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PREFACE.

To expatiate of the importance of' Astro-
nomy, both as an useful and ornamental
science, must at this time be wholly unne-
cessary, its merits in both points of views
being now too justly appreciated and too
generally acknowledged, to require any
new proof or illustration,

Whilst, however, the interest and utlllty
of this science are universally adnritted, it
is observable that the knowledge of it'is
far from being so extensively diffitsdd as
might reasonably be expected and desired ;
and though it is at the present day consndered :
as forming an indispensable part of a dibe-
ral education; — though too, there are few
respectable seminarigs for young persons of
either sex, in which.geography and what is
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Vii} PREFACE. .

called the use of the globes are not profess- .
edly taught, yet the attainments of the pu-
*pils in Astronomical Science are commonly
very imperfect and limited.

Now the real use of the Globes is *to
illustrate in a clear and familiar manner the,
leading principles of Geography and Astro-
nomys and to exhibit the intimate connec-
tiow of these two sister sciences ; it is there-
fore obvious, that though the problems on
both Globes may be easily performed by
arbitrary rules, they cannof be thoroughly
waderstood without a considerable acquaint.
ance with both those sciences, and espe-
ecially with Astronomy, upon which most ot
the problems are founded.

In most schools. some work on Geogra-
phy is usually read by those Pupils who
age learmng the use of the Globes, while,
for want of a treatise on Astronomy,
properly adapted to the capacities of
youtB &nd the purposes of education, this
valuable and sublime science, is (more
particularly in ladies’ schools) almost
totallly neg]ected and the problems being
in these cases worked without -their appli-
cation being sufficiently explained by the
teachér to be rendered intelligible to the
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learner, are commonly forgotten as soon
as the exercise is concluded. To provide
a remedy for this evil, by supplymg what,
has long been a desideratum in the stock
of our school literature, is the chief design
of these Lectures.

In the execution of this design-I have
endeavoured, by a methodicai arrangement
of its different parts, to render a science
frequently considered too abtruse for the
common reader accessible to the most or-
dinary capacity, to stimulate and interest
curiosity by the novelty and beauty of the
accompanying illustrations, and by adorn-
ing the path of science to allure the youth-
ful mind to its pursuit; in short, to pro”
duce a work, which, uniting pleasure with
instruction, may invite application by its
facility, and reward diligence by its usd'ul-
ness.

It being .one chief object of these Lec-
tures to bring the pupil acquainted with
the fixed stars, the knowledge of which
forms the basis of all astronomical observa-
tions, I bhave treated the astro-graphical
part of my subject much more, sely
than is usual in works of this Kifl, and
have illustrated it Ly correct views of the

A5 -



X PREFACE.

northern and southern celestial hemispheres.

I have alsd added a planisphere on a large
scale, and peculiar in its construction, of
all the constellations and prmcxpal stars
visible in our latitudes.

The difficulty commonly expenenced in
acquirieg a knowledge of the starry hosts.
by means of the celestial Globe, has led. me
to intfoduce a number of useful Problems,
incfuding all the most important that are
usually performed by that instrument,
These Problems are worked with extreme
facility, especially those which are adapted
to the moveable planisphere, and are, to-
gether with the Questions and Exercises,
‘thrown into an .Appendix which, from its
contents, forms a very valyable and interest-
ing portion of this*work.

The mgqveable diagrams afford a more
pl'easmg, familiar, and natural elucidation
of the phenomena they are intended to
1llustrate than any other contrivance hitherto
known. They are so constructed as to act
upon one common centre, which screws
mto the middle of a board, upon which all

figures referred to in the Lec-

*also delineated ; and by this ar-

range;nent, a complete astronomlcal mas
« 18



PREFACE. Xi

chine is formed, which I have designated
the AsTRONOMICON.

I now commit my labours to the candid_,
judgment of a discriminating public, trust-
ing that they will answer their professed
design, by facilitating to the rising ge-
'neration the ascent to the Temple of
Science,

Crawford Street,
Bryanstone Squarc.



ERRATA.

Pageg2. Note 2. line 3. for lead read head.
J 8. line 27, and page 20. lines 3. and 35. for inchined read
declined.
36. line 20, and page 87. line 10.dfor Brenchint read #:-
anchini.
63. line 14. for western read eastern.
109. last word, for lessen read Inm‘;.
111. last line but two, for circlet read v dle.
125. line 9. for six read seven.
136. line 25, for D read C.
144. line 24. for ensuing read present.
158, line 129. for qread 4.
181. line 15. for arcle read semi-circle.
W00. line 31. for C Dread C 4.
194. line 3. after sun’s horizontal read paralli..
204. line 11, for vary read varids; line 21, for arc read s,
and line 25.5for obute read oblate. .
242, last line but two, the comma to come after su, mstcad
) oof after uniformly.
300. line 21, for C read E,
381, line 25. for orbu read orbit<.
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DESCRIPTION

OF THE

MOVEABLE DIAGRAMS}&c.

DIAGRAM I
THE DUANETARY SYSTEM.

Tms Diagram consists of seven pieces, marked A, 3,
C, D, E, F, G, which, when placed one upon another
in the centre, according to the order of the lettersy
and unfolded to their full extent, exhibit a representa-
tion of the Planetary System, on a scale sufficiently
large to convey a very just idea of the relative dis-
tances of the Planets from each other, and from the
centre of the system. The magmtudes of the Planets,
as delineated in this scheme, are also in proportion to
one another, and to a supposed globe of two feet dia-
meter for the Sun. The Satellites are merely repre-
sented near their respective primaries in order to
complete the Diajram, without any regard to their
relative distances from those bodies, or to their magni-
tudes relatively to them.

DIAGRAM IL
THE DIURNAL MOTION OF THE EARTH.'

The rotation of the Enrth on its axis, causing an ap-
parent diurnal revolution’of the Sun about the Earth,
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with the nature, extent, and duration of twilight, ise
represented’by this Diagram in a very pleasing and
. natural manner, while its use in illustrating the cause
*of the loss or gain of a natural day, experienced by
any persoh in circumnavigating the Globe, as explained
inthe eighth Lecture, renders it particularly interesting-

DIAGRAM III
THE EAQTH'S DIURNAL REVOLUTION.

Thesvariation in the length of the days and nights
thrgla)out the year, is exhibited in this Diagram in a
manner peculiarly calculated to make a lasting jm-
pression on the mind of the young student, and, toge-
ther with the corresponding change in the apparent
place of the Sun, so obviously pdinted out by the in-
dex, enables him to obtain more correct ideas respect-
ing the phenomena of the seasons, than the desultory
perusal of a whole volume upon the subject would

* furnish, bim with.

DIAGRAM.IV.
THE MOTION OF THE EARTH IN AN ELLIPTIC ORBIT.

This attempt to exhibit elligtic motion is altogether
ntw; novelty, however, it is presumed, is not its only
recommendation. In this as well as the last Diagram,
not only the motion of the Earth, but the apparent
motidh of the Sun produced by it, is particularly illus-
trated.

DIAGRAM V.
. ' SOLAR AND SIDEREAL TIME.

The difference between Solar and Sidereal Time, or
between the length of a Solar and a Sidereal day,
and consequently between the number of Solar days
in a year, and the numver of actual rotations of the
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‘Earth upon its axis during that time, arg illustrated
by this Diagram with a degree of precision hitherto
unattempted.

DIAGRAM VI.
THE APPARENT MOTIONS OF THE INFERIOR PLANEZS.

. The erroneous illustration of these phgnomena
given in Ferguson’s Astronomy, and in most other
Treatises on the same subject, is here fully obwiated.
To show the angular distance of a Planet fromgthe
Suny on an arc considerably beyond the ecliptic, at
the same time that we assume the ecliptic as bounding
our view in that direction, is, to say the least, unnatu-
ral, and presents a difficulty to the student that he
cannot easily surmount : nor has the author of this
work met with a popular illustration of this subject,
which he could consider by any means satisfactory.
He has, therefore, in this Diagram given an eptirely
new illustration of it, which he is happy to say, has re-
ceived the unqualified approbatjon of several eminent
Professors. '

I

DIAGRAM VIL
THE APPARENT MOTIONS OF A SUPERIOR PLANET.,

This Diagram has also been highly approved of; as
affording a more clear and natural elucidation of this
very abstruse subject than has yet appeared.

DIAGRAM VIIL
THE PHASES OF THE MOON.

This Diagram needs no%xplanation, its design be-
ing obvious on inspection.e
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DIAGRAM IX.
SOLAR AND LUNAR ECLIPSES.

The plane of the ecliptic is in this Diagram raised,
in order to give room for inclining the planc of the
Moon’s orbit, by which arrangement, and by preserv-
ing the parallelism of that plane to itself while it is
carried *found the ecliptic, the dependance of solar
and lunar eclipdes upon the position of the Moon in
her odbit, relatively to the Sun and Earth at the timc
of the Moon being new and full, is clearly demon-
strated. .

THE MOVEABLE PLA{N!SPHEI’!B-

Upon this Planisphere, from the peculiarity of its
donstruction, the most important Problems usually
performed by the celestial Globe, may be worked with

.imuch greater facility’than by that instrument,
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LECTURES |

ON

ASTRONOMY.

o
‘. .

LECTURE L
OF ASTRONOMY IN GENERAL, — DIVISION OF THE

SUBJECT INTO THREE HEADS. — GENERAL VIEW

OF THE PLANETARY SYSTEM; WITH AN EXPLAN-

ATION OF SEVERAL CIRCUMSTANCES COMMON Td™,

ALL THE PLANETARY BODIES. -

A
Astronony' is that science which treats of the
nature and motions of the heavenl{ bodies; ex-
lains the various phenomena? which tHese bodies
exhibit, and demonstrates the laws by which their
motions ate governed and regulated. *

Of the heavenly bodies some appear to be ih
a”ﬁnm,.moﬁon among themselves, and t. be
pefipepally chanEing their places in the sphere® of
the heavens; while others constantly retain the
same Tnvariable position with respegt to each other,
and segm to be in a state of absolute quiescegce.
"These ligst, from their appearing to occupy that

1 From aorpov a star, and,vouos 8 Inmm;js :
¢ Plural of phenomenon; from gawosis: to appear,
+ From opaipa a sphere or gloks.

B



2 LECTURES ON ASTRONOMY.

situation i the universe in which they were ori-
ginally placed, are denominated the Fixed Stars.

Those bodies which seem to have a proper
motion of their own, and to perform a complete
revolution in the heavens in different periods, and
in the various paths assigned them, are the Sun,
the Planets !, and the Comets ?; which, together,
constitafe what is called the Solar? System.

The Comet#, however, being distinguished from
the Blanets by their dull and cloudy appearance,
a legg train of light by which they are accom-
panied, their movm% il{h«}@ery possible directjon,
and by their being found in every part of the
firmament, may be considered as a distinct specie-

. Of wiCSt N ‘l

In treating, therefore, this most sublime aud
mteresting science, the above considerations will
naturally suggest a division of the subject into
‘three distinct heads, which may be called The
System of the Sun and Planets, The System of
the Comets, and The System of the Fixed Stars.

The Planetary System,

consists- of the Sun @, and Planets; ﬁne latter
being subdivided into three kinds; viz. The Pri-

mary Planets; The Minor Prnmg or
Asteroids ‘ghgthd’ the Secondary Pl fom-
monly called Satellites °, or Moons. ~ *

N F ¥ - y T “ »

 From coma hair. The train of light which gecom-
panies a comet in certain situgtions, an of
nhir surrounding nucleus or lead of the on,
| a comet, or hairy star.

tar, and form.
ale;norm

C 1
8 From satclles an



LECTURE I. 3

The Primary Planets are those whith revolve
round the Sun as a centre: they are seven in
pumber : their order in the system, and the names.
aud characters by which they are expressed being
as follows: Mercury ¥, {’enus 9, Earth @,
Mars g, Jupiter %, Saturn b, and Uranus §,
called also the Georgium Sidus ', or Herschell.

The Minor Primary Planets, or Astefoids, &re
four in number: they revolve round the Sun as a
centre, between the orbits® of Mars and Jypiter,
but are distinguished from the Primary Rlanets
bv.thelr diminutive s, and by the form and
position of their orbits. Their names and charac-
ters are Vesta 8, Juno §, Ceres 2,and Pallas ¢.

Superior and infetior, or exterior and interior,
are relative terms applied to the Primary and
Minor Primary Planets: those being called supe-
rior or exterior, which are farther from the Sun;
and those mfenor or interior, "which are nearer t™
him : thus, in respect of our Earth, Mercury and
Venus are inferior plgnets, and the rest are supe-
rior. Mercury being the nearest planet to the
Sun, and Uranus the most remote from him, may
be cwmdered, the former as the inferior plabet

em, and the latter the superior.
tes, or Secondary Planets, wre those
bullet which revolve round their Teapective pri-
their centre of metion, “in: the ssame
fr s the primary planets ci round the
Sun.” The numb& of sateHi s known,
is elghteens. viz. the Moon.», wt muk.nds on
our, Earth, four belonging to Ju eI, .s¥vep to

-Sﬂm, and six ta-lUranus.

1 From adau a star.

¢ From orbita a track. THe mngmw , in
which a primary planet moh und the Surt;' 3¢ gd-

ary planet round its primary,’ ed its orbit,
B 2



4 LECTURES ON ASTRONOMY.

The pldnetary system, therefore, is comp¥sed
of thirty bodies, viz. the Sun, seven Primary
* Planets, four Minor Primary Planets, and eighteen
Secondary Plancts. “ '
In the description hercafter tp be given of these
bedies, various terms will be eémployed,. which,
alghoughf they may perhaps be generally, may,
nevertheless, not be universally, understood. It
will be proper,”therefore, in order to avoid am-
biguiy, that these terms should first of all be
exphgned ; to do which with the greater cffect, I
shall, in this place, mention several circumstagces
that are common to all the planets in the system,
whether Primary, Minor Primary, or Secondary.
The orbit in which a planet revolves round the
Sun, or a satellite round its primary, is not of a
circular but of an elliptical form, and the Sumn,
instead of being placed in the centre, is situated
< one of the foci' of the ellipse.

Without referring to its generation from the
section of a cone, an ellipse may be thus de-
scribed. Let a thread, having the twp ends tied
together, be pw# over a couple of pins fixed upright
upon a pl as any distance apart less than-she
Tength of the thread, thus doubl ill reach;
then a_pen or pencil, carried rou n the
thread, and keeping it stretched out utmost
exteut,» will- describe upon the plane a_%m«,

p on

which will re or less elliptical, in p

to the gleF-gr less “distance of she pins from
cach aé‘le points in which the pins were
fixed ate ¢ the foci of the ellipse, andShave

this particular” property, that if two rightgines
be drawn fromg.them to any part of the -
ence; the 9 Mhese two lines is equal to the

Plural of ) fwn: & fire-hearth.
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10nﬂer axis of the ellipse, or that in which these
points are situated.

.Let the ellipse, APDE, ﬁg 1, tepresent the
orbit of a.planet. The Sun is not placed at C, J
the eentre of the orbit, but at S, one of the fou
of the elll se. When the planet therefore is at
P, it 'in_ that part of its orbit which is nearest
the Sun, and is said to be in periheliop.! «In
performing its revolution round the Sun, its dis-
tance from.that luminary gradually increases till
it reaches the opposite point of its orbit, when it
is at ntrgreatest distance from the Sun, and %s said
to ‘be in its aphelion.? When it arrives at the
points D and E of its orbit, it is said to be at
its mean distance,* The points A and P of the
orbit, the one of which is farthest from, and the
other nearest to, the Sun, are called the apsides®,
the former of which is called the higher, and the
latter the lower apsis, and the line AP, whick,
joins these Eomts is called the line of the apsides,

nlso the .greater or transverse axis; DE is

r CODJll afe axis ; S the lower focus, or

that mel:fl:h the Sun is placed, gnd s the higher
m .8GC, or s C, the eccentrlciﬁ" 4 of the orbit,

i opSF, the mean distance.” .

R distance added to the ecceptricity is
aphellon dxstance, SA ; and the mean

jgiice. less the eccentricity is ual to the, peri-
JeggR Wistance, SP ; consequem%he difference
‘befween the aghelm ‘and perihe or greatest
and: lgut dlsumce of a plangt from Qg Sun, is

m* s ubout, near, and #Asos the sun. °
) imm, and nawos.
ural of apsis, from afis a bend | ‘wheel,» becausc
the lanet, at these points, appears to turn back.
om & out of, and KerTpov centre. bl -

g\‘?



6 LECIURES ON ASTRONOMY,

equal to dopblé the eccentricity of the orbit of that
planet. ’ :

. A planet doés not proceed with an equable motion
“through every part of its orbit; the velocity of its
motion ually increasing while the planet is
moving from its aphelion to its perihelion, and as
gradually decreasing while it is guing from its
peribeligr’ to its aphelion. The anomaly ' of a
planet is its distance from the aphelion, and is
considgred as either true-or mean. The true
anomaly of a planet is its angullir distance at any
time ffom its aphelion. ‘The mean anomaly is the
angular distance of a planet from its aphelion,
upon the supposition that it moves uniformly in
@ circular orbit. *The equatipn of the planet’s
centre is the difference between the true and mean
aflomaly. .

‘When the Sun or Moon is nearest to the Earth,
& is said to be in perigee.? The Sun or Moen is
said tq be in apogee  when it is most distant from
the Earth. Thus, if fig. 1. represents the orbit
of the earth, then .when the }:.n‘herth is at P, ori3

erihelion, the Sun is said to be in perigee; -an
I\:'hen ‘the Eartﬁ?is at A, or in aphelion, tbeSgn
is said to be in apogee.

The line of the apsides of the
lie in different directions, and conseq :
to different parts of the heavens. T e-m
of some of planets are more elliptical ¥hs
others, and mést of them -are very nearly cir-.
cular. Having meptioned 'the elliptical form
of an orbit as"a general property® belonging to
the “orbits of all the planets and satellites: in
the system, and explained several terms ar%ing

! Frdh 2hot, and sdhos lw.
2"From et about, .:?l i the earth.
3 From awbd fron), i

w
YR .




LECTURE I. 7

from ity 1.shall defer making any further observ-
ations upon this subject till the apparent motions
of the Sun come to be investigated, when this
phenomenon will be fully described and account- *
ed for. N

If we suppgse. a plane to pass through the
Earth’s orbit and to be extended in all directiohs
to the sphere of the heavens, it will trace ou a
line among the stars which is calleg the Ecliptic ,
because eclipses can only happen (as will be shown
when these phenomena come to be treated of) when
the Moon is either in, or very near to, tha line.
In*like manner we may imagine planes to pass
through the orbits of the other planets, and to be
extenﬁed to the s;phere of the Fixed Stars, de-
scribing circles thereon coincident with the orbits
of the several planets. The circles thus generated,
being evidently the circles which the several planets
would appear to describe to a spectator placed in
the centre of the Sun, are called the Heliocentric™
Circles of the planets; the ecliptic is, thetefore,
the earth’s heliocentric circle. Now it is evident
that if the planets moved *in the plane of the
ecliptic they would constantly ap[l)lear in that.circle,
which would then become the heliocéntric circle
of all'the planets. This is not, however, the case.

epeated observations demonstrate that they are
sometimes above and sometimes below the ecliptic,
updh which they are only seen twice dutilg the
whole_course of their several revolutions round
the Stin ; and since the heliocentric circle of a
planet must Hecessarily coincide with the plane of
thagplanet’s orbit, by finding the heliocentric sircle
of gny planet in the sphere of the heavens, the situ-

i The word eclipse, from_which this
is from exAeime to leave, to faint. .
¢ From nws the sun, and xe-yor the centre,

B 4

dircle takes its name>
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ation of the plane of its orbit is known. The
heliocentric circles of all the planets being found
. to be different, it was ascertained that the orbits
of the planets are inclined at different angles to
the ecliptig, and that the orbit of each_planct
crosses that circle in two opposite points, which
points are called the Nodes ! of the planet; that
nle frpfn which any planet ascends above the
ecliptic being denominated its ascending, and that
from which it descends below the ecliptic its
desceldding, -node: the line which joins thesc
point® is called the line of the nodes.  Sipce
the times in which the several®planets appear to
describe their heliocentric circles, arc the same a<
the periods in which their realeyevolutions are per-
formed, the difference between the former of these
nfust be the same as the difference between the
latter.
¢ To an inhabitant 6f any planct, the Sun appears
to perform a complete revolution of the heavens
in the heliocentric circte, and in the periodicat
time of that planet; the apparent motion of the
Sun being in the same direction in which” the
planet moves. By the motion of the Earth, there-
fore, in its orbit, the Sun appears to perform an
annual reyolution in the ecliptic, gnd always to be
in, the opposite part of the heavens to that in
which, the Earth is situated; hence the ecliptic
is frequently called the F7ia Solis, or Sun’s Path.
The ecliptic is divided into twelve‘equalyparts,
called signs, which are named after. certain con-
stellatiows * in the heavens through which the
ecliptic itself passes; and a space extending ghout
cight degrees on each side of the ecliptic is cuﬂed

24 From nodus a knot._ .
2 Fom cor for cum Swith,"and stella a star,
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khe Zodinc', because the constellations through
which the ecliptic passes consisted, aecording to
the Chaldean division, entirely of animal figures,

the constellation now called Libra having origi- .

nally formed the claws of the Scorpion.. Hence
Libra is still sometimes called Chelee (the claws).

The names, order, and characters of the twelyc
signs into which the Zodigc is divided, are, Aries o,
the Ram; Taurus %, the Bull; Geminll. o, the
Twins; Cancer =, the Crab; Les §, the Lion;
Virgo mg, the Virgin; Libra ~, the Balances;
Seorpio m, the gcorpion; Sugittarius £, the
Awher;  Capricornus  vp, the Goat: ‘Aqua-
rius &, the Water-Pourer; and Pisces %, the
Fishes. .

The characterssmade use of to represent the
signs of the Zodiac are generally supposed to Le
of very ancient invention, and were doubtless de-
signed as rough representations of the figures they
are intended to signify ; thus & represents thw
horns of the Ram; ¥ the head and horns.of the
Bull: 1 the Twins joining hands and feet; @ is
cupposed to represent the .change of the Sun’s
declination from north to south, which takes place
in this sign; §Q represents the tail of the Livn;
ny was originally the three ears of corn, which are
generally drawn-in the hand of the Virgin; 2 is
the beam of the Balance ; m, is a batbarous tran-
seript of the original character, which was ¢ rude
picture of the Scorpion; # is the arrow of the
Archer; v# is a deviation from the original cha-
racter %), which is intended for a rough but ex
ditious representation of the figure of the constelr

itibn ; = is a natural imitation of the undulating
! From {wdigv an animal.
B 5
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surface of water; and x is the picture of two fished

tied back ®o back. .
Althougl the signs of the Zodiac are equal in

', extent, containing each thirty degrees, yet the ¢on-
stellations from which their names are derived
are unequal, some extending much farther than
others, as may be seen by inspecting a common
celestial globe; hence the Zodinc is by some
mfthors considered as astral or local ; the former
being the Zodific divided into twelve unequal parts
by the twelve constellations, and the latter the
Zodigc divided into twelve equal parts or signs,
each of which is sub-divided into thirty equal parts
called degrees, each degrec into sixty equal parts
called minutes, and each minute into sixty equal
parts called seconds. T
< Hipparchus first introduced this fixed Zodiac
(as it is called) among the Greeks, about 2000
years ago, and placed Aries as the first of the
.wigns, whereby, in his time, the signs corresponded
with the constellations after which they were named.
By the precession of the eguinoxes (hereafter to
be explained) thesc.signs have retrograded, or
moved backwards, or contrary to the order of the
signs, about 80 degrees since the time of Hippar-
chus, by whoyi¥this retrograde mdtion was dis-
covered however, still reggin their ancient
nemnes, notwithstanding their having shifted their
places with regard to the constellations one whole
sign ; thus the first sign, or first qf; the twelve
equal portions into which the ecliptic is divided, is
still called Aries, although it now corresponds
with thne constellation of the Fishes, the second
sign’ is called Taugns, though in the constellation
Aries, and so on. *

The Egyptians and Chgldeans had reckoned ac-
cordirg to the fixed Zodiac ages before the time of
R 017
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Hipparchus, and it was probably known to astro-
nomers from a very early period. Unless other-
wise expressed, the fixed or intellectual Zodiac of
Hipparchus is always to be understood when the
Zodiac is spoken of. As the signs of the ecliptic,
or fixed Zodiac, have no corresponding stars, they
are sometimes called anastrous® signs, to distin-
ruish them from the astral Zodiac, or signs formed
by the stars. . oo
The various inclinations of the orbits of the
planets to the ecliptic are in round numbers as fol-
lows : The inclination of Mercury’s orbit is_jabout
7°¢ that of Venus about 33°; of Mars about 14°;
of Jupiter about 1}°; of Saturn about 23°; and
of Uranus about & of a degree. The heliocen-
tric circles of theeprimary planets are all, there-
fore, comprehended within the limits of the Zodiag :
but those of thé minor primary planets, Vesta's
excepted, exceed those limits, being considerably
more inclined to the orbit of the earth; thus tl..
inclination of the orbit of Vesta is about 73°; of
Juno 18°; of Ceres J04°; and of Pallas 34}°.
While the primary planets are revolving round
the Sun, and the satellites round their respective
primaries, these various bodies have #t:ithe same
a motion from west to ea(.;»t ro “the:‘r l1:xes, ?y
which, toa ¥ placed upon of them, the
whole heav:l;,%1 all the vifs)ibleal!gdies contaired
thergin, will appear to revolve round the planet on
which he stands during the time that the planet
itself takesto turn upon its axis, but 4 a direction
exactly the reverse of that in which its rotation is
performed. That of the Earth being ptrformed
in twenty-four hours, the heagens will appeir to
s

! From a not,&and astpor a star.
B 6
L.

>
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make a copplete revolution from east to west i’
that time. Hhy i

. All that is mgant by the axis of 4 planef, or
*other heavenly body, is that imaginary line round
which its revolutions are performed, and not that
it has any material axis ¥o turn upon,,. The axes
of* the different planets are variously inclised to
thg ecliptic and to their own orbits : a Jime perpen-
dicular to the agis, and dividing .a- planct into two
cqual parts, is calledits eguator.” 1f N 8, fig. 2.,
represent the axis upon w the Earth, NQS/E,
revolves, the point N is called the, north, and 8
the south pole; the line JEQ,.perpendicular to
the axis, find dividing the Earth into’ two equal
parts, is called the Equator ; the half, ZJENQ, being
denominated " the northern, and thestother half,
/ASQ, the southern hemisphere., “is the eclip-
tic; and the angle ECA, or ECQ, the Obliquity
of the Ecliptic to the equator: NCI. the inelin-
‘ation of the Earths axis to the ecliptic; the op-
posite” points at C, (one of which only is visible
in the figure,) where the efjuator intersects the
ecliptic, are called the equingstidl ’ points, and the
line joinipg.these points the line of the equinoxes.

The tic has already been mentigned as the
track marked .out amon%l the stars by extending
the plane which passes through:the orbit of the
Earth ; this circle, therefore, evidently divides the
heavefis®into two vast concave hemispheres 2, that
being denominated the northern hemisphere to
which the n#th pole of the Earth is directed, and
thgt the southern to which its south pole inclinss.
(P -

1 From @quus eq nd nox night, so called, because
when the Sun is in cith® of these points the days and nights
are of an-equal length at all pagts of the earth.

2 Frgm nwov half, and ogapa a sphere, -
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The distanee of any heavenly body from the eclip-
tic, measured on a ﬁren‘t circlesperpendicular to it,
and- passig through¥that bodyy,is called the lati-
tude of the body, and is north or south as it is in-
the northern or southern hemisphere. The eclip-
tic being jgommon bourlary of both these hemi-
spheresy it is evident that any star, planet, or otlter
body, sitpated in’ thialihe, can be, properlyspeakipg,
ueitiie"r in the ‘oqe‘ﬁf‘e‘misphere nor the other, and,
consdquently, can Lavego htimdé,. )

Now if the Earth’s 9%s were perpendiculanto the
plane of the ecliptic, it is clear that the polésof the
eefiptic would coingide with the poles of the world
as they are called, or those pajnts in ¢ifé;sphere of
the heavens through swhich the Earth’s axis, infi-
nitely extengded both ways, would.pass; and that the
plane of the -deliggic. rm{ld% like manner coincide
with the plane of the Eartl’s equatos, and, conse-
quently, the celestial equator and the ecliptic would
be one and he same circle; , therefore, cecles-
tial and terrestrial ohjccts,'rhaving the sanfe lati-
tude, would exactlp correspond to each other;
hence all the, stars, having any given latitude in the
“ieavens, would become celestial correspondents to
all plages baving the same latitude ofi "the surface
of the Earth. Singe, however,. thi# axis of the
Earth is inclined _l}gm the perpendicdlar about
23° 28', equal tothe obliquity of the ecliptic to the
cquator, it follows that the same celestial*mud ter-
restrial latifudes do net coincide, !)eing measurcd
from circles that are oblique te each other.

The ecliptic having been chosen by astronomers
as the circle upon which. the distance of thé hea-
venly bodies was to be meas it became neces-
sary, in order to ascertain théfr exact situation, to
fix upon some deternsinate point at which the
reckoning was to commgiengg. As the equihoctial
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points, or those two opposite points of the heavens’
in which the Earth’s equator extended intersects
_ the ecliptic, must always be situated in the eclip-
“tic, the vernal'! equinox, or that in which the
Sun is placed in spring, was chosen for this pur-
pose. The longitude of a star, planet, &c. is its
distance reckoned on the ecliptic in signs, degrees,
and minytes, from the vema.r equinox, or the first
point of Aries. _If the star, &c. be not situated in
the ecliptic, buf*somewhege north or sonth of it,
then she point in which the ecliptic is cut by a
great eircle perpendicular to it, and passing through
the star, &e. is called the longitude of that bodly.
If we suppose the line of the apsides of any planct
producedm ways till it meget the ecliptic, the dis-
tance of the aphelion extremity of this line from
the vernal equinox _is" called. the Jongitude of the
aphelion, and she distance of the other extremity
the longitude of ‘the ,perihelion. The longitude of
{he nodes of any p«l‘gnet is reckoned in a similar
mannér.

Some few authors, instead of reckoning the
longitude of a heaveuli'oh)odx'ﬂom the first point
of Aries, in the fixed Zodiac of Hipparchus, ima-
gine a circl@ of latitude to be drawn through a star
in the bead of the Ram, henge called the first star
of the Rdm, and reckon th’éejgngitude in signs,
d s, and minutes, from the“point of the ecliptic
whiclg ig cut by that circle. This star is by Bayer
marked y. The longitude of a phenomenon, thus
reckoned, is said to be so. many sigus, degrees,
minutes, &c. from the first star of the Ram. The
latityde or longitude of a heavenly body is either
geocentric?, or heljocentric; the former being the

1 From vernus belonglag to the spring.
¢ 3 From i the earth, and sevrpov centre.
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lutitude or longitude of that body as seen from the
Earth, and the latter the latitude or longitude it
would have if viewed from the centre of the Sun.

If, instead of the ecliptic, the distance of any’
heavenly body from the vernal equinox "be mea-
sured on the celestial equator, this distance is called
its right ascerﬂfl. Should the body mnot lie ’in
the equator, . any where out of it, then, it
u great circle be drawn perpendicylar to the equa-
tor, and ‘passing through the body, the arc of this
circle intercepted between the equator aind the
body itself, is called its declination, and is denomi-
nated north, or sQuth, as the body is north or south
of the equator, its ascension, being the distance of
the point in which this circle cuts the equator
from the vernal equinox.

The elements .of the plane orbits are found
to be subject to certain varia L,- which, from
being so extremely small, as.ong'“to be perceived
by comparing observations e at very distant
periods, are called secular inequalities. Thu’s their
eccentricity is variable, though their greater axes
appear to be alway¥ the same, that is, their orbits
sometimes approach mnearer to true circles, and at
others beeéme more elliptical. The ificlination of
their orbits to the ecljptic, and the"position of their
nodes, are also sybject to small variatiéns. The
motions of the planets are likewise subject, to other
inequalities, which, as they appear to depend on the
position of the different planets with respect to
each other, are called periodical inequalities : these
inequalities are most sensible in the motiops of Ju-
piter and Saturn. v
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LECTURE IL

PARTICULAR VIEW OF THE BODIES COMPOSING THF
PLANETARY SYSTEM comnlhxciaw—m THE SUN.
o~ THE ZODIACAL LIGHT. s

Frose the general view of the planctary system
contumed in the foregoing Lecture, let us proceed
to take a more minute survey of the varieus
bodies of which it is composed ; and, first, of

. The Sun @.

. 5"' -

The Sun, sang these planets which were known
n the exul) ages of ustronomy, had, originally,
names given to them, expressive of thc peculiar

ualities, attributes, or motions of those hodies.
l‘hus nxios (helios), the common Greek n,lp&of
the Sup, is derived from the Hebrew.El, one of
the names of God. By the Pheniceans the Sun
was ea,lled Baal-shamin, the Lord of Heaven :
both these names were evidently applied to this
lummar as a primary object of idolatrous wor-
ship.* he Hebrew name Shemesh, u_minister or
servant, is ett{\er from his ndmuustermg light and
heat to this lower world, or because he is the
immediate scrvant or agent, employed by the Al-
mighty in dispensing these vivifying principles.
The name Mithrg, signifying love or mercy, by
which: he was known among the PPersians, was
given him on account of his cherishing the Earth
by his influence; which may be looked upon as
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the effect of his love to mankind. Manhy other
names have been given to the Sun by way of
cpithet, from his light, heat, &c. The Roman
name 8o/, is by Macrobius ascri to his appear-
ing sohis, 7. c. alone.

The diameter of this immense globe is 888,246
English miles. y:%mt this radiant orb, the great
source of li rht,’\ at, and vegetation, should have
been ‘generally considered by the amcients a ‘5lobe
of pure fire, seems by no means surprisinﬁ. hen,
however, the invention of the telescope had erfabled
astronomers, by discovering dark spots of vArous
torms and magnitddes upon its disc !, to ascertain
that this opinion was ill founded, it might perhaps
have been hoped, ag#l expected, that future observ-
ations would lend to some satisfactory conclusion,
respecting the probable construction of this lumi-
nary. ITow far such hopes andyexpectations (if
they ever existed) have hitlferto been realised,
will be best ascertained, by comparing the theories
proposed, with the observations uFon which they
arﬁﬁﬁn&d: for which purpose, I shall here in-
troduce o brief description of the motions and ap-
pearances of the solar spots, with the ppinions of
the most celebrated astronomers coggerning them ;
and shall then proceed to gi\'e a general account
of the very ingenjous theories, of the nature, and
c;mstg‘uction of the Sun, to which they have given
rise. )

The solar spots are never stationary, but appear
to move slowly over the Sun’s disc, from east to
west. When a spot first becomes visible on the
eastern limb of the Sun, it appears like a thin
black line; but as it advancesrtowards the centre
of his disc, the breadth of the spot and the velo-

! From discus & quoit. The face of the Sun, or any planet
p~ it appears to the eye, is called Rs disc.
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city of its, motion gradually increase; and they

in diminish as it approaches the western limb.

hese changes in the apparent form and motion

' of the spot, are merely optical deceptions, arising

from its oblique position with regard to the eye of
the spectator.

° In order to understand this, lé¢ us imagine the
glpbe ofcthe sun to have a number of circles drawn
upon its surfage, all passing through his poles,
and intersecting his equator at equal distances.
These circles, (which may be called meridians,) if
they-were visible, would appear to us, on account
of the sphericity of the Sun, at'unequal distarices
from each other, and seem to inclose unetiual
spaces of the Sun’s surface, @s in fig.3. Now
suppose a spot, of the shape and magnitude re-

A_ at g ; it Is evident it would appear of its
true form only in the central part of that hemis-
phere of the Sun which is turned directly towards
our earth, that being the only situation in which
we could obtain a view of the full extent of it, .in
length and breadth ; in every other position,. ey 5,
¢ d, e, f; ky iy ky I, m; n, we have an obliquéiwiew
of the spoy, its breadth being gradually contracted
in proportion. to its distance from the centre,
without any‘diminution of its length; and at its
coming in at a, and going off at #, it appears merely
as a thin black line. '

THe ‘correspondent inequalities in the motion of
the spot, by which it appears to move slower while
describing the shorter arcs included between those
meridians which are nearer to. the eastern and
western limbs of the Sun, are also such as prove
it to be carried equably round in & circle, the
plane of which nearly coincides with the eye of
the observer. )
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Now whatever may be the number of ule !,
or faculee®; (that is, dark or bright spots,mon the
sun at a time, they all keep in the same situation
in respect of one another, and, so long as they
last, are carried round together in the same man-
ner; which shows that the spots adhere to the
surface of the Siin, or exist .in his atmosphere,
and revolve along with that body upon bis axis;
at the same time demopstrating the.Sun to be a
globular body, and proving it to have such a
rotation. o

If a spot be observed at different times of~the
yeaf, it will be found that its path, or the line
of-ige apparent motion over the Sun’s surface,
is continually varying. At the end of November,
and the beginning of December, it seems to move
downwards across the Sun’s sufface in a ight
line ; about the end of Felwruary, and the begin~

ing of March, it describes a curve, having the con=~
vexity turned towards the upper part of iis disc;
after the ‘beginning of March, the curvature de-
creases till about the latter end of May, or the
zinning of June, when it agdin describes a straight
line;-but appears to ascend in its passage over the
disc-of the Sun; and about the end of August,
and the beginning of September, it takes_the form
of a_curve, having its concave side turned up-
wards. N _

As by the rotation of the Sun on his" axis
every spot upon his surface is carried round him
cither in, or parallel to, his equator, the above
phenomena, wﬁh are repeated every yeag in the
same order, and which belong to all the spotsthat
have been ebserved on his disc, have enabled as-

' From macula a spot or stain,
¢ From faculaw litgle torch,



QQ LECTURES ON ASTRONOMY.

tronomers, t:]) as;:emm ﬁat the axis of the Sl|im -
not perpendicular to the. plane of the ecliptic,
but_inclined from the perpgndlcularfﬁnn azgle
of: ﬁ)ou.t. seven.-degrees and a- half. In order to
render this clearly understood, let USLN, fig. 4.,
be.the Sun, E ¢ the ecliptic, NS the axis round
w'hlch the Sun ul;evolvx U{. (3 d?m:ter cif the
perpendic to the plane of the ecliptic,
U lﬁs u r and L his. lower, limb, A the ;}omt
at whic SEP“ enters, and a the pomt where
it ledves the un’s disc; when the Earth is at o,
the~zircle A @, which the spot descﬂhes, will
appear a curve convex towards U, as in
the south polar regions of the Sun at Sm?g
visible, because the Earth iz below the pl of
the cxrc]e described by the epot ‘When the Earth
opposue. ot its orbit at K, the north
ions of the at N, will be \uslﬂe siand
asthe;farth maboﬂﬁetheplaneot the,_cipel m
1t will be projected into a curve conea
y a§,in, fig. 6. When the Earth i Iﬁf gy
between E and e as at ¢, where the ' &ﬁb
circle A a intersects’ the plane of the'siylip
will be projected into a straight line, as''in*

and.the spot will appear to ascend across th ’s
disc. ﬁeﬂ the Earth is ag d, in the opposite

of its orbit to this, it ain come into
lane of the circle, svh,lch“ will therefore be
agau'? pro;ected into a & line, vas in fig. 8.,

the spot appearing to maye xlownwards across the
d'i‘iﬁf t]he Sun. | boye,,:henqmeh b

o Mustrate the a a2, means
of a common celestial er tgrml glabez put a
black . spot upon any convenient it of it, and
incline the axis about seven and a half
from the perpendicular.” Then & speatator
move gently round tle globe, keeping his eye in
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the plane of the horizony while the globe is made
to re\rolve&'ateadily upon its axis, the variation in
the size of*the spvt, the change of its velocity,
and the varieties in the figure of its path, will be
pleasingly, and naturally represented.

By carefully observing the time which intervenes
between a spot’s disappearing on the western limb
of the Sun, and its next subsequent disapptarance,
the period of its apparent revolutien will be ob-
tained, which is found to be twenty-seven days, seven
hours, and thirty-seven minutes. As.the Earth,
however, revolves round the Sun in the same direc-
tion (as will hereafter be shown), it is evident that
the #pot must, during this time, have performed
sométhing more theh a complete revolution, and
consequently that the true period of the Sun’s
rotation on his axis, is s«:ﬁigg less than the
time ‘indicated by the apparéit motion of the spot.
Fo' understand  this, let ABCD, fig.9, be a
section of the Sun parallel to thé ecliptic E F GH,
when. the Earth is at E, the visible hemisphere of
the Sun-%"A B C, A being ifs eastern, and C its
wesigrn iBb. Let us’suppose that when the
Earth has just arrived at E, a spot vanishes behind
thewestern limb of the Sun at C; in twenty-seven
days, seven hours, ghirty-seven minutes, from that
time, the spot hu;%ebeen carried round, accord-
ing to the order of the letters, by the Sun’s gota-
tion, will again disappest’ behind his western limb;
but the Eaith; digisg that interval, having advanced
in her orbit g E tg.e, the visible disc of the
Sun is now B'GiD, ‘end D its western limb; so
that the spot witich et but from C, has, dufing
twenty- seven days, seven hours, and thirtyseven
minutes, performed one ﬁhole revolution, and the
part<C D, of anothe&k ow the angle DS L, is
equal to the angle E S%, cénsequently, the time
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in which ¢he Earth has completed one revolution,
and the part Ee of a revolution, will be to the time in
which it coinpletes one revolution, as the time in
which the spot-has performed one revolution, and
the part C D of a revolution, is to the time in which
it performs a revolution only, or to the time in
which the Sun revolves on his axis. But the time
which the Earth has occupied- going through
the part E ¢ of a revolution, is 27 5oays, 7 hours,
and 87 minutes, and the time in which it performs
a whole revolution, is 865 days, 5hours, 48 minutes;
theréfore, 27 days, 7hours, 87 minutes, + 365 days,
Shours, 48 minutes = 892 days, 15 hours, 25 minutes,
is to 865 days, 5 hours, 48 minutes, as 27 days,
7 hours, 87 minutes, is to a'4ourth proportional,
.which will be found to be 25 days, 9 hours, 56
minutes, the time efthe Sun’s rotation on his axis.
The above proportion will be found sufficiently
exact for all general purposes, but is not strictly
accurate, the arch CD being measured on the
ecliptic, instead of the Sun;'g equator; there is also
some inaccuracy arjsing from the Earth’s real
motion not being performed equably in a true
circle; the error is, however, too trifting to mluire
any farther notice. Without, therefore, dwelling
any longer upon the motions of the solar spots,
let us proceed to consider the spots themselves,
and othe solar theories -to which they bave given
rise' : PR k. ’

It is the general opition, ‘that/Galiles’ was the

first who discovered the spots's Sim, in the
beginning of the yesr 1811."  Scheingry however,
whb was r of Wsthematicy st'b t,
seems to have made a similar disco¥ery abodt: the

same ‘time ; which of these obserwars. had the first
view.of the solar spots, becaslie a matter of contro-
versy between them. Scheiner continued his observ-
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ations from 1611 to 1629, during which period
he never found ‘the Sun clear of spots, except a
few days in December, 1624 ; at other times, he
frequently saw twenty or thirty at .a time, and in
1625 upwards of fifty spots were visible at once.
Besides the macule, or dark spots, Galileo like-
wise perceived upon the disc of the Sun faculee,
or luculi ', whigh are spots brighter than®the rest
of his surface, an®which move inethe same man-
ner as the dark spots. From 1650, to 1670,
scarcely any spots were to be seen, and from 1676,
to 1684, the Sun appeared totally without Tpots.
Since the beginning of the eighteenth century,
scarcely a year has passed in which spots bave not
been visible, and frejuently in great numbers.
The solar spots are, for the most part,d of an
irregular form, varying both j sition an -
nitn%l:. They in ;yenegral conﬁ?stpgf a dark spn:g,
or nugleus %, surrounded by an’ umbra?, or fainter
shade; the boundary between the umbra, and
nucleus, being always distinct and well defined:
that part of the umbra nearest the dark nucleus,
is generally brighger than the more distant por-
tions. It iswremarkable, that, however irregular
the dark nucleus may be, the outline of the umbra
is always curvilinear, without any angles or sharp
projections. The spots on the Sun are not per-
manent ; some continue several days, weeks, and
even months, together, while others appear and
disappear, in the course of a few hours. Hevelius
observed was. lost in sixteen or seventeen
hours after i first formation. Thase spots that

are uull{ fnenegd, are mostly-as” gradually
dissg;:g; whilst those which are suddénly pxo-
1 From Mur lycis ¥ght.
¢ From nuclenis a kernel.
" 3 From umbra .EhacWor shadow.
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duced, geperally vanish as abryptly. Wien any
spot begu‘wﬁm dilaté or cont J'the effect takes
lil{‘oe on th& yucleus, and umbra, at the same time.
e nucleus of a spot, while on the decrcase,
suffers a gradual change of figure, by the umbra
: ing upon it, whereby the boundary be-
tween them is per‘)etually varying; and it fre-
ently® h ns, that, b£ thes chment of
e umbra, themnucleus is divid® 1 two or more
nuclei. When the spot disappears, the umbra
continues visible for a short time after the nucleus
has Vanished. e umpra is generally succeeded
by a facula, or minous¥spot ;' when that is ‘not
the case, the place it occupied resembles the other
portions of the solar surface.*, Large umbra, are
-seldom seen without a nucleus in their centre, but
small umbree, frequently appear by themselves.
The various conjectures relative to the nature
and formation of the solar spots, “.of the Sun
itself, to which the foregoing veryt.curious facts
have given rise, are too numerous to admitf of being
fully described, and many of them too frivaloys to
be even mentioned, in a work, erit-of which,
is intended to consist less jn the igwestigation of
abstruse theories, and unprofitable speculations,
than in the solid instruction its pages may contain.
Passing by, therefore, a host of &?inions, which
tend, rather to display the folly, or the temerity, of
those by whom tl:;y were promulgated, than to
shed the least ray ight upon the subject they
attempt to illustrate, 1 shall give a very
concise account of those which, the popu-
larlty tieéy have obtained, or the acknowledged
cdlebrity of the perspns by whom they were pro-
possd, and the evidence by which they are sip-
ported, appear to be best entitled to our m,-
ation.
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Sch r, one of, the first observers of the solar
spots, did not suppose them to adhere to the Sun,
but imagined them to be planets reyolving round
him, like Mercury and Venus, in orbits not very
remote from that fuminary.

Others have imagined that they are occasioned
by the smoke, and bituminous matter, cast up by
the immense wes or burning mountafns, wi
which they suppo# the nucleus or body of the
Sun to abound ; and that as this matter is grsdually
chansed, or consumed, by the luminous fluid sur-
rounding the nucleus, the'gpots disappear till tresh
eruptions take plate anfl producg similar pheno-
mena.

An opinion, whiah seems to have been more
generally received, is, that the Sun is composed of.
an inflammable @uid matter, in a continual state of
ebullition, whereby the scoria, or dross, consisting
of the more parts, being carried up to the
surface of the #uid, swim there for a time, exhibit-~
ing all those various appearances which we see in
the solar :hpots 5 and, at last, being entirely dissi-
pated by the contigual rapid motion of the fluid,
are tonsumed-théreby, or sink to the bettom and
disappear.

Some have thought that the Sun is an.opaque
body, immersed in a luminous fluid, that it is
mountainous, and uneven, like our Earth, and that,
by the ebbing and flowing to which they suppose
this luminous fluid to be subject (after the manner
of our tides), the tops of the solar mountains being
sometimes left uncovered, present a black'
ance, angl- foim the nucleus of the spot, ‘while the
umbrg by which the nucleus is generally surround-
ed - has béen, by some qf the favourers of this
hypoth ascril toaekind of foam created by

- <9

o
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the obstruction these eminences offer to the action
of the fluid, .and by others imagined to be those
parts of the opaque mass which lie only a little
below the surface of the igneouns matter.

. Dr. Wilson, from observations upon the great
‘gpot whieh appeared in November, 1769, asserts
the solar sggts to be depressions in, rather than
&levations above, the surface of theSun ; and that
the black nuckus’of every spot; is the opaque body
of the Sun seen through an opening m(ll\is lumi-
nqgg atmosphere’, the umbra being the shelving:
or sides of these excavgtions. This theory is de-
duced from the following facts! When any spot i~
about to vanish behind the western limb of the Sun,
the eastern portion of the ufabra first contracts in

= its width, and then disappears; after which the
nucleus gradually contracts and vanishes, while the
western portion of the umbra still continues visible.
‘When g spot eomes into view on the eastern limb,
the esitern portion of the umbra first becomes
visible, the dark nucleus is next seen, ‘#nd, lastly,
the'westera part of, the umbra makes its appear-
ance. 'When two spots are very near to each other
the umbra of the one spot . is cient on the side
next the other, and if one of the spots be much
larger than theether, the umbra of the largest will
be com letelyh%i‘l;‘; on the side néxt the smaller.
If she Ku'ge‘ ‘spot small ones.on each side of
it, its umbra, instead of entirely vanishing, appears
flattened and compressed toward the nucleus, but
expands agdin as soon as the small spots. disap-
pear m'whichy:Dr. Wilson infers that the west-
;\ﬁ. guch . ol‘:“h mall myh;ppens oo
eus, when a s to e on

thmternsideofit. ¢ lpot . e

L

t From arpos fapoasgmnd mpalphere.v Bl
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The solar observations of Dr. Herschell, al-
though they have been partially described in most
of the modern treatises on astrondmy, are too
important to be passed over in silence, since the
unremitting attention bestowed by him upon this
subject during the long period of fifteen years, and
the very powerful telescopes made use of by that
astronomer, have cnabled him to bring to light.a
number of curious particulars relatiye to the spots,
and to deduce a theory of the solar phenomena,
which, if not altogether free from difficultie$’ and
objectidns, seewns at least to demang as few cofes-
siorfs as any which*has hitherto bé€n proposed for
our acceptance.

He considers the |acid matter of the Sun, neither
as a liquid substance, nor an elastic fluid, but that_
it consists of luminous clouds, floating in his at-
mosphere, and that what has been denominated the
nucleus of the spot, is the opaque body of the Sun,
viewed through openings in this atmﬂeg& To
those phenomena before known by the names of
nuclei, umbree, facule,"luculi, &c. he has given the
more approE:liate and expressive denominations, of
openings, shallows, ridges, nodules’, corrugatidns?,
indentations, end pores.®

Openings are those appearancesgip which, by the
removal of prt of the luminoug.gigads,
body of the Sun becomes wisibi8s 4
have a difference of colour, Wiagh appears
caused by a thin veil of lumingps clquds hovering
over theni,. Large apenings are usnally sugrounded
by shallows, but small ones egmmonly have none;
ridges and nodules also ge A

] nodulns a little knot.
s From Yorrygo towrinkle.o .. .futh
;&W mﬁapm-sef-pmm «.spinacle of the

c i
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‘When openings are about to decay they ver
ofﬁ:n divide, and aregstmetlmes converteg mtg largi
mdentntnons,wmtb or without pores, and not unfre-
ttnently into pores. When an ng disap

e surface becomes unusnaﬂy lstu 8;:::-
ings are supposed, by Dr. Herschell, to be pro-
duced by an elastic issuing from the body or
nticleus of the Sun, t rough the minute pores, or
smaller openifgs. By this gaseous stream, the
equiljprium of the luminous matter being dis-
tur]gd, and the clouds, of which he suppoaes it to
consist, bein, %ven out of the way, an aperfure
is formed, h which the body of the Sun is
exposed to uew

Shallows are places whencésthe luminous clouds

~of the upper regions are removed, and are there-
fore depressed below the general level of the solar
surface. The depth 1;‘:‘0 the shallows 1;: \l'lslble,
they generall in from openings which the
% myd Egm these mrom;‘:lmdg shallowyc
bran uently proceeq extend in various
'ﬂlrectmm,&:%meuglqs running into each other, at

others going forward, or and uniting
again wsl:l’! the o m’a.l 5 m
in the form and du'ectlon of the shallows are to be

attributed to the:same cause as oluch ly Wm
them, v1z. w issui

the open ﬁm tE”, mon’s clouds from
b’ whendii# meets the least resistance, or
dxssolvel dlem some iar
Rldp are mmpec:l or Knvm& of the
luminduis clonds  above the general surface of




LECTURE II. 29

rally dispersing very soon after their first form-
ation. .
Nodules, formerly called faculee, qr luculi, are
small brilliant and highly elevated parts of the
luminous clouds: these being never seen near the
middle of the Sun’s disc, Dr. Herschell supposes
that they may be ridges fore-shortened by their
oblique position on the spherical surfice with
regard to the spectator. -

rrugations consist of small elevations and de-
pressions of the luminous matter, by which they
pregent a mottled appearance of;dark and*light
places : the dark parts appear lowét than the bright
ones, and are of no regular form, but seem to
shoot out in variousdirections. The corrugations
pervade the whole of the Sun’s surface, and, undei=
favorable circumstances of atmosphere, are as dis-
tinctly percg):ible as the rough surface of the
Moon : as they are produced by the dispersion
of ridges and noduu:les, itis notfwonderﬁll%t thdeér
undergo a perpetual change of shape, magnitu
and pggitiqn, and bet!:; nothing else than other
phenomena in a state of decay, they (as may be
expected) increase, diminish, divide, and vanish,
very rapidly.

dentations are the dark parts of corrugations,
and, consequently, like themy: extend over the
whole’ surface of the Sun; they are evidengly of
the same nature as shallows, and are probably not
much depry below the general surface of the
luminousclouds ¢ lirsometimes contain minute
openi and not ‘unfrequently-become. opepings
themselves, With a telescopiéof emall piiveer they

ADRSO
3
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tions; théy sométimes incrense and become open-
ings, and uently vanish in a short time.

the diversified appearance the surface of
the Sun presents, the nuamerous elevations and de-
pressions of the lucid matter, the long continuance
of many of the phenomena it exhibits, and the
uniformity of colour observable in the shallows,
tBe Doctor concludes that the Sun consists of a
dark solid nuéleus, surrounded by two strata of
clouds; the outermost of which he conceives to be
the.grand depository of that light and heat which
are so copiously.diffused through our system, while
the interior stratum is intended to protect the
inhabitants of the Sun from the destructive effects
of the fiery clonds with which' they are surround-
ed. That the dark nucleus, or solid body of the
Sum, is a habitable globe, he infers from its simi-
larity to the other bodies of the planetary system
with regard to its solidity, its atmosphere, the rota-
tion upen its axis, and the fall of heavy bodies on
its surface; analogies so striking, that he considers
the Sun (to use his.own words) ¢ to be nothing
else than a very eminent, large, and lucid planet,
evidently the first, or rather the only primary one,
of our system, all the rest being truly secondary
to it.” -° .

* The opinion of D Herschell, that the Sun is-a
habituble globe, is op?osed by Dr. Brewster, who,
notwithstanding, considers that many of the import-
ant conclusions drawn by Dy, Herschell from his
very accurate observations ¥ nevertheless, cor-
rect, i-& erefore agrees with that astronomer
that the iz;_hlg mat¥er of ;he iun is 1ltot a fluid,
but a {pass of luminous or oric clouds sur-
rounding the solid nucleus gr-?gaque glolie of ‘the
Sun;‘but, instead of osing this nucleus 6 be
prepared for the receptiontof iniabita.nts, be rather
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ines it to be the magazine from whieh the heat
ischarged,  while the luminous matter which
that heat freely pervades is the region where its :

ight is emted[:e thus making the interior globe
of the Sun to take a capital part in the production
of the solar heat. Dr. Brewster supports his
theory by very plausible ments, opposes -
very weighty objections to that of Dr. Herschell ;
some of which, however, seem to h&ve been antici-
pated, and satisfactorily disposed of by the Jatter
gentleman : it must, however, be acknowledged,
thag Dr. Brewster’s theory seems to be, on the
whole, the more ably supported. ~
The light of the Sun has been found, by Bou-
guer, to be more intense at the centre of his disc
than towards the limb, the very reverse of whas=
might have been expected. For the Sun being a
globular body, any portion of his disc evident]
subtends a larger angle at the centre than when 1t
is carried round to the limb: as, therefore, under
the same angle, a much larger portion of the Sun’s
surface is comprehended when taken at the limb
than at the centre of his disc, the intensity of the
light ought to be increased in the same proportion.
In order to account for this difficulty, astronomers
have ‘supposed the Sun to be surrounded<dy a very
dense atmosphere, througl* which the rays that
proceed from the limb, having to pass in « emore
oblique direction than those from the centre, are
proportjonably weakened and dissipated. The lu-
minous aurora, which appears to encircle the Sun’s
disc in' total eclipses, seems to render it extrervely
probable that he has such an atmosphere. | °
Another very curious phenomenon, usuglly as-
cribed to the atmosphere surrounding the Sun, is
. the!&Bmita luminosa, or, the luminous pathy now
better known by the name® of the zodiacal light.
‘ Cc 4

im
I
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This lights which is seen, at certain seasons of the
yeng a little befére the rising, or after the setting
of the Sun, resembles the faint light of the milky
way, and is so extremely rare, that the stars are
visible thrmﬁh it. Itis of a pyramidal form, hav-
ing its base always turned towards the Sun, and its
axis inclined to the horizon. The angle at the
vertex varies from about 10 to 26 degrees, and its
length, counting from the Sun as its buse, from 50
to 143 degrees. By the very rapid rotation of the
Sun_about his axis, it is obvious that the centri-
fugal® force of his equatorial parts must be very
great; whereby the parts of his atmosphere, im-
media above his equator, will be thrown eut to
a considerable distance from* his surface, while
~hose parts about his polar regions will undergo a
correspondent depression, and a lenticular figure,
resembling that already described, will be pro-
duced. The obliquity of the zodmcal light will,
therefore, vary with the obliquity of the Sun’s
equator to the horizon?, agd, from the circum-
stance of its being most distinetly seen in spring,
when the Sun’s equator forms the greatest angﬁe
with the horizon, this theory would appear to
receive a confirmation almost amounting to cer-
tainty. ‘Che variation, however, in the length of
the cone, and, above-#l, its extreme elongation,
which La Place has shown far exceeds the pos-
sible limits of the Sun’s atmosphere, are objections
so serious, as to leave it very doubtful wllet.i:er the
true cause of this phenomenon has yet been dis-
covereds Cassini, the first person who seems to
haveé made any particular observations upon this

v Frofh centrum the centre, and fugio I fiee. The centri-
fugal force is that force by which all bodies revolving round a
centre éndeavour to fly off in tapgent lines. _ A

. ¢ From épiwto limit, The line that terminates the view.
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singular appearance, at first supposed it to be
caused by an immense number of small planets
circulating round the Sun within the orbit of
Venus; but he seems very soon to have aban-
doned this solution for the more probable one of
its being caused by an emanation from the body of
the Sun, intimately connected with the solar spots,
as he always observed it to be most brilliayt,
when the spots were most numeroug.

In concluding this account of the Sun, it may
not be amiss to observe, that the character®made
use of by astronomers to represent this lunsinary
is supposed to be the picture of a buckler, the
centre of which represents the umbo, or boss; and
the Persians are sgkl to call the Sun by a name
which siguifies a buckler. The use of characters_,
to represent the heavenly bodies appears to be of
areat antiquity, and has been supposed to have
originated with the professors of judicial astrology,
who are said to have adopted them to give an air
of mystery to their writings. 1 am inclined, how-
ever, to think, that the use of hieroilyphics among
the eastern nations in generaly and the Egyptians in
particular, sufficiently accounts for the introduction
of these symbolical characters.
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LECTURE IIL

PARTICULAR V1EW ©Ff THE BODIES COMPOSING THE
PLANETARY SYSTEM CONTINUED. — OF THE PRI-
“MARY PLANETS.— THE MINOR PRIMARY PLANETS.

Mercury %,

TuE nearest planet to the Sun was, by the Grecks,
called oria€wy (stilbon), in allusion to his extreme.
brilliancy, which exceeds that' »f any other planet.
«,This word is generally supposed to be a translation
of his Chaldee name, which is not now known.
On account of his very swift motion, by which he
is carried round the Sun at the mean rate of
109,442 miles per hour, he was considered the
messenger of the gods, and was by the Romans
called Mercurius, the character by which he is
denoted being a representation of the caduceus, or
golden rod, said to have been presented by Apollo
to that deity.
Being so very near to the Sun, Mercury emits
a remarkably brillian@ white light, and twinkles
like ,the fixed stars, but affords very few oppor-
tunities for observation, and, consequently, novery
interesting discoveries have been made respecting
this planet.

"Mercury is about 3224 English miles in diame-
1er, and revolves round the Sun in 87days, 28 hours,
15 minutes, 43-6 seconds, at the distance of about
37 millions of miles from_that luminary. When
examined with a very powerful telescope, it exhibits
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nearly the same phases ! as the Moon, heing some-
times horned, sometimes gibbous, and sometimes
nearly full. By observations on the daily change
of appearance m _Mercury’s horns, its diurnal rota-
tion is found to be performed in 24 hours, 5minutes,
and 28 seconds. Schroeter also detected spots,
and even mountains, in Mercury, and succeedéd

in measuring the altitude of two of them, one,of

which he found to be ten miles angd three quarters
in height, being almost three times as high as
Chimborago, the loftiest mountain upon our ¥arth.
The highest mountains are in the southern iemi-
sphere of Mercuty. L

Fenus g

Is the next planet to Mercury in the system. In
that situation in which she is seen to the west of
the Sun, rising before him in the morning, she
was, by the Greeks called ews@ogo; (eosphorus),
the morning star, and puwa Pogos (pﬁosghoros), the
precursor of day; when she set after him she was
called éowegos (hesperos), or the evening star. In
the” former case, she was by the Romans deno-
minated Lucifer, and in the latter, Vesperus.
Among the eastern natiogs she was worshippgd
under various names, and is supposed to have
been the first planet to which divine adoration
was paid. The astronomical character of this
planet is said to be a looking-glass with:a handle,
such being the form of those used by the ancients.

The diameter of Venus is 7687 English miles,
and it revolves round the Sun, at the distance of

From ¢dais o c‘e exhibited by any body in its ehangés
as that of the Moon. * ’
cé6
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about sixty-eight millions of miles, in 224 days,
16 hours, 49 minutes, 10'6 seconds.
. Venus, when viewed with a good telescope, ex-
hibits the same variety of phases as Mercury, and,
like that planet, is never seen very far from the
Sun, although, at ber greatest distance, she is
about twice as far from him as Mercury, when in
a gimilar situation. Spots have likewise been per-
ceived upon thijs planet : they seem to have been
first discovered in the year 1665. In 1667 Dom.
Cassitii, from observations made by himself upon
a bright spot which appeared upon Venus, sup-
her- xotation to be performed in rather
more than 28 hours ; this result he obtained from
observing that the spot, in'ghe course of 24
hours, was advanced about 15° upon her disc,
and he concluded that it had, during that time,
performed one complete revolutign and 15° of
another.

In 1726 Signior Branchini commenced a- series
of observations upon this planet, from which he
determines the inclination of 'her axis to the plane
of her orbit to be 15% and that the north pole
of Venus inclines toward the 20th degree of
Aquarius. Although this astronomer made sbme
very curious observations upon the spots of Venus,

et they do not appear to have been continued
{ong enough at any one time to detect a sensible
change of place in any spot during the, time of
observation; but in the interval of two and four
days he feund the same spot so far advanced from
its origipal position, as to warrant the conclusion
that it moved on the disc of the J)lanet at the rate
of about 15° in a day. This, indeed, would show
that Venus revolved on her axis in about 24
days, but it would not ptove that this observed
revolution was not an excess of one revolution,



LECTURE I1I. ‘97

over and above 24 other revolutions, ,which she
might have performed during that time ; for if at
any given time the situation of a spot on the disc
of a planet be accurately determined, and in 24
hours after this spot be found to have advanced
15° from its first position, it would not be possible,
from such observations, to determine whether the
spot, during that interval, had moved forward ogly
15°% or whether it had performed one complete
revolution and 15° of another. Branchini, there-
fore, perfectly agreces with Cassini that the®spots
which are seen on Venus advance about 15%in 24
hofirs, but concludes that this is the whole advance
snade by those spots in that time, and asserts the
true time of the rogation of Venus to be 24 days
S hours.

Dr. Herschell has also observed spots upon
Venus; he likewise remarked an excess of bril-
liancy about the limb of Venus which resembled
a narroew luminous border, and that from this
border to the terminator, or line which divides the
illuminated from the® dark part of her disc, the
light appeared to suffer a® gradual diminution.
From these observations the Doctor infers that
Venjis is: surrounded by an atmosphere which,
like our own, he supposes dense enough to reflect
and refract light copiously in all directions, and
that, consequently, on the border, where ye‘have
an obli view of it, there will be an increase of
this luminous appearance. He could, however,
never perceive any raggedness in the terminator of
Venus, nor any phenomena which denated the
existence of mountains, or by which he ceuld
ascertain the period of her rotation, and the posi-
tion of her axis. .

M. Schroeter, from a1ong course of high,ly in-
teresting observations wpoms this planet, has suc-
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ceeded in determining the atmosphere and twilight
of Venus, measuring the height of several of her
mountains, and ascertaining the time of her diur-
nal rotation. From the appearances exhibited by
the cusps® of this planet, he has calculated the
dense part of Venus’s atmosphere to be about
16,020 feet high, and that it is more opaque than
that of the Moon; he also supposes the density
of her atmosplere to be the reason why we do
not perceive those varieties on her surface which
are so visible on most of the other planets. Her
twilight is 2-25 seconds broad ; and by the regylar
recurrenceof certain phenomena, he has determined
the revolution of Venus on her axis to be per-
formed in 23 hours, 20 minut:s, and 54 seconds,
«completely confirming the rotation ascribed to her
by Cassini. The mountains of Venus, like those
of Mercury and the Moon, are~highest in the
southern hemisphere. On 25th January, 1672,
and 28th August, 1686, Cassini imagined he saw
a satellite near Venus having the same phase as
the planet: several, other astronomers, among
whom are Short, Baudouin, and Montaigne, have
imagined they saw Venus attended by a satel-
lite: they are, however, generally to
have been deceived by an optical illusion, as no
such phenomenon was witnessed during either of
the ty-o.last transits of Venus over the Sun’s disc.
The Earth is the next planet in th#system;
but as the telescopic appearances of these bodies
form the main subject of the present lecture, with-
out any particular reference beinﬁi intended to
our‘own situation on the surface of this globe, and

1 'Fr;m cuspis the point of & spear or other weapon. The
point or horns of thgoMoon,‘g planet, &c. are called the
cusps, '
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as the magnitude and figure of the &arth, the
nature of its atmosphere, &c. are immediately-de-
duced from the phenomena exhibited by the hea-
venly bodies, as witnessed by an inhabitant of it, I
<hall reserve these subjects to be discussed in their
proper place, and proceed to speak of

Mars 2,

The next planet, exterior to our Earth, In the
sygtem.  The ancient Greck name by whfch he
was diﬂinguished‘is #ugoess (pyrois) fiery, and most
of the other ancient names of this planet appear
to have nearly the dame meaning. His astrono-
mical character is a dart and buckler.

The diameter of Mars is 4189 English miles,
and his distance from the Sun, round which he
revolves in 686 days, 28 hours, 30 minutes, 356
seconds, is about 145 millions of miles. This
planet is distinguished from all the others by the
singular redness of his light, which has been
attributed, by astronomers, to the extraordinary
deu’ﬂ:-y and extent of his atmosphere, and may be
explained uwpon the same principles as the red
appearance exhibited by the Sun, Moon, and Stars,
when near the horizon. .

The particles of light, not being all of the,sam
magnitude, will not ﬁe all refracted in the same
degree; for it is evident that the momentum of
the largest particles being greatest, they will force
their way through a resisting medium with more
fucility than the smaller particles, whose momentum
being less, will of course render themn more liable
to be ?I‘;;m?e'd frox:d' th"fir wectilinear direction.” N;:w
it has v repeated experiments, that
the violet-coll)::lred ra);'s' ar® the smallest, or most
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-
refrangible,; the indigo, being next in size, are
less,retrangible than tﬁe violet; the blue than the
indigo; the green than the blue; the yellow than
the green; the orange than the yellow; and the
red, which are the largest of all, are less re-
ﬁ-m:gihle than the yellow, or the least refrangible
of the whole. In the light, therefore, emitted by
any luminous body when it arrives at the eye, the
red colour, or (hat of the least refrangible rays,
must of course predominate ; and this colour will
increase with the number of violet rays which have
been ‘obstructed in their pussage. Now Mars is
ascertained, by the diminished lustre of the fixed
stars, when even at some distance from his disc,
to have an atmosphere of very great density and
gxtent; and as the light by which he is illuminated
has to pass twice through his atinosphere before
it reaches our Earth, it must be deprived of a
great portion of its violet rays, and consequently
exhibit to us a very red and gross appearance. As
this will also be the case with every luminous
object seen through a mist of cloud, we may form
some conjectures of ‘the comparative extent or
density of the atmosphere which surrourgeithe
different planets, by the redness of the light'they
cmit. . o
. The very diversified appearance of Mars, when
vieweql through a good telescope, has rendered it
an object 0‘8 great interest to astronomers. Ac-
cordingly, we find that observations of consider-
able importance were made upon this planet soon
after the invention of thet instrument. So early
as the year 1665 Dr. Hook perceived upon the
disc of th‘{s ‘mett.h a c:}t:siderab}_e number i:f dark
spots, wnd from the chapges o ition he wit-
nessed in them, he supposed ;hzzamto perform a
rotafion once or twice in 24 hours. From observ-
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ations made upon Mars about the sawme time at
Rome, the period of his diurnal revolution was
tixed at 18 hotirs : this decision is, however, ‘cen-
sured by Cassini as premature, who, although he
discovered that the spots in 24 hours, 40 minutes,
returned to the same sitdation, yet he could not.
at first, be positive whether in that time they ha

performed one or two revolutions. From more
accurate subsequent observations, hewever, Cassini
determined that the rotation of Mars was performed
in 24 hours, 40 minutes, and supposes thdt the
errgr of the Italian astronomers arose fron? the
great similarity of the spots on the opposite sides
of this planet. ’

The same results'was obtained by Miraldi in
1719, although in the year 1704 he had deter-
mined the period of this planet’s rotation to be
24 hours, 89 minutes; he also observed that the
spots were not always well defined, and that the
frequently changed their form. Besides the dar.
spots, this observer likewise particularly remarked
the luminous zone round the south pole of:- Mars,
and which he asserts had been noticed by astro-
nomfngsfull 60 years before. One part of this
lumin#us segment is brighter than the rest; the
least btight part undergoes great changes, and has
sometimes wholly disappeared. This spot, when
most brilliant, appears to project beyond the gther
parts of his disoy as if it were a portion of a larger
ﬁobe exactly resembling the bright part of the

oon shortly after her conjunction, when the dark
part of her disc.is very flintly enlightenedsby the
Earth, and may evidently be accounted for in°the
same manner. A like luminous zone has been
observed in the north polgr regions of this planet.
Qbsexrvations upone these bright-spots were made
by Dr. Herschell, from 177% to 1788, an account
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of whichs illustrated: by a great many figures,
exhibiting the appedifance élgr rs at different
times, has been given by him in th& Philosophical
Transactions. From these observations, he con-
cludes that the bright polar spots of this planet
are produced by the reflections of the Sun’s light
from its frozen regions, and that the melting of
these masses affects those varieties in the magni-
tude and appedrance of the spots which are con-
tinually taking place. From the motion of its
spots i)r. Herschell has found that the diurnal
rotation of this planet is performed in 24 honrs,
39 minutes, 213 seconds.

From Mars having no satellite, and its appear-
ing to require such an attenflant, M. Fontenelle
~has suggested the probability of this planet being

phosph t, giving out during the night the
light ich it had imbibed in the day.

Jupiter 1,

The next planet in the system to Mars, was by the
Greeks called Zevs (zeus), usually said to ‘be de-
rived from e (zeo), although this pl b
no means remarkable for heat. His anciel Greex
name @aebwy (phaethon) is taken from his bright-
ness+ The character by which astronomers represent
this planet is a zeta, the first letter of his L
name, with o small line drawn through it as a ¥ign
of abbreviation.

Jupifer is the largest®planet in our system, its
diatheter being 89,170 English miles. He performs
his periodical revolution in 4332 days, 14 hours,
27 minutes, 10°8 seconds; at the distance of 494
millions of miles from the Suts and revolves on
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his axis in 9 hours, 55 mi 49 seconds. The
most striking guliarities bited by this planet,
when examined with a powerful telescope, are
belts, or lar stripes, extending across his disc:
though subject to considerable variation in num-
ber, breadth, and position, yet they are found,
for the most part, parallel to the equator of Jupiter,
and to each other. Bright and dark spots are also
frequently visible in these belts. A% some of these
last revolve with greater rapidity than others, it
may be inferred that they d‘:) not all adhere to
thes body of the planet, although some of them,
which, after disappearing for a certain time, re-
appear again in thg same form and position, may
be considered as peranent upon his surface. The
spot first discovered by Cassini, in the year 1665,
and from observations upon which he concluded
the rotation of Jupiter to be performed in 9 hours,
56 minutes, seems, by its long continuance and
frequent re-appearance in precisely the same form
apdaposition, to be of this kind. The form of
ts, their difference «of colour, and the
piages which are so frequently taking place
in “thef, Dr. Brewster very plausibly accounts
for,' Mg suppdsing that the atmosphere of Jupi-
ter reflects more light than the body of the
planet, and that the clouds of which it is comr
posed, pamkingof the great velocity of its
nal motion,” are -into strata, accom-
pariiéd by regular interstices, through which the
opaque body of Jupiter, or any of the permanent
spots, whigz happen to“tie immediately Beneath
the opening, become visible.
Jupiter (a&'has been noticed in enumerating
the bodies which compose the planetary system)
is always accompanied by fopr satellites.  * -

Brre
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Sopurn 1,

. The most remote of the ancientlydi;':‘.overed planets
from the Sun, was called by the Greeks ¢avav
(pheenon) appearing, or shining, and xgovos (cronos)
time : the former appellation he is thought to have
received from his being less frequently hid by the
rays of the Sun than any other planet known at
the time he was so named, and the latter from the
slowness of his motion. The character by which
he is ‘represented is a scythe.

TlLis planet is 79,042 English miles in diameter,
revolving round the Sun in 10,759 days, 1 hour,
51 minates, 11°2 seconds, at the distance of about
906 millions of miles. Sathrn, like Jupiter, is
attended by a number of satellites, but its most
singular appendage, and that by which it is chiefly
di ished from all the other planets, is a lumi-
nous ring which encircles his body, and may be
classed among the most curious astronomical phe-
nomena with which we are acquainted. ileo
was the first who discovered any uncommon
pearance in this planet. Very soon r t
invention of the telescope, he observed ludil
bodies of an irregular form on each side of S&jurn,
which he called Sm anse, or handles, of the planet.
By the aid of more impraved instruments, and by
combinjng the variatioi;; observable in t:}ese lumi-
nous appearances with.the position. of Satugn
relatively to the Surl.and Earth, Huygens thad
the merit of discovering that he is s~
a broad thin ring. . Thizing casts & wsep shadow
upon the planet, the spagn;gtw«m rich and the
ring is ratlrer more than equel 40 'the breadth of
the ring itself. This ring, although it rs,
whéii viewed through a telescope: of m e
power, to be one solid inass, yet with very ex-
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cellent instruments is fouu& to be composed of
two concentric Jinﬁ, having"a space of 2927 miles
between them.’ Mr. Short, with a telescope of
very high magnifying power, observed the surface
of the ring divided by several dark concentric lines,
and supposes them to indicate a number of rings
proportional to the number of dark lines which
ie perceived. I'rom the ring appearing to be
more luminous than Saturn himself,® Dr. Herschell
concludes that it is an opaque body equal to the
planet in density : he is also of opinion thqt the
edge of the ring is not flat, but of a spheroidal
form; and from observations upon certain luminous
points which appearfd near the extremity of the
arms, or answ, of the ring, to which they were
found to adhere, he has ascertained the rotation
of the ring to be performed from west to'east in
about 10 hours, 29 minutes, 17 seconds, round an
axis perpendicular to its own plane, and passing
through the centre of the planet.

One of the ansge has sometimes disappeared
while .tlh:) other l‘1‘::1maf§ned visible ; tlllle two(l axl]lsm
have a) of unequal lengths, and the
have#€ven m\seen eomegletely tached fron)n'
the planet, and unequal in size; from which ob-
servations it has ‘been inferred, that there are
irregulgrities on the 'surface of the ring which pro-
ducg. 3k na.’]La Place considers ssuch
i ge -absolutely- neces to preserve its

uwlrigh wise would be subject to
from"the slightest external force, such
as thif attraction of a playtt, or comet, which, for

want of this self-adjusting principle in the rin
might be sufficient to precipitate it upon the ;v

of the planet. )
According to Dr. Herschell, the inner diafeter
of the smaller ring is 146,945, and its outer dia-
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meter 184,393 miles; the inner diumeter of the
larger ring 190,248 miles, and its outer dinmeter
204,888 miles. Hence the breadth of the inner ring
is 19,024 miles, that of the outer 7317-5 miles, and
the vacant space between them is 29275 miles.
The outer diameter of the larger ring is therefore
almost twenty-six times the dinmeter of the Earth.

. The surface of Saturn, like that of Jupiter, is
diversified witk dark and bright belts, and spots :
the belts of Saturn are nearly parallel to his
equaftor, and generally occupy a broader space
upon his surface than those of Jupiter do upon
the disc of that planet. By changes in the posi-
tion of dark spots, seen by Dr. Herschell upon
Saturn’s disc, he has ascertained his rotation to be
performed in 10 hours, 16 minutes, 2 seconds,
round an axis which is perpendicular to the planc
of the ring. The ring of Saturn, therefore, re-
volves in nearly the same time, and round the
same axis as the planet.

Uranus Y.

This planet is the most remote in our system, to
which it may be considered Eﬁe late acquisition,
baving escaped observation Qll e year ] 781, when
it was discovered, near ghe fodt of Gemini, by

Dr. Herschell, who pamed it the Georgium S,
or Georﬂ'nn Star, m“m to.bisimunifice
patron, King GeorgeIlL; it is;; hawevet, .geher-

ally known on the: ent. by. the pame of its
disyaoverer, or by that . ef, gk, Uranus,
which, in the heathen i the

fpthet of Saturn, whose orbit 1t" mncludes in the
same, way that the orbit of Seturn ingludes the
Oibit of Jupiter, his reputed son. The -existence
. 17



LECTURE I1I. ‘-7

of a planet exterior to Jupiter and Sgturn, had
been conjectured from certain disturbances in their
motions, which could not be otherwise accounted
for ; but the merit of the discovery belongs entirely
to Dr. Herschell. The astronomical character of
Uranus is an H with a globe or planet pendant
from it.

This planet, which is 85,112 English miles jn
diameter, is 1822 millions of miles distant from
the Sun, and revolves round that luminary in
30,787 days, 18 hours. It had been observdd by
Flamstead and Mayer, but was considered by
theln as a fixed star, and as such introduced into
their catalogues. This planet can only be seen
by the naked eye ¥ a very serene sky, when it
appears like a fixed star of the sixth magnitude,
shining with a bluish white light. The deficiency
of the Sun’s light upon this planet is in some
degree compensated by six satellites, which have
been discovered by Dr. Herschell, and it is not
improbable that many more remain to be dis-
covered. By reason®of the immense distance of
this planet, no observations® have dyet been made
upon it, by which the time of its diurnal rotation
might be determined.

aving concluded this descrii)tive survgy of the

first class of planetary bodies, I shall proceed tp
speak of the four newly-discovered planets ;, pre-
viglE#o ‘which it may be r to observe, that
distance between orbits of Mars and

' so dilstructive, in one solitary instance, of
that .harmony which was known to pervade
every other part of the. system, induced astreno-
mers, very nsturally, to suppose that a gnlmet,
hitherto undiscovered, existed somewhere the
interval between them, a conjecture which has
been confirmed in.a very remarkable manner by
the discovery of no less than four small bodies,
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which revolve round the Sun between the.orbits
of Mars and Jupiter. These bodies may, in fact,
be "considered primary planets, but being distin-
guished from those already enumerated as such
by peculiarities observable in the form and position
of their orbits, and especially by their very dimi-
nutive size, they may be denominated

MINOR PRIMARY PLANETS,

or, (g's Dr. Herschell has called them,)

ASTEROIDS.

Ceres was first discovered # Palermo, in Sicily,
by M. Piazzi, on the first of January, 1801, mn
the constellation of Taurus; Pallas was next dis-
covered by Dr. Olbers, at Bremen, in Lower
Saxony, on the 20th of March, 1802; Juno on
the 1st of September, 1804, l{;' Mr. Harding, at
Lilienthal, near Bremgn ; and Vesta by Dr. Olbers
on the 29th of March, 180%.

Vesta, the nearest of these bodies to the Sun,
revolves round him in about 1885 days, 5 hours,
at the mesaw distance of 225 millions of miles ;
Juno in about 1591 days, at the mean distance of
253 millions of miles; Ceres in about 1681 days,
13 hgurs, at the mean distance of 263 millions of

miles; and Pallas in about 1681 days, 17 w
at the mean dismnee& 263 millions of miles™;~

The diameter of Vesta is nd#¥ yet known.
Schroeter makes the diameter of Juno to be 1425
English miles. The same astronomer makes the
diameter of Ceres to be 1624 miles, while Dr. Her-
schell estimates it at no jnore than 163. Pallas,
according to Dr. Herschell, is but 80 English
miles in diameter, while “the German astronomer
makes it no less than 2099,
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Thete minor plancts are also represented by
symbols; Vesta by a character resembling an
ancient altar with the sacred fire; Juno by the
symbol of Mercury, with the superior curves turned
the contrary way, and a star between them ; the
character of Ceres is a sickle, or reaping-hook ;°
and Pallas is represented by the head of an ancieng
spear. °

Upon the discovery of Ceres, astronomers con-
gratulated themselves upon’ the harmony of® the
system being restored ; the successive discoveries -
of Rallas and June, however, again introduced
confusion, and presented a difficulty which they
were unable to solve, ¢ill Dr. Olbers suggested the
possibility of these small celestial bodies being
merely fragments of a larger planet, which had
been burst asunder by some internal convulsion.

- The magnitude of these bodies, when compared

with that of the other planets, their orbits all being
nearly equally distant from the Sun, and their
crossing one another indwo dﬁwite points of the
heavens, viz. in Virgo ang thesWhale, are circum-
stances, especially the last, highly favourable to

" this theory; for if a planet in motiog be rent in

e g

pieces by any internal convulsion, howéver various
the inclinations of the orbits assumed by the fragz_
ments may be, there ought to be two points in
oppggite quarters of the heavens through Wwhich
th st all pass in the e of their revo--
lutioffs; and ig was actually ih one of these points
that Mr. Harding had discovered Juno. Fer the
purpose, therefore, of detecting other fragments
of the orisinal planet, Dr.Olbers, two or three
times every year, examined all the small stats in
the opposite constellations*atove mentioned, and
his labours were ultima%j regarded with the dis-
covery of a fourth new planet, in the northern
D
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{\'ing of she constellation Virgo, which he called
esta.

Dr. Brewster, in support of this theory, very
truly observes, that if a planet be burst in pieces
by any internal force, capable of overcoming the
patual attraction of its parts, the larger fragments
will deviate less from the path of the original
phanet, while the smaller fragments, being thrown
oft with greater velocity, will revolve in orbits
more, eccentric (that is, of a more elliptical form,)
and more inclined to the original path. Now the
orbit® of Ceres and Vesta have nearly the same
inclination to the orbit of the Earth as the orbits
of some of the old planets, while the orbits of Juno
and Pallas are inclined to it, the one in 21° and the
other in 84°. ﬁssuming, therefore, those estimates
of the magnitudes of these bodies as correct, which
best accord with this hypothesis, the Doctor here-
upon founds an argument, which he considers
almost decisive, in support of the proposed theory
of the minor p(:anets; lbug as t::e force o:'l this
reasoning depends enti upon the magnitudes of
these l)ogieslbeing suﬁfi e has assumed, how-
ever willing we may be to admit the theory itself,
we are bo y nevertheless, not to allow our deci-
sion to bg,in the least affected by the learned Doc-
tar’s argument, till the magnitude of these bodies is
accurately determined. Now, according to Schro-
‘eter, Pallas, instead of being one of the smalifist-of
these planets, is the #largest of the four, and’the
magnitude of Vesta has yet to be ascertained.

esth” is the only one of the minor primary
planets that can be seen by the naked eye: she
appears about the fifth or sixth magnitude, and
exhibits a more pure apd white light than any of
the other three. Juno isof a red colour, and is
supposed by Schroetef to tiave a more dense atmo-
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sphere than any of the old planets. Pallas and
Ceres are nearly of the same colour, not being so
red as Juno; and from the nebulous appearance
they present are supposed to be surrounded with
an atmosphere of very considerable density and
extent.  ‘The rotation of these planets has not yet
been ascertained.

Owing to the great eccentricity of the orbit %ot
Pallas, it is several millions of nftles nearer the
Sun, when in perihclion, than Ceres is in a, symilar
part of her orbit. Bnt the aphelion distance of
Palas is several njillions of miles greater thai that
of Ceres, so that the orbits of Ceres and Palla«
cross each other.  Lhe aphelion distance of Juno
is greater than thaf of Ceres; and the aphelion
distance of Vesta exceeds the perihelion distance
of Juno, Ceres, or Pallas. The perihelion dis-
tance of Vesta is greater than the perihelion distance
of either Juno or Pallas. Hence it appears that
Vesta may sometimes be more remote from the
Sun than Juno, Ceres,, or Pallas, notwithstanding
its 11ean distance being less than that of any of
the others by several millionis of miles; and it also
appears that the orbit of Vesta crosses the orbits
of the other three.
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LECTURE IV,

PARTICULAR VIEW Or THL BODIES COMPOSING
.
THE PLANETARY SYSTEM CONCLUDED.

o Of the Satellites.

I‘Ln‘isu, in the preceding lectures, given a full
desctaption of the Sun, together with the Primary.,
and Minor Primary Planets, the Satellites, or
Secondary Planets, are the next ol:jccts which offer
themselves to our consideratiorr. They are, as has
been alrcady refnarked, eighteen in number, one
being the constant attendant on our Earth, four
re\'ofving round Jupiter, seven accompanying Sa-
turn, and six shedding their benign influence on
the remote Uranus.

]
The Moon »,

That insepgrable companion of the globe we inha-
bit, is themost remarkable, the most beautiful, and,
mext to that M,luminary whose brilliant efful-
genge she with chasténed radiance so copiously
reflects, the ynost useful of all those brilliant orbs
which occupy the vast regions of space. The
motion of the Moon being, the swiftest of all the
heavenly bodies, thesirst computations of time are
supposed to have beert made by her revolutions ;
a supposition -which seems to be considerabl
strengthened by the circumstance of her

name pyvy (mene) being,#p is supposed, the same
as that by which she ‘was¥fistinguished among the
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Chaldeans, with whom this word signifies to com-
pute, or number, in a general sense. Zsinwy, (selene)
another of her Greek names, and lwna her Latin
name, are both derived from a word signifving
light. Her astronomical character is a crescent ’,
or figure of the Moon, about four days old. .

The extraordinary apparent magnitude of the
Moon arises from her proximity to our own globse,
her real diameter being no more thafl 2180 English
miles.  When viewed, even by the naked evg, we
observe several dark parts, which are evidently
cauged by unevenngsses on her surface. If the eye
be Iiopl steadily fixed on the lunar disc for a few
minutes together, very brilliant radiations, and spots
brighter than the glneral surface, may be clearly
discerned : and when the Moon is examined by
the assistance of a telescope of even moderate
power, all these appearances become prodigiously
mcreased in number and extent.

Before, however, we proceed to a description of
the telescopic appearapees of the Moon it will be
proper to take notice of a verycurious phenomenon,
which, requiring no instrument to render it visible,
has been very generally noticed, and aptly, though
inelegantly, called the old Moon in thestew Moon’s
arms.” . »

This phenomenon commences with the first ajj>
pearance of the new Moon after conjunctio®, or
when, being about three or four days old, she is
first seen in the evening to the east of that lumin-
ary; at which time the.pody of the old Moon, asit
is called, appears faintly illuminated, and the new
Moon, or enlightened part of her disc, s¢ems to
project beyond the oldpMoon, and to form a por-
tion of a sphere considerably larger than the unen-

%
S e
! From crefens. incrensing.

» 3
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lightened opart.  This appearance has been by
some attributed to the difference of effect pro-
duced upon the retina by bright objects, and ob-
jects but faintly illuminated.  Dr. Turin ascribes
it to a want of power in the eye to acconmodate
igself to view objects so remote, and that, for want
of this power, the peucils of rays uniting before
they reach the retina produce an indistinet and
enlarged imagg ot the Moon. Both these theories
being founded” on arbitrary assumptions, unsup-
ported by experimental demonstraffon, have been
genetally rejected as totally unsatisfactory.

A difference of opinion likewise exists concern-
ing the cause of lhe"ﬁ' int light diffused over the
surface of the old n. B some, the Moon is
supposed to be phosphorescent, and that this
secondary light is the spontancous light which the
phosphorescent matter may ceptinuc to send forth
for some time after it has bestrggpited by the action
of the solar rays. Others accdint for this appear-
ance, by ascribing it to the light of the Sun re-
flected from the syrface of our Earth, which then
appears nearly full to’the inhabitants of the Moon,
(1f any such there be,) and, being so gimeh larger
than the Moon, reflects the light wefy copiously
upon thag planet.  In support of this opinion it is
250 observed, that the phenomenon is most con-
spicyous at the time of a solar cclipse, when the
Eurth, as seen from the Moon, being completely
illuminated, the greatest quantity of light is.re-
flected ; and it is also fhrthgg observed, that as the
age ofo the Moon increases, this light becomes
more and more faint, till about the seventh or
eighth day of her age, when this reflected light
entirely disappears, owing to the waning of the
Earth, and the increase of her own light, by which
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this secondary light is at last complesely over-
powered.

The thread of light, or lucid bow, which seems
to connect the horns of the new Moon, has been
quoted, by those who consider the secondary light
of the Moon to be phosphorescent, as a eonvincing
argument in favour of their hypothesi§, If, they
contend, the faint light diﬂ'use«f over the surface«of
the old Moon were caused by a reflpetion from the
Earth, it would appear most dense hear the centre,
and grmluall{‘ﬁveaker towards the edge, quife the
revgrse of what is observed in the instance df the
lucid bow which forms the castern limb of the
Moon; bat if, on the contra the Moon be sup-
posed to be ghospho'resccm;me difficulty at once
vanishes, and the theory.and observation are found
in every respect to agree, since it is evident that
that part of the lunmy which has most recently
telt the impression; molar rays (7. e. the eastern
limb) will continueto glow, and present the lucid
nppearance already described.

To this explanation of th¢ phenomenon of the
lucid bow, it is objected, that were it produced in
the way jgig described, it ought to be broadest in
the centrey. and gradually tapering towards the
horns, whereas it is always found to be the,broadest
towards the lower part, as at a, fig.10.,, and naw
rowest at the upper part §, and that whey the
Moon’s western libration is considerable, so as to
withdraw from our view a portion of the eastern
limb, the continuity of the bow is destroyed, and
the pant towards & is no longer visible. By refer-
ring to the map of the Moon, fig. 11, it wilt be
seen that a bright tract, nearly resembling the form
of a bow, broadest towards her southern horh, will
be found extending itself on the eastern limby and
that this bright portion fs s&parated from the cen-

’ D 4
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(<

tral parts by darker regions. From these observ-
ations, D?. Brewster accounts for the lucid bow on
the eastern limb of the old Moon, by ascribing it
to the accidental circamstance of the Moon’s eastern
limb being more luminous than the parts adjacent ;
not, indeed, that the central parts are not equally
bright with her eastern limb, but their brilliancy is
impaired by their proximity to the illuminated por-
tidn. Hence the reason is obvious why the bow
is broadest at a, and narrowest at 4, and also how
the libration of the Moon withdrawing the narrow
part § of the bow destroys its continuity. This
very satisfactory explanation of the phenomefion
first given by Dr. Brewster is so convincing that
it is scarcely possibl€ to withhold from it our im-
mediate assent. It is also obivious that it cqually
obtains, whether the sccon@ary light of the Moon
be ascribed to phosphorgscence, or to reflection
from the Earth. The wholewf shis subject will be
casily comprehended by compaging figs. 10, 11.
When we examine the Moon with a powertul
telescope the disc of it is found to be very sur-
prisingly and beautifidly diversified with dark and
luminous parts, and if our observations be made
when she is upon the increase, some very remark-
able spots will be constantly found in dark shadow
on the side which. is farthest from the Sun, and
lizht on that side which is turned towards him ;
whilst others are always found to be luminous on
the side most distant from, and dark on that which
is nearest to him. These shadows all dccrease in
length gs the Moon approaches her opposigion to
the Sun; and when, * full orb’d” she attains her
perfect-opposition to that luminary, they in a great
. mensure disappear, while her surface presents a
number of brilliant points and permanent radia-
tions. During the remainder of her progress they
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again appear increasing in length till she #& so near
to the Sun that she becomes invisible to us: the
shadows, however, during the latter period, fall in
the opposite direction, or towards the contrary side
of the Moon, but still retaining the same distinc-
tion, one set of spots continuing to present their,
dark side to the éuu, and to be enlightened on the
side most remote from him, whilst the others have
their nearest side illumined by his bRams, the op-
posite side being cast into deep shadow.  Begides
these particular appearances, great diversities of
lighg and shade are observed to pervade the g¥ne-
ral face of the Moon. Comparing, therefore,
these phenomena withy the observed effect of’ sun-
<hine on our own Farth, and more especially in
the elevated and hollowrparts of it, astronomers
have inferred that the lunar surface is diversified
hy mountains, plai and dcep caverns. The
parts which appear ¥ighl illuminated are supposed
to be mountains, from their casting shadows in a
contrary direction to the Sun, and decreasing in
length as the Sun shines mpre perpendicularly
upon them. The luminous portions of the Moon’s
dis¢ do not, however, all indicate mountains : they
arc frequently found to be extensive cavities, mostly
circular, surrounded by a lofty ridge, and eontain-
ing an clevated mountain in or near their centre. *=
The mountainous parts of the Moon are«fosnd
to exceed in awful sublimity, and terrifi@#grandeur,
the similar portions of our own globé.  Various
means have been devised for measuring the height
of the lanar mountuins, the most simple of Which
appears to be that derived from observing the dis-
tance from the boundary of light anid darkness, at
which the Sun’s rays strike their most elevated
points while they remain in the unenlightened part
of the Moon. By this, and varieus other methods,
D5
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it has been ascertained, that many of the lunar
mountains are four, and even five, miles in height.
The perpendicular elevation of some of those
mountains composing that extensive range known
by the name of the Appenines exceeds four Eng-
lish miles. The dark parts of the Moon’s disc
are observed to be smooth, and apparently level,
while the luminous portions, as has been already
rfemurked. condist of clevated tracts, which either
rise into high mountains, or «ink into deep and
extenSive cavities. The smoothness of the dark
portiens of the lunar di~c has induced some astro-
nomers, very naturally, to inter,” that they are im-
mense collections of water : hence the names Cri-
sian Sea, Sea of Nectar, Luke'of Dreams, Lake of
Death, &c. &c., by which those obscure portions
are distinguished ; und, nowwithstanding the argu-
ments which have been opposed to this opinion, it
still continues to be generally maintained by modern
astronowners, Those who deny the existence of
water in the Moon assert that the dark parts are
not exactly level : that, on a minute examination of
those parts, inequalities of light and shade. caused
by inequalities of surface, are discernible; that in
some parts parallel ridges are distincrt;lj visible ;
and that,.when the boundary of light and darkness
pesses through the large dark spot in the western
limb (of. the Moon, known by the name of the
Crisian Seagthis bounding line, instead of being
truly elliptical, as it ought to be if the surface
were covered with water, is observed to be irre-
gular, zad evidently indicates that this portion of
the tunar disc is elevated in the middle. Dr. Long,
in answer to some of those objections which have
been made to the existence of seas, or extensive
collections of water, in the Moon, suggests the fol-
lowing queries: ¢ Miy hot the lunar seas and
17
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lakes have islands in them wherein theve may be
pits and caverns? And, if some of these dark parts
are brighter than others, may not that be owing to
the seas and lakes being (:ofy different depths, and
to their having rocks in some places, and flats in
others ?” .

From various irregularities and singular appear-
ances in different parts of the lunar disc, not othey-
wise to be accounted for, many asttonomers have
bectté{ed to imagine that the Moon is subject to
violerit voleanic eruptions.  This opinion was® first
magtained by Dr. Hook, and has received the
«upport of many able astronomers. A very singu-
lar phenomenon, which seems in a great measure
o confirm this corfjecture, was witnessed by 1Jon
Ulloa during the annular cclipse of 1778. Near
the north-west limb of the Moon he observed a
white spot, which, from its extreme brightness, had
the appearance of an opening through which the
Sun was seen ; this singular appearance continued
for about a minute and a quarter, and was noticed
by three different obscrvers,, Similar phenomena
have been observed at different times by many
astronomers, and, among others, by Dr. Herschell,
who has witnessed several appearances of this
kind, and given us a particular account of his ob--
servations upon them.  On the 4th of May, 178%
he perccived a luminous point in the obscurg, part
of the Moon, and two mountains swhich were
formed from the 4th to the 13th of that month;
and on the 19th of April, 1787, he perceived no
less than three voleanoes in different parte of the
Moon, two of which he judged to be either atethat
time neatly exhausted, or about to break out; the
third exhigited an actual eruption of fire of lumi-
nous matter. On the 20th it appeared to bura with
still greater violence than oh the preceding night,

DG
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and he estimated the burning matter o be above
three miles in diameter. :

The existence of Iunar volcanoes, if admitted,
(the evidence of which seems to be too convincing
to be hatily rejected,) may be considered as one
proof of a lunar atmosphere, since combustion can
only take place in atmospheric air; as, however,
the existence of the Moon’s atmosphere was for a
lodg time disputgd, and is, even at the present day,
by some made a subject of controversy, it may be
propeny, concisely to state the principal arguridnts
adduggd for and against this opinion. Those who
deny that the Moon is surrounded by an atnio-
sphere, rest their opinion chicfly upon lfnc constant
serenity of Ler surface, and the unimpaired bril-
liancy of the light emitted by the fixed stars and
planets, when nearly in contact with the limb of
the Moon, and when, if she has an atmosphere,
their light, they contend, in passing through it,
ought to be visibly impaired.  On the other hand,
it 15 urged that her atmosphere, if proportional to
the size of the Moon, must subtend too small an
angle easily to detect the obscuration of a star or
planet in passing through it.  The luminous ring,
which has been perceived to surround the Moon in
total eclipsts of the Sun, and which was always
observed fo be most brilliant on the side nearest
thie Moon, together with certain red streaks, and
other Eppearances seen ncar the Moon’ limb in
solar eclipses, are adduced in support of their
theory, by those who contend that the Moon is
surrouml:‘d by an atmosphere.

The observations of Schroeter, however, seem to
have decided this controversy by the complete dis-
covery of the lunar atmosphere. This astronomer
having frequently perceived that the high ridges of
the lungr mountains, Leibnitz and Doerfel, when
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in the dark hemisphere were less illuiginated in

proportion to their distance from the boundary of
light, and havidy observed corresponding appear-

ances about the cusps of the Mooun, together with

apparent obscurations and returning serenity, which

he attributed to the effect of her atmosphere, con-

cluded that a twilight might perbaps be perceived
towards her cusps as he'fmd done in Venus; agd

this conjecture was at length perfectly confirmed

by the discovery of a taint glimmering light stretch-

ing #om the points of the horns into the®dark

hemisphere.  From the breadth of this crepescu-

Lar? light, Schroefer has computed that the utmost

Letsht of the lunar atmosphere, wliere it could

affect the brightnes® of a fixed star, or inflect the
solar rays, does not exceed 5742 English feet,

which space subtending at our Earth, an angle of
only 0.94 seconds will be passed over bya star in two

seconds of time.  The occultation of Jupiter, which

took place on the 7th April, 1792, was judged a

fit opportunity for confirming the truth of the pre-

ceding discovery, and‘was observed by Schroeter

for this purpose. Upon this occasion he found

that some of the satellites became indistinct at the

limb of the Moon, while others did not suffer any

change of colour: the belts and spots of Jupiter

appeared perfectly distinct when close to the.
Moon’s limb, and a small luminous spot, thgugh
by no means very pereeptible, could be plainly

distinguished when close to it.

The various appearances in the lunar disc have
been accurately represented in maps.  The first
attempt of this kind was by Riccioli, who por-
tioned out the lunar regions among the most cele-
brated astronomers and philosopﬁers, by Whose

' From ercpusclumethe twilight.
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namnes he denoted the various spots on her surface.
More correct delineations of the lunar disc, dur-
ing the whole of her progress round the Earth,
were afterwards given by Hevelius in his Seleno-
graphy. This astronomer distinguished the differ-
egt parts of the Moon by such raphical
names as belong .to the several islands, countries,
and seas of our Earth, but without regard to simi-
larity of situatién or resemblance of figure. The
names_ given by Riccioli are, however, gengrally
adopted, and are those by which the various prts
of thé lunar surface are usually distingnished by
astronomers. As Riccioli and Hevelius both agreed
in supposing the dark portions_of the Moon to be
collections of water, the nambs appropriated to
them by each of these astronomers was in' con-
formity to this opinion. Those by Riccioli seem
to be highly fancitul. A map of the Moon, as she
appears when full, was drawn by Cassini; but the
highly magnified views of the lunar surface by
Schroeter are considered the most accurate that
have yet been published.

The representation of the Moon, fig. 11., will, it
i> presumed, be found as correct as the scale upon
which it ig drawn will possibly admit. 1 shall,
therefore,sproceed to poirit out upon it some of the
principal lufiar spots, commencing with those larger
and wmore remarkable ones which were suppose,
by Riccioli and Hevelius, to be seas, and named
by them accordingly. These spots besides hav-
ing their relative situation described, are distin-
guished' by the letters of the Greek alphabet. The
namés throughout are according to Riccioli.

a. Mare Frigoris, Sea of Cold. — This is a long,
itregular dark spot, extending from about
- 85° E. to 40° W. between 50°and 60° N,
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Sinus Roris, Bay of Dews.— A dark spot at the
castern extremity of M. Frigoris, extending in
a southerly direction, and in which is l'far-
palus, &c.

Lacus Mortis, Lake of Death. — Faint black
spot south of the western extremif$ of M. Fri-
goris, having annular spots.

Lucus Somniorum, Lake of Dreams.— Long, irve-
gular, blackish spot, south-west of Lacus Mortis.

. Muke Imbrium, Sea of Showers, — A very exten-

“ive black spot south of the eastern part of
o M. Frigoris. :
Sinus Iridum, Bay of Rainbows. — Small semi-
circular bay on the western side of Marc
Imbrium.

Palus Ncbulorum, Lake of Fogs.— On the north-
western side of Mare Imbrium.

Palus Putridinis, Lake of Putrifuction. — South

ot Pulus Nebulorum.,

. Mure Serenitatis, Sea of Sercnity. — Very large

black spot west of M. Imbrium, covered with
gentle elevations, and wjth low ridges, which
appear at the time of full moon like streaks
of light.

Mare Crisium, Crisian Sea.— A large black
spot near the western limb of the ﬁoon, high
in the middle, with "a ridge running from it

 eastern to its northern margin. . =

Palus Somni, Lake of Sleep. — A pale spot east
of M. Crisium, containing several smalfannular
ones.

Mare Tranquillitatis, Sea of Tranquillity.—
Large dark spot south-west of M.Serenicutis,
the north-east part of it covered with annular
‘spots.

Mare Fecunditatis, Sea of Fertility. — Long spot
south of M. Crisiwm, s®ctching from north to
south, with rocks and cavities interspersed.



G " LECTURES ON ASTRONOMY.
» N »

£. Mare Nectaris, Sea of Nectar. — South-east of
M. Fecunditatis, intersected with a low ridge.

“ 5. Mare Vaporum, Sea of Vapours. — South-east
of M. Serenitatis.

= Sinus gtrum, Bay of Tjdes. — Small black

. spots near the centre of the Mnar disc, ranning
in a south-westerly direction.

¢. Mare Nubium, Sea of Clouds. — South-east of
Sinus Estifum ; interspersed with small rocks
and cavities. .

5. Oceanus Procellarum, Ocean of Storms. — This
i$ a general name for all the large spots he-
tween 10°S. and 20°N,, and lyving E. of
20° E.

7. Mare Humorum, Sea of MSisture. — Sqyth of
Oceanus Procellarum ; covered with rocks and
ridges on its north-castern extremity.

s, Sinus Epidemiarum, Bay of' Epidemics. — South-
west of M. Humorum.

Many of the above dark spots, by reason of
their great magnitude, may be distinguished on
the Moon by the naked cye; but those which fol-
low, being of a description entirely different, can-
not be secn without the aid of a telescope. These
last, to pwv’éﬁt‘;conthsion, arc not marked with
amy letter or figure, but may be readily found by
their htitndes and longitudes (as determined by
that very accurate observer, Tobias Mayer,) being
given.

Pythagoras, 62° 52' N, 59° 25' E. — Large annular
spot, with annular cavity.

Plato, 51°14' N. 9° 12' E. — Newton, contigugus
to its south margin, appears to be the remains
of*a large annular spot, like Plato. The high
mountain, Pico, is one of the remains of its

a
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margin. It is high and rugged op its west
margin, with a cavity a little north of it, and
another a little to the west.

A i:toteles, 50° 50' N, 17°10' W. — Large and an-
nular, with high rock on its south margin, an
annular spot on‘ its west, and #cks on its

south-east.
Heicules, 48° 58' No 41° 48' W, — Annular, with
central mountain, . y

Atlas, 47°11' N, 47° 0' W.— Annular, with central
« mountain. o
Herc clides Falsus, 46°46'N. 25° 30' E. — High
® projecting promontory, with a high rock rising
from the plain of the Sinus Iridum.:
Eudorus, $1° 39' N.#16°24' W. — Large and an-
nadar, with high rocks to the east of it.
Mercurius Falsus, 35°2' N, 76°20' W. — Large
and irregularly annular, with a pointed southern
margin, two large central rocks, and two
smaller ones; the two largest sometimes appear
as one ridge, joining the western margin.
Aristillus, 33° 43' N. 2° 33' W, — Deep and an-
nular, with central rock? .
Possidongus, 82° +4' N. 29° 35’ W.— Annular, con-
““taining an annular spot near its south margin,
and one on its west and north, sargin, with
several rocks, coom T
utolycus, 29° 46' N. 2> 81' W, — Large and deep
annular spot, with central spot. °*
Archimedes, 29° 17' N, 1°45' E, — Large and deep
annular spot, with high margin, and high rocks
to the south of it. -
Cleomedes, 27°18' N. 57° 50 W, — A large agnu-
lar spot, containing three central rocks, with
t¢wo contiguous annular spots on its morth-
eastern, one on its north-western, and tyo on
its western margin.» Recks south-east of it,
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Timochargs, 26° 838' N. 12° 8! E.— Annular, with
central spot, and two luminous radiations from
its south margin.

Aristarchus, 28° 40' N. 47°2' E, — A deep cavity,
with high rocks, and two cavities east of it,
and d#Pradiation issuing from its south-cast
margin. It is the mogt luminous part of the
full moon. B

Seleucus, 20° 50' N. 62° 40' E. — Shallow and an-
gular, with central spot. Two luminous
tidges pass from it to Curdanus, one of them
touching the western margin of Seleucus.

Menelaus, 16° 25' N, 16° 5’ W.'— Annular, with
central mountain, a high rock on its south-
east, and two annular spcts on its south-west.
It is very luminous from its south-west to its
north-east.

Plinius, 15° 44’ N. 24 16' W. — Annular, with
two central mountains. DBetween Menelaus
and Pliny, stretching southward, there is a
singular ridge of rough and luminous ground.

Eratosthencs, 14° 39’ N. 12* 1' E,— Aunnular, with
irregular central mountains, and curious rocks
on its west and east margin, and laminous
ridges to the north of it.

Manilius, 4 4° 3##. ° 2' W, — Large annular

.. spot, ﬁhi margin and central rock.

Marius, 119°55' 2§ 50° 0' E. — Deep and annular,
‘with a half formed annular spot on its south-
east, ridges south of it, and high ground north
of it. '

Copernicus, 9° 41' N, 19° 56' E. — Annular, with
-a central mountain and broad margin, very
luminous all round, with numerous rocks and
mountains scattered on the northeeast of “it.

Kepler, 8° 4 N,  87° 45' E.— Very luminous alt
round, with a cerkral'mountain,
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Cavalerius, 5° 43' N. 67° 89' E. — Annulgr, and in
contact with Hevelius.g.

IHevelius, 2° 10’ N, 68° 18' E. — Remarkable spot
containing a central body like an egg broken
at its north end, and a small cavity. Broken
rocks east of it, and a singular apjearance to
the west of it. *

Landsbergius, 1° 1' S. T6° 49' E. — Annular spot,
with a central mountain. Two radiatiofts
extend from it to Rheinkold.

Ricciolus, 2° 43'S. 75° 10' E. — Irregularly an-
nular, with an indented broken margin tp the

® south, dark spots west of it, and a dark spot
within it.

Grimaldus, 5° 5'S. #67° 30' E. — Irregularly an-
nodar, with broken margin.

Hipparchus, 5° 58'S. 3° 25' W. — Annular, with
small central rogks. .

Langrenus, 7° 81’ S, 62° 30' W, — Annular, with
central mountain. Remarkable appearance
beyond its south-south-west margin.

Ptolemeeus, 8° 57' S. 3° 11' E. — Large spot, with

i lar margin of differehit heigh

T jilus, 11° 25'S. 26° 28 %V.—-Annular,
with large central mountain.

Alphonsus Rex, 12° 837'S. 8380 g A deep
cavity, with central rock %u gt OF it. Al-_

i¢ irregular, with a centri¥rock.

Vendelinus, 16° 46! S. 62° 11' W.— Irteghlar,

.+ open at north margin, cavity at south margin,
mountain at north margin. .

Arzachel, 17° 7' S. 8° 20' E. — Beautiful spgt, with
ver ﬁregulur margin, two central cavities,
an?a‘ central mountain. Chasms and pits on
its margin, chasms north of it. .

Buyllialdusy 20° 80'S. 21° 53' E, — Annular,, with
high central mountdin, and three cavities south
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of if. A long ridge runsfrom its south mar-

in across one ofsghe small cavities south of

ity to the half-formed spot west of Cichus.

Fracastorius, 21° 22' S. $2° 31' W.— Large, hol-
low, with cavities south of it, and communi-

.. cating'with M. Nectaris.

Purbachius, 23° 59' S. 13#8' E. — An annular

spot, containing three rocks, with an annular

spot on its north margin, and another on its

south-east margin.

Pretavius, 25° 17t S, 57° +0' W. — Annular, with
Jarge central mountain, Long and deep chasm
on its west margin; rocks north of it; an-
nular spot, with central mountain, north-ecast
of it Al

Regiomontanus, 26° +4'S. 0> 38' E. — Annular
spot, Containing two small rocks, and an an-

. nular spot on its west margin.

Wernerus, 27° 58'S. 3° 45' W. — A large and re-
gular circular spot, with central mountain.

Pitatus, 30° 8' S, 18° 32' E. — Half-formed annu-
lar spot, with central rock, several marginal
cavities, and a ¢avity communicating with it
on the north-east.

Hultherus, 31° 40'S. 0° 10' W. — Irregular, with

v

9

ac
Snellius, 53" 45' W.— Annular, with
.
centr: and numerous anrular spots east
of it. Lo om

Furnerius, 86° 84' 8, 58°4¢' W. — Annular, with
cavity north of thé éeptre, and spot south of
the centre. Singular appearance on its north

BT

margin. T .
Tycho, 43°0'S. 10° 48' E. — A deép"brilliant

cavity, from which all the is in the

squth limb of the full Moon- g0 issue,
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Schickhardus, 45° 15'S. 52° 54' E. — Numerous
cavities on its north, south, and west margins.

Longomantanus, 50° 0'S. 20° 0' E. — An annular
spot, with a large rock on its north margin,
and several on its south-west margin.

. Phocilides, 54°12'S. 58° 36' E. — Anhular spot,
on its western maggin, and a rock stretching
from it across Phoctlides. .

Clavius, 57° 56'S. 14¢ 52' E. — The south mar-
ginal spot of Clavius has a central mountain
in it, and there is a high mountain oh its

_north margin. o

The SaRllites of Jupiter,

‘The discovery of which may be considered one of
the earliest improvemants the science of astronomy
has to boast from the invention of the telescope,
were first observed, by Galileo. in 1610. They
are four in number, and, with the exception of the
third and fourth, are neVer visible to the naked eye ;
instances of these two being So seen are extremely
rare, although they have been known to occur.
When viewed through a telescope, the satellites

of Jupiter present a most bmf rance,

being generally.ranged in a Sthi nearly .
paral gfm igihelts, . Thetsatellite wHich rgvglves

nearest to: i v the first satellite; the

oribitn?f ' o that of the first; the

third 'ls ex ' ]; and the fourth

satellite degcribes amdeigrennd its primaryswhich

includes the*apbits. of thie-bther three. .

lution in 1 dsw, 18 hours, 27 minutes, 33 secbnds,
at the mean distance of 264,490 miles from the:
centre of its primary. °* °
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The second, in 3 days, 18 hours, 13 minutes,
42 seconds, at the distance of 420,815 miles.

The third, in 7 days, 8 hours, 42 minutes,
383 seconds, at the distance of 671,234 miles.

And the fourth, or exterior satellite, revolves
round Jupiter in 16 days, 16 hours, 32 minutes,
8 seconds, at the mean J;sunce of 1,180,582 Eng-
lish miles.

From the different periods in which these satel-
lites revolve round their primary, their relative
situation with regard to him, and to each other, i~
continually changing ; thus, at one time, they are all
seen on the right, at another, on the left of Jupiter,
but more commonly they appear divided, ene or
two being seen on one side, and the rest on the
other ; nor do they always appear in the order of

their respective distances, the second being fre-
quently seen nearer to Jupiter than the first, &c.
all which various phenomena, er with the
velocity of light, and the method of finding the
longitude from the eclipses of these bodies, will be
fully explained when we come to consider their
motions as seen from the surface of our Earth.:

The satellites of Jupiter appear to be of different
magnitudes; but as the angle they subtend is too
small to adgeit of their real size being ascertained

. by actual SaMiureient, sttemiits have been made
1o solve M problem,.-by notipg: @ik time whi
each satellite takes o ithmetd

shadow. From the: - ¥
method of compugsiit s - fésults
have keen obtained W rs. Ac-
cording to Dr. Herschelll:#l 1 largest,
the second the least, and ‘fourth are
nearly of -the same size: ¢-ave all of them

supposed to be considerably larger than the: Earth
but their dimensions dre ﬂz exactly known, ’
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Irow periodical changes..observed in the inten-
sity of their light, Dr, Iﬁ::schell infers that Jupi-
ter’s satellites revolve round their axes, and that
the period of their rotation (like that of our Moon)
is equal to the time of their revolution round their
primary.

?

The Satellites of Sature

Are seven in number ; of these, five only were’dis-
covered before the yvear 1789, previous to which
tim¢ the satellites of Saturn, like those of Jupiter,
were numbered in the order of their distance from
their primary, that bding called the first which re-
volved nearest to Saturn, and so of the rest.
When, in the year above mentioned, Dr. Herschell
discovered two more satellites revolving round
Saturn, interigr to any of those already known,
these newly disoovereti bodies, instead of being
called the first and second, as by their situation
they ought to have béen, were denominated the
sixth and seventh satellites, so that, in fact, the
numbers by which the satellites of Saturn are dis-
tinguished neither denote the order of their dis-
covery, nor the proximity of their orbitg to the
planet round which they revolve. *.dhe fourth .
satellite was dissovered, by Huygens,”0h the 25th
March, 1655 ; shefiith, by Cassini, in October,
1671 ; the thigd, on SSXDecember, 1672, by
the same gbserver, who had alse the merit of dis-
covering the -first and second in the moath of
March, 1. ‘The onder”of their distance. from
Saturn is, the sixth, sevemth, first, second, third,
fourth, fifth. The six inner satellites move rfearl
in the plane of his"“rintg, but the orbit of thefi
makes an angle with the®plane of Saturn’s orbit of
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24° 45'. «This last satellite, when at its grentest
distance west of Saturn, exceeds all the others, ex-
cept the fourth, in splendour; but when at its
test distance eastward it altogether disappears.
rom the regular recurrence of these phenomena it
ig inferred, that this satellite, like the Moon, re-
volves on its axis in a period exactly equal to that
of, its revolution round its primary.

The sixth satellite revolves round Saturn in
22 hours, 37 minutes, 28 seconds, at the distance
of 11,627 miles from his centre.

The seventh in 1 day, 8 hours, 53 minufes,
9 seconds, at the distance of 153,496 miles.

The first in 1 day, 21 hours, 18 minutes, 26 se-
conds, at the distance of' 190,044 miles,

The second in 2 days, 17 hours, 44 minutes,
5] seconds, at the distance of 243,449 miles.

The third in 4 days, 12 hoursy, 25 minutes,
11 seconds, at the distance of 340,0imiles.

The fourth in 15 days, 22 hours, 41 minutes,
13 seconds, at the distance of 788,258 miles.

The fifth in 79 days, Y hours, 53 minutes,
42 seconds, at the distance of 2,297,541 miles.

The sixth and seventh are the smallest of the
satellites which attend on Saturn; the first and
second are the next smallest ; the third is ?‘reater

«than the first or second ; and the fourth is the largest
of themall. ™

The Satellites of Uranus,

Which can only be seen with the most, powerful
telescopes, are six in number, and were all of them
discovered by Dr. Herschell ; the second and fou;,;ﬂ:
on the 11th January, 1787, and the other four

1790, It is remarknblé tht these satellites revolve
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in a retrograde direction, or contrary to the order
of the signs, in orbits lying nearly in the same
plane, and almost perpendicular to the plane of
the planet’s orbit. The distances and periodic
times of the second and fourth of these satellites
have been accurately determined; the rest have
been caleulated upon a geuneral principle hereafter
to be explained ‘

The first satellite of Uranus revolves round its
primary in 5 days, 21 hours, 25 minutes, 21 se-
conds, at the distance of 221,155 miles from his
cengge. .

The sccond in 8 days, 16 hours, 57 minutes,
17 seconds, at the digance of 290,821 miles.

The third in 10° days, 23 hours, 3 minutes,
59 seconds, at the distance of 539,052 miles.

The fourth in 13 days, 10 hours, 56 minutes,
30 seconds, me distance of 388,718 miles.

The ffth i days, 1 hour, 48 minutes, at the
distance of 777,487 miles.

And the sixth in 107 days, 16 hours, 39 minutes,
56 seconds, at the distance of «1,555,872 miles.

In order to illustrate, as far as possible, the de-
scription I have now given of the various bodies
of which the planetary system is composed, and to
assist the imagination in forming a correct’idea of
the relative magnitudes of the planets, and their
comparative distagces from the centre of tlre sys-
tem, I shall refer’to diagram 1, which is composed
of seven slides, or pieces, marked ABCDEFG.
‘These being placed on the machine, one upon ano-
ther, according to the order of the letters, presenta

neral view of the planetary system, on a scale
sufficiently large to_convey a ver¥ just idea ofethe
relétive distances of*the planets from each other,
and from 'the centre of the system. The magni-
tudes of the planets, as delineated in the scheme,

' B
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are also th due proportion to one another, and to
a supposed globe of two feet diameter for the Sun.
To give an i(glea of the distances at which the planets
in this diagram must be placed from a Sun of two
feet diameter, according to their own proportional
bulks, it is only necessary to observe, that the Earth
must be upwards of 70 yards from his centre, and
the distance of the Moon from the centre of the
Earth would be 7} inches. It is evident, there-
forea that the satellites are only represented by
theig, respective primaries, in order to complete the
diagram, without any regard to their relativeedis-
tances from the planets to which they belong. Ench
planet, having its symboligal character placed
against it, renders any farther explanation of the
figures in this dingram unnecessary.
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LECTURE V.

LECTURE V.

ON THE FIGURE OF THE EARTH.

- L]
In the descriptive survey we have®hitherto taken
of the bodies composing the planetary systery, the
introduction of any of those phenomena resulting
frogr our own sityation in the universe, has been
as far as possible, carefully avoided ; nor has the
vlanet itself’ of whichywe are’inhabitants, been made
a subject of particular consideration. Now the Earth
being the place from which all our observations
must necessarily be made, and the apparent mo-
tions of the heaveunly bodies, being very consider-
ably affected ‘By the figure of the Eﬂl’lgl, and the
situation of the observer upon its surface, it will
be proper, in order tq facilitate our future inves-
tigations respecting the planetary motions, to make
ourselves acquainted with the true figure of the
Earth.

Respecting the form of the Earth, various no-
tions were entertained by the ancient philosophers.
Heraclitus,whoflourished about 500 years B.C., sup-
posed it was shaped like a skiff, or canoe, very ntuch
hollowed ; somg 1magined its form to be that of an
oblong é’ﬁlinder; and others considered it to be in
the form @f a drum: but the most general opinian
seems to have been that the Earth was an immense
circular plain, diversified with hills and and
every way surrounded by the ocean. Whaen it
first began to be considered a globular body is
very uncertain, and it is m'olpble, that many long
voyages had been performed, ere it was known to

E 2=
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be such,’ although the Fgyptians are said by
Diogenes Lnertius to have been acquainted with
this fact, and also, that the Moon was eclipsed by
falling into the Earth’s shadow; and Macrobius
asserts, that they had not only mensured the mag-
nitude of the Farth, but that of the Sun also.
That the Egyptians were celebrated for their
learning, at least ¥500 years before the Christian
eern, is evident, since we read that ¢« Moses was
leagned in all the wisdom of the Egyptians;” now
it is_ gencrally admitted, that the wisdom here
spoken of, refers to their great skill in the scionce
of astronomy ; and from their carly observations
of solar and lunar eclipses, it appears that the
figure of the Earth must have been known to them
at a very remote period. At what time they first
became acquainted with this phenomenon, or whe-
ther they were the first discoverers of it, is not
worth our while to enquire, it is sufficient for us to
know that the rotundity of the Earth is a fact
established upon the most irresistible evidence, and
to be able to bring ferward such proofs in support
“of it, as cannot fuil to convince the most prejudiced,
and Sceptical mind; a few of the most convincing
of which, 1 shall now produce.
If, stunding on the sen-shore, on a fine clear
** day, we view a ship leaving the coast in any direc-
tiors, the hull or body of the vessel first di rs;
afterwards the rigging becomes invisible; ggid 1abily,
the top of the mast vanishes from oug sight. Now
this phenomenon, is evidently cau the con-
vexity of the water between the eye and the ship ;
for were the surface of the sea an extensive plain,
the largest and most conspicuous part of the vessel
would be visible the longest.
\ roof of the. convexity of the surface,
is, that'the higlier the_eye is raised, the farther is
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the view extended, for an observer in afi evening
may distinctly see the setting Sun from the top of a
lofty tower, or any considerable eminence, after it
has ceased to be visible to those below ; having ap-
peared to sink below their horizon. It is also very
common for sailors from the top of the mast, to
discover ships, or land, at a greater distance than
they could do when standing upon deck. .
6n sailing towards the north, the®altitude of the
pole, and circumpolar stars, is found uniforrgly to
increase, and the inclination of the circles de-
scriped by all the, stars to the horizon, gradually
diminishes ; in proceeding in a southerly direction,
the reverse of all this takes place; the altitude of
the pole, with the *circumpolar stai§ decreases,
while all the stars describe circles, increasing in in-
clination to the horizon. :
The above observations are chiefly intended t
show that the surface of the water is convex: that
the continents into which the Earth is divided, are
also convex, will evidgntly appear, when we con-
sider that these vast portions pt land, are no where
mauch higher than the seas which intersect them in
various directions, or the oceans by which they are
surrounded, as is proved by the course of great
rivers, such as the river Amazon in South America,
and many others. These rivers all run over very
extensjge tracts of our continents, and disclmrge
them into seas, or oceans, yet they are every
where igable, and the rapidity of their stream,
which inglicates the greater or less inclination of
the lands through which they flow, is alway$ such
as to show that this inclination is in general incon-
siderable, their fall at a moderate estimate, not
exceeding one mile in a course of one thopsand:
their shores are also univgrsajly found to hpfipretty
. "E 3
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nearly the same, and no where much elevated
above the surface of the .

The foregoing facts aﬁi):s suflicient evidence of
the convexity of the surface, both of the sea and
land, in various directions and in different places;
xet, perhaps, from none of them, are we entitled to
infer that this terraqueous globe is altogether of
a spherical form. ‘This opinion, however, seems
to admit of a complete demonstration in the case
of lunar cclipses, which are caused (as will be
lereafter shown) by the shadow of the Earth pass-
ing over her disc. This shadow, whatever situ-
ation the Earth may be in af the time of the
eclipse taking place, is always hounded by a circular
line; now it™s easy to conceive that a body which
in all sftuations casts gcircular shadow, can be no
other than a globe; the inequalities of its surfuce,
being too inconsiderable to produce any irregulari-
ties in its shadow in cclipses of the Moon ; since it
can be demonstrated that Chimboraco, the highest
mountain on the globe, bears no greater proportion
to the bulk of the Earth than a grain of dust does
to an argificial globe of moderate dimensions.
still siof® satisfactory proof of the spherical form
of the Earth, is derived from the fact of its*having
been sailed round by several navigators, who steer-

4ing their course directly south and west, till “::i
cama to the Magellanic sea, and then to thggno
and west, have returned from the cast, to‘I gert
from which they sniled ; after having expifienced
all those phenomena which should lly arise
from the rotundity of the Earth. ‘

These and similar observations, having proved
the cqnvexity of the Larth’s surface, its figure was
concly by mathematicians and astronomers, o
be th true sphere, gxcepting only the small
inequa of hills unfl\_vnlleys; on its surface; till
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an accident opencd a new field for speculation,
and drew the attentiop of Sir Isaac Newton, and
Mr. Huygens, to this. subject. As, however, the
circumstance which led to the discovery of the
figure of the Earth not being truly spherical, as
well as the cause of its deviation from that form,
depend upon the same general principle, from the
operations of which, under the impulse and directign
of the émnipotent Being, the whole system of ::tc
universe results, it will be necessary in this Klnce,
to investigate the form under which this prificiple
operates ; ov, in other words, to take a generad view
of the doctrine of “gravitation.

Gravity! may be distinguished into particular,
and generel, or terréstrial, and universal.

Particular or terrestrial gwavity, is that force by
which bodies are continually solicited towards a
point, which is either accurately, or very nearly
the centre of the terraqueous globe; and may be
considered a familiar display of the energies of
that powerful but invisible agent in nature, by the
effect of which the planets are retained in their
onpits. Co ¢ 3

General, or universal gravity, is that¥f ehich
all the %great bodies of the solar system, and, in-
deed, all the bodies and particles dbf matter in the
universe, tend towards one another; or, in more
app iate terms, universal gravitation,  isqthat
el%t some unknown, but ever active and uni-
versal Yuse, by which every particle of matter
gravitategy. 8r has a tendency, towards every other
particle. ~Although the existence of this important
and universal principle has been demonstraté®, its
effects investigated, and the laws to which it ig sub-
ject explained, and illustrated, - by the mﬁ cele-

1 From grevis*heavy.
L
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brated mathematicians, and philosophers, yet every
attempt to penetrate its essence has hitherto
proved unavailing. .

Terrestrial gravity, more immediately concerning
the subject o% our present investigations, let us
proceed to a contemplation of its effects in those
familiar instances which are daily presented to our
observation, and which are principally mapifested,
in the descent of falling bodies, to the Earth’s
surface.

Néw all bodies are composed of what is called
matter’, and the words matter, and body, are fre-
quently, though not with strict propriety, used
synonymously. Matter denoting in its primitive
sense that anexplained something, which is the
the foundation of all bodies, or from which all those
things that are objects of our senscs are formed,
while body (which is of Saxon origin) signifies the
material substance of a man, or other anifal ; and,
therefore, ought to be confined to an extended,
solid, substance, possessing form or figure.

Matter is of itselt perfectly passive, and indifferent
as to mgtion or rest; a body at rest, can never put
itselfs otion, nor can a body when in gotion,
of itself alter its rectilinear direction, or fall into
a state of rest: in order, therefore, to induce a

~ change of state in any body, from rest to motion,
or vice wersa, it must be acted upon'by some ex-
ternal force. a
Now, daily experience convinces us #iat all
bodies fall, or have a tendeney to fall g:rrds the
Earth.> Thus a stone, or any other body at rest,
if stipported by another body, or suspended by a
string, discovers; this tendency by pressing u
its support, or s ching the string by whﬂx it is

L
f‘ln Latin materia from mater a mother.
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suspended ; 'and if the support be removel, or the
string cut, it immediately descends to the Earth in
a line perpendicular to its surface.  Again, if the
stone be projected in any direction oblique to the
horizon, we sce that it is deflected from the right
line in which the projection was made, and descends
in a curvilinear direction to the Earth. When,
thereforg, we view these phenomena, and consider
the inerfniess of matter, we are natarally inducéd
to enquire into their cause; and as no visible
force was applied to put the-stone into motiof, or
when moving in one direction to alter its cpurse
and cause it to assume another, we are led to con-
clude that thesc effects must have been the result
of some peculiar inv&ible agency. .

Now, since heavy bodies exhibit the same pro-
pensity in all parts of the Earth where, similar
cxperiments have been made, we are intitled to
infer thatgthe cause of these phenomena is to be
sought for in the Earth itself; and as we find by
experience, that the magnet draws to itself all iron
bodies placed within tlie sphere of its attraction,
we may, therefdte, by a fair dhalogy, conclude that
it is the attraction of the Earth which cil#ses all
circumt¥restrial bodies, if unsupported, to fall to-
wards it.

The Earth being a dlobular body poised In space,
can, properly speaking, have no such thing ag an
upperx under side, since it is on all sides sur-
roundedy by the heavens; and as the attractive
power of ghe Earth causes all heavy bodies on its
surface to tend towards its centre, the reasom why
the inhabitants on all parts of the Earth stamd
equally upright upon its surface:with their feet
towardy its centre will be evident §;8amely, befause
tow that centre the weight or tendency of every
man’s body is directed, *an® conseyuently™y the

E g
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terms up,and down, as applied to the Earth, can
only be meant towards the zenith, or towards the
centre of the Earth; and, therefore, thereis no more
occasion to suppose that a persun who lives on the
opposite side of the Earth to oursejwes, is in
danger of falling down as it is called into the sky
which is under us, than there is to imagine that
we are in danger of lulling towards that part of the
heavens whick is immediately over our hends.
Gravity equally accelerates all falling bodies,
withbut regard to their bulk, figure, or quantity
of metter, so that abstracting from the resistance
of the medium, the lightest ‘and heaviest, ‘the
eatest and smallest bodies, wnuld all descend
through an equal space in the sanic time; thus, a
~overeign and aTeather let full from the sameheight,
will descend to the Earth in different times in the
open air, owin%,to the resistance of the medium
through which they pasv, protracting zm‘escent of
the feather; but if both be let fall fro ¢ top of
an exhausted receiver, they both reach the bottom
at the same instant, which ‘shows that the force of
attraction is always, proportionaté*to the density,
and .not to the bulk of bodies. .
The law by which gravitation acts, is Mt it de- )
creases as the squares’ of the distances from the %
. ‘body towards which the gravifation is mnade increase;
abady, theretore, near the surface of the Earth tends
1 rcia the centre with four times the furce that it
would do if it were removed twice as far from that
centre; nine times the force that it wguld do at
thrice the distance, and so on ; but the distances to
whtich we can have access, either above or below
the Earth’s su are so smail, that it is scarcely
possible by a experiment upon the weight
of @ body, to nny sensible chang the
force“'of gravi We may, therefore, in all
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our reasonings concerning the effects it produces
at the Earth’s surface ‘consider it a constant force,
and ascribe the increase of yelocity in a fulling body.
uot to the attraction of the Earth acting more
strongly upon it as it approaches the Eartk’s sur-
face, but to the continuance of this force.

.For the discovery of the law which regulates
the descent of falling bodies, we are indebted to
Galileo, who found that the space ghrough hich
every body actually falls in vacuo, is 164 feet
during the first second of its descent in the latitude
of London, at the end of which time it ha's ac-
quired such an inerease of velocity as would carry
it through double that space or 324 feet in the next
second of time, if the force of gravity were to cease
acting upon it; but the velocity continuing to
increase by the power of gravity continuing to act
upon the body, it actually in this second passes over
three tjmgs as much space as it passed over in the
first sec& this added to one niakes four; in the
third second five times the space which added to
the four makes nine, and so on ; always increasing
by the odd. mumbers, hence we obtain for  the
descent of circumterrestrial “bodies this simple
rule; M spaces passed over are divectly as the

" square gf the times. Now, as in the first second

of time, a body falls through 16 /; feet, in®order to
find the space-a body passes through in its descent,
we have only to square the seconds and shultiply
the product by 165 feet. .
To the power of gravity, therefore, considered
as a cousf‘;nt force, we are to ascribe the descent
of a projectile in a curved line. h
Gravity is the property by,
what is termed heavy, and;
Lody #on the hand, or wh rts it, in-
dicates its being gravis o
E 6

rich bodies are
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any body is the measure of the united gravitation
of every particle of matter of which it is eomposed,
and is estimated by means of some known unit of
weight with which it i5 compared. The weight
should, therefore, be distinguished from the gravity
or heaviness of a body. .
* In concluding our remarks for the present, upon
this grand law of nature, it may be proper to ob-
serve that grayitation is an universal principle, and
consequently as all bodies gravitate towards the
Earth, so does the Earth equally gravitate towards
all bodies, and all bodies towards each other ; but
the altraction of bodies being i proportion to she
quantity of matter they contain, the Earth bein
such an immense aggregate of matter, is suppose(
to destroy the -effect of this attraction between
smaller bodics, by forcibly compelling them to
itself. The attraction of mountains, however, on
pluni-lines and the balls of pendulums, has been
found by repeated observations to be ¥ery con-
siderable. . .
The.effect of this universal principle upon the
heavenly bodies is ne less important and surpris-
ing, than in those objects we have been contem-
plating, and with which we are most familiar]
As, however, to enter upon the subject of yniversal
vitation in this place, would be in some respects
premature, I shall reserve my obsegvations upon
that®head for a more appropriate opportyyig®, and
shall in the meanwhile resnme the sulgéct which
led b this digression.

_The circumstance alluded to in an eatly part of
this Lecture, as leading to the discovery of the
true figure of the Earth was briefly as follows : —
Richer, who in 167! was sent by Louis XIV. to
the jsland of Ca which is only five Segrees
from the equator, tn gake certain important astro-
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nomical observations, found that the pengfnlnm of
his clock* which at Paris vibrated true seconds,
here lost two minutes and twenty-eight seconds
every day, and that in order to make it vibrate exact
seconds, it was necessary to shorten it about the
eleventh part of an inch.

If the attraction of the Earth were the same af
all places, falling bodies would descend in a gecond
of time through equal spaces in all Jatitudes; aifd
a pendulum clock that shows the true time at
Paris, would do the same at Cayenne, and every
where else ; the motion of the pendulum, likg that
of tall falling bodies, being accelerated by gravity.

Now since heat will lengthen pendulums, and
consequently retardg their motion, the velocity of
which depends on the length of the rod, it might
have been supposed at first that this daily retard-
ation was occasioned by the expansion of the rod
in a climate so much hotter than that of Paris; it
was, however, fully ascertained by repeated experi-
mentg, made for the purpose, that the heats of
Cayenne were by no means sufficient to solve this
phenomenon, which could orly be occasioned by a
diminution in theforce of gravity at the latter place.
* The attraction of the ﬁarth decreases in pro-
portion to the distance of a body from its centre,
and the vibration of pendulums’is caused by this,
attraction ; hence it follows that the attractive
force of the Earth is least where the motiori of the
same pendulum (due allowance being made for its
expansion by the heat,) is slowest, and that this
being the case at the equator, the distance gf*this
circle from the Earth’s centre must exceed that of
any other part of its surface, and consequently that
the Earth is not a true sphere, but an oblate
spherott], flattened at the polary.and swelled out at
the equatorial regions.
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The gﬂ)lnteness of the Earth at the poles being
ascertained, the nextijoint to be determihed, was,
the ratio between the polar and equatorial diame-
ters. This Newton, upon physical principles, de-
monstrated to be as 229 to 230; since his time the
question respecting the true figure of the Earth, or
of anyplanet revolving about an axis in a given time,
has pagticularly engaged the attention of mathema-
titians. It wquld, however, by no means accord
with the plan of these Lectures, to enter into an
te exposition of the various solutions which
beeat given of this important and difficult pro-
blem, especially as the strict mathematical rea-
soning employed in the investigation, would be
in a great degree unmintelligitle to many persons
for whose use they are intended; let it suffice, there-
fore, to observe, that although by the actual mea-
surement of a degree of the meridien in different
latitudes, as well as by cxperiments on pendalums
made with the greatest care, the compression at the
polar regions is placed beyond all doubt, yet there
still exists a differeiice of épinion as to the exact
quantity of this compression, Newton, whose inves-
tigations were certainly confined to the homo-
geneous spheroid, assumed, as has been already
stated, 445 for the compression at the poles, while
La Place makes it vJ1; it is probable from the
most recent experiments and observations, that the
true difference between the two diameters is about

st

rg;wing proved the deviation of the Earth from
a truly spherical form, and shown that it is some-
whatt flattened at the polar, and swelled out at the
equatorial regions, I shall now give a very general
explanation of the cause of this deviation; in doing
which, I shall, without stopping to enquire whether
the Earth revolve on‘its axis or not, assume that
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*
it has such a motion, and eed to dow the
effects of this rotation upon#8 figure.

It is very evident that if any body revolve on an
axis, every particle of matter of which that body is
composed, must describe a cirele, to the plane of
which the axis is perpendicular ; and that the more
distant any part of the earth is from the axis of rota~
tion, the greater will be the circle in which it
revolves. 'The equator, therefore, geing the mdst
remote from the axis of retation, the gravity of &2
equatorial parts, must be most diminished by
centrifugal force arising from their rapid mptight”
and this diminution gradually decreases as we
proach the poles where it is nothing ; consequently
if the Earth were orginally in a soft or ﬂsueﬂ state,
it would, byits rotation on its axis, naturally assume
its present spheroidal form; or if it were in the
first instance a consolidated mass as it is at present,
it must have constantly been approximating to that
form. A degree of rotation might indeed have
been impressed upon it, sufficient to overpower the
force of gravity, and cluse all bodies to fly off from
its surface, in the same mahner as the drops of
water are thrown from. the wheel of a water-mill
moving round with great velocity; or by a nice
adjustment of the centrifugal force to the power of
gravity at the equator, all bodies there might be
rendered entirely destitute of weight, so as, al-
though they retained their situation, to exert no
pressure on the surface of the Earth : this would
be the case if the Earth revolved in 84 miggRes
43 seconds, as maybe thus proved ; let us in#gfhe
a satellite close to the surface of the Earth, tore.
volve round it in the plane of the equator, the
square of the time of the revolution of the satéllite,
would be to the square "of the time of the revolu-
tion of the Moon, as tht cabe of the distance ot
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the satehte, to the cube of the Moon's distance,
"This proportion is #&uced from the last of Kep-
ler’s' laws hereafter to be spoken of.

The Earth’s rotation on its axis, not being per-
formed in so short g time as to prodice the above
effects, all sublunary bodies continue to be urged
{owards the Earth by the force of gravity, and retain
their situation on its surface, without the least dan-
g’ér of deranggment from the action of the centri-

gal force; the only effect of which is to produce
a_diminution of gravity in different latitudes, di-
‘tiigtlx proportional to the squares of the cosines of

! latitudes. - *

" I have now endeavoured to show in a clear and
intelligible manner, that fron® the Earth’s diurnal
rotation, or by ‘the action of a centritugal force,
combined with the influence of gravity, a compres-
sion at the poles, and an accumulation of matter
at the equator naturally result; and the figure of
the Earth, Having been.demonstrated to be that of
an oblate spheroid, we may naturally infer that
it has such a motion; of this, however, further proofs
will be produced in “their proper place: 1 shall

. therefore conclude my remarks upon the figure of
the Earth, by observing, that what has now been
said will be found to apply in a general sense to

. all the pfanets in the system.

a
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LECTURE VL

THE .ATMOSPHERE DESCRIBED. — OF REFRACTION .,

. = OF TWILIGHT, — OF METEORS. '

The Earth has been mentioned as thegplace from
which all our observations upon the heavenly
bodies must necessarily be made ; and for thwﬁ
ready comprehenston®of the phenomena they et
hibit, as seen from different parts of its surface,
the figure of this glbbe has been particularly in-
vestigated ; it is, however, no 1 necessary to
enquire into the nature of the medium through
which they are to be viewed, and to ascertain in
what manner, and to what extent, our observ-
ations are affected by this medium.

That compound fluid mass which on every side
investg,our globe, extehding to a very consider-
able-height above its surface; is called the atmos-'
phere.): it is composed of air, and a hetero-
genous collection of aqueous and other vapours
and exhalations, clectric fluids, &c. and may be
considered as a vast laboratory in which, by the
action of the sglar heat, the most imporant
operations of chemistry are continually carry-
ing on. :

That part of the atmosphere properly eﬂ
air, was formerly sufiposed to be a simple k
geneous and elementary fluid; but by the experi-
ments of Dr. Priestley and athers, it is ascertained
that atmospheric air is agompound of oxygef or

1 From aru@- vapour, and®sgaipe a sphere.
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pure aik and nitrog’en or azotic gas. Accordin
to the most accurateéx riments,g:he air that wg
breathe is composed o?eonly twenty-two parts of
oxygen air, and seventy-eight of nitrogen or azotic
gas in every hundred.
. The uses of this circumambient fluid are as
multifarious as they are important; not, however,
to dwell upon the numerous advantages mankind
derive from-i6 as a mechanical force, a vehicle of
sound, orgeven as the support of all animal and
vegetable life, and the great spring of most of
“hpse_mutations which are continually taking place
iino:‘ng sublunary bodies,* I shall proceed to
consider its properties and effects, as cagnected,
in a greater *}css degree] with the science of
astronomy. %

‘The atmosphere, in common with all other
material substances, is cndued with weight and
pressure, though in an inferior degree to most
other bodies with which we are acquuinted; by
repeated experiments it is found that the pressure
of the atmosphere sustains'a column of quicksilver
in the tube of the batometer ' of about 28} inches
in height, and consequently that the whole presivie
of the atmosphere is equal to the weight of a columm
of quicksilver 29} inc]'ues in height, and of an equal
bdse ; and because 29} cubic inches of quicksilver
are found to weigh about 15 pounds, therefdiii¢the
weight of the atmosphere on every square inch of

-Earth’s surface is equal to about th;uﬁwse.ight.

iz, it has been proved in the case of pdinps,

that the pressure of the atmosphere balances a

hout 341 feet highstand the
eubic foot of water, ing just 62§ -pounds,
844 % 625 =2156 weight of the

[ 8

1 From Bap® weiliht, ‘nndM;Mh

colamn of water of
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atmosphere on a base of a square foot/which,
divided by 144, gives nearly’ 15 pounds for the
weight of . the atmosphere on a square inch as
before. — Now the Earth’s surface contains, in
round nuntbers, 200,000,000 square miles, or
5,575,680,000,000,000 square feet; this, therefore,
multiplied by 2160, the number of pounds in a
square foot, gives 12,0483,468,800,000,000,000
pounds for the weight of the whole mtmospheré,
Mr. Cotes has computed that the pressure of the
atmosphere, on the whole surface of the Earth, is.
equal 10 the weight of a globe of lead 60 gnilé¥™*
in diameter. From the above calculations it ap-
pears that a middle sized man, estimating his
surface at 14 squarf feet, sustn:'m pressure of
80,240 pounds. We arc not, ir , sensible of
this enormous external pressure, because all parts
of our bodies are filled with this clastic fluid, the
spring of which is an exact counterpoise to the
weight of the atmosphere, and no more; for any
sudﬁen and considerable change in the weight of
the air which our bodies sustain, is always very
sensibly felt. On the increase’of its natural weight,
the weather is commonly fine, and we feel our-
selves more alert and active than usual; but, on
the contrary, when the weight of the ajr dimi-
nishes, the weather becomes %)ad, because the air
% sufficient ,strength to bear up the vgpqurs,

which the clouds are composed, and we
within ourselves a listlessness and inactivj
whi commonly, but&roneously, ascri!‘i&
the air’s being too ﬁeavy ut us, the very r

of whiclris actually the ¢ , .
saplegn elastic or spri
Bts, and is foundng

The atmospher
exherime iGNk compressed by differ-
ent weights, 3 aagaill. spaced reciprocally propor-

has
&e.
feel
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.

tional \y those weights; or that the more the air
is pressed the less space it occupies. It follows,
therefore, that the lowest parts of the atmosphere
must be the heaviest, as well as the most densc,
because they are pressed upon by the weight of
all the atmosphere above them, and, consequently,
‘that the air in the upper regions of the atmos-
phere, must grow continually more and more rare
a8.it ascenda higher above the Earth’s surface:
and this is the reason why clouds and vapours can
only*rise to a certain height, tor where the air in
the %}gher regions of the atmosphere  becomes
specifically lighter than the clouds themsclves, it
will, of course, be unable to support them. By
a number of very curious experiments, made with
the baromeler,wi)r ascertainng the density of the
air at diffcrent heights, it has been proved that a
cubic inch of the air we breathe would be so
much rarefied, at the height of 500 miles, that
it would fill a sphere equal in diameter to the orbit
of Saturn.

The following extract, from the writings of the
learned Dr. Horsley, so beautifully illustrative of
this subject, cannot fail of being acceptable: < If,”
says this profound and elegant scholar, ¢ the
atmosphere of the Larth reaches to infinite heights
with finite density, those of Jupiter and every
other planct will also reach .4 iufinite heights
above the surface of the planet with finite density.
The atmosphere of every planet will, therefore,
réach to the surface gevery other plaret, and
to .the surface of the Sun, and the atmosphere of
the. Sun to the surface of them all.  All these
atmospheres will mingle, and forny a common
atmdsphere of the whol@ sygtem. This common

atmosphere of .the system will ba. infinitely dif-
ﬁ.lsed’,‘2 since the particular atq*&s that com-
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pose it are so; it will reach, therefore, fo every
fixed star ; and for the same reason, that of evcr:v
fixed star will reach the central body of our sys-
tem, and of cvery other system. The atmos-
pheres of all the systems will mix; the universc
will have ‘one common atmosphere, a subtile,
clastic fluid, which pervades infinite space; and
Leing condensed near the surface of gvery largar
mass of matter by the gravitation %owards that
mass, form its peculiar atmosphere.” R

Before I proceed to speak of the refractive
power of the atmasphere, it will be necese®fy to
investigate a little the nature and properties of
light, and the generyd laws of refraction, In this
investigation I shall avoid entering largely into
the science of optics, extending my remarks ne
farther than may be requisite to give a just con-
ception of the nature and extent of celestial ob-
servations,

Light consists of exceedingly small particles of
watter, emanating in all directions from the Sun,
a torchy, or any other lumineus body ; and these

particles, by striking on our cyes, produce in us

the sensation of seeing.

By a ray of light, is mecant the least particle of
light that can be separately impelled. A pencil
of rays, is a puc%)f rays issuing from, or pro-
ceeding t?wﬂd“;‘ int. A beam of light gene-
rally mcans an-aggregate. or mass of light greater
than a single ray.. . -

The extreme mjgutenesFof the particles of light
is demongtrable Trom fact, that if a candle]
lighted, and no obstacle obstruct its rays, it will
ﬁﬁ the whole space within two miles around i, as
it were instantaneously, or before the least sensjble
part of its sub e is expenged ; £1d it has been
computed, thamards of six billions of times as
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many éﬂins of light are emitted by a burning
candle mn one second of time, as there are grains
of sand in the whole Earth, supposing every cubic
inch of the Earth to contain on& million of such
grains. Another proof of the minuteness of these
« particles is adduced from the facility with wnicn
the rays of light penetrate glass, crystal, and other
solid bodies, without the smallest diminution of
their veloelt$. ‘The exility of the particles of
lighy, is sull farther proved by the circumstance
of their not being able to disturh the smallest
partiie of dust which they may chanée to encoun -
ter in their progress, notwithstanding the incon-
ceivable velocity with which ‘lwy nove,

The rarity of light, and the minuteness of its
particles are indeed truly astonishing; yet the
velocity with which it moves is no less surprising.
A camnon-ball, moving at its ordinary rate of
about 480 miles per hour, would take no less
than twenty-two years, two hundred and eleven
days, to traverse a space which is passed by a par-
ticle of light in eight minutes, seven secqnds of
time; light travelling with the immense velocity
of 195,072 English miles per second, whereby
the rays of light pass from the Sun to the Earth
(a distance of nearly 95,000,000 of miles) in eight
minutes, seven seconds, as will hereafter be shown.
Now the force with which mdﬂiag bodies strike,
is in proportion to their > multiplied by
their velocities, and it has beep alveady shown
that light moves at the¥ate of 195,072 miles per
sécontl, which is 1,403,034 timeé¥ swifter than the
motion of a cannon-ball. IBStherefofe, 1,468,084
particles of light were equal in bulk to an ordinary

ain of sand, their effect upon our visual organs
would be equi to that of sand shot paint blank
from the mouth of a‘cannon,  *-
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Liflﬂ is sent back, or reflected, by u41at are
called opaque bodies, or those which have no
power of emitting light in themselves; thus the
Moon and planets are opaque bodies, and shine
by reflecting the Sun’s light.  But whether emitted
or reflected, light always moves in straight or
direct lines; this may be proved by looking into
a bent tube, which evidently obstructs the progress
of the rays of light in right lines.

By a medium is meant any transparent Qody
which suffers light to pass through it, as void
space, air, water, glass, &c.; these medivmfs of
course differ in density.

Lighr, consisting of material particles, must of
course be subject to the laws of attraction, by the
superior influence of which its propensity to move
in a direct line is, in certain cases, overcome. To
effect this it is necessary, first, that the rays of
light should pass out of one medium into another
of a difterent density, or of a greater or less
degree of resistance ; jand, sccondly, that they
pass in an oblique direction. , When under these
circuméfances a ray of light is bent out of its
natural course, it is said to be refracted, or
broken.

The angle of incidence is the angle masde by a
ray of light, and a line drawn perpendicular to
the refracting suffiice at the point where the light
enters that surface ; and the angle of refraction, is
the angle made by the ray in the refracting me-
dium with the same perpemdicular produced.

A ray of light passing from a rarer médium
into a more dense one, 1is refracted towards the
perpendicular ; on the contrary, a ray of light, in
passing from a dense medium into one more rare,
is refracted from the perpgpdiculag#* These general

laws of refracti%ﬂay be™familiarly illustrated by
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the fnlhwing simple experiments : — Let a'lighted
candle shine obliquely into an empty basin, and
mark the place where the shadow of the side
nearest the candle falls, then if the basin be filled
with water, without moving either the candle or
JDbasin, the shadow will be found to fall in the
bottom of it considerably more towards that side

curest thesfight than it did before.  Now vary,
3)6 eperitignt by placing a piece of silver or
shining substance ut the bottom of the empty
basit 3 and, retiring from it till you just lose sight
of ske silver picce, let another person fill the
basin with water, the picce of silver will re-appear,
although no change of pu.».itinu has taken place,
either with regard to the silvér piece or your eye,
In the first of these experiments, upon the water
being poured into the basin, the ray passes from
the air into rthe water, ahich bemg a denser
medium, the ray is refracted downwards, or towards
the perpendicular; in the latter instance the ray
proceeds from the water into the air, and the water
being the denser medium, the ray, on leayving it
is bent from the perpendicular, or towardsthe eve
of the spectator. T'his accounts for the apparent
distortion of’ bodies when dipped in a fluid, as a
walkinggstick, for instance, which upon being
thrust partly into the water in an oblique direc-
tiony . appears broken ; it also shows why, standing
by the side of a river, the bottom of it appears o
us nearer than it really is. ,

The more obliquely the ray cnters the refract-
ing medium, the greater is the refraction, and
vick versa. Therefore, when the ray strikes the
surface perpendicularly, no change of direction
takes place. The denser that any medium is, the
greater is the refeaction the rays of light suffer in
passing through it. ¢ - .
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Having explained the most remarkable proper-
ties of light, and given & general idea of the re-
fraction 1t undergoes in passing from one medium
to another of a different density, let us proceed
to apply these principles to the heavenly pheno-
mena, by showing what change the light emitted
from the Sun or planets undergoes in passing
through that immense refracting mediffilf, our owny
atmosphere, and how this change afffs our ob-
servations upon these bodies. ' .

The heigli’)t of the atmosphere, at which it is
dense enough to refract the rays of light, is #but
fifty miles, and it incrcases in density (as has
been already demonstrated) towards the surface of
the Earth. Now lef E, fig. 12., represent the
Earth, H O R the sensible horizon, and the space
between CO Dand A m B the atmosphere. Suppose
M m to be a ray of light from the Sun, and m the
point where it enter¥ the atmosphere. At this
point (the atmosphere being more dense than the
etherial regions above if) the ray of light suffers
refraction, or is bent downwards or towards the
perpenditular, and were the atmosphere of equal
density, the ray would, from this point, proceed
in a right line to the surface of the Earth; but
the density of the atmosphere increasingsas it
descends, the ray of light will be every instant
more and more refracted, and will describe- the
curve m O, increasing ify curvature as it ap-
proaches O. But since an object is always seen
in the direction in which the rays of light trom it
enter the eye of the spectator, the Sun will apfear
at N, in the direction of the tangent to the curvé
at the point O, with which the last elementagy
portion of the curve at O will of course coincide.
Hence it is evident the effect of" ion is fo
increase the apparent altitude 8f the celestial



98 LECTURES ON ASTRONOMY.

bodies® Now it has been already declared that
the more obliquely a ray of light enters a refract-
ing medium, the greater will be the refraction. As,
therefore, the rays of light from an object in the
horizon enter the atmosphere more obliquely than
in any other situation, the horizontal refraction
must obviously be the greatest; as the altitude of
he object imcreases, the refraction gradually dimi-
Nishes, and.when the object is in the point imme-
diately over the head of the observed, as at z, the
ray$ entering the atmosphere in a perpendicular
dire~tion, the refraction is nothing. The angle of
refraction is the difference bettveen the true and
apparent altitudes of the body. .
Refraction having the effect of making® all the
heavenly bodics appear higher than they really
are, causes those bodies frequently to appear above
the horizon, when they are really below it: the
Moon has even been seen eclipsed above the
horizon, while the Sun was distinctly visible:
which must evidently be caused by refraction; for
since eclipses can only take place when the San
and Moon are in Uiametrically opposite points of
the heavens (as will hereafier be demonastrted)
they could not both be visible at the same time.
The horizontal refraction, indeed, is sufficient to
produce this effect, being at a mean state of the
atmogphere 80’ 51", which is nearly equal to the
apparent diameter of the Sun: this is also the
reason why the length of the longest day exceeds
that of the longest night. The oval forin of the
Sun and Moon, at rising and setting, is to be
astributed to the same cause, for the lower limb of
either of those bodies being more refracted than
thé upper, causes a decrease in its perpendicular
dismeter, whilg the transverse or horizontal dia-
meter remains thecsanie. For this reason, also,
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the vertical distance between any two stars near
the horizon, accufately measured by any instra-
ment, is found to be considerably less than when
they are at any considerable elevation, the lowest
star being most affected by refraction. If the circle
in which the two stars are placed be parallel te
the horizon, their apparent distance is also less
than the true; for as the eftect of refraction is (y
make them appear in a more elePated parallel
than that which they really occupy, and as these
parallels become less and less in proportion to
their clevation above the horizon, it is cb%ious
that the distance between any two stars diminishes
in thegsame proportjon. Tables of refraction for
different heights m‘t{, constructed by taking the
altitude ot circum-polar stars, when they come to
the meridian above and below the pole: the refrac-
tion being much greater when they come to the meri-
dian below the pole than above it, it is clear that
the true elevation of the pole is not an arithmetical
mean between these twp altitudes of the star; the
refraction for different altitudes is therefore ascer-
tained “by observations upon stars at different
distances trom the pole. As, however, refraction
depends entirely upon the density of the atmo-
sphere, which varies with the temperature, different
kinds of vapours, quantity of moisture, &c. it
may contain, it is evident that these tables ecan
exhibit only an approximation to the truth; the
numbers in them must thercfore be corrected
according to the state of the barometer and ther-
mometer at the time of observation, or for Which
the refraction is wanted. Tables of refraction Yor
different altitudes, with the necessary correctjons
for the state of the barometer and thermometer,
are to be met with in mosj, mzatisd on nstrono?ny.
F 2
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The greater the condensation of the air the more
is its refractive power increased; accordingly, its
effects are found to be most considerable in cold
weather and in high latitudes.

The cffect of refraction upon terrestrial objécts,
seen at a great distance, is also similar to those
effects already mentioned, and often gives rise to
very singular appearances.

Besides the refractive power of the atmosphere,
whizg has now been described, it is endued with
a reflective power, by which part of the Sun’s
light ic thrown back to the Earth, while his direct
rays are intercepted by the horizon. This takes
place both before the Sun rises in the morning,
and after he sets in the evening ; and the faint light
thus produced is called the twilight, or crepuscular
light.

gThe twilight usually begins in the morning
when the Sun is within 18° of the horizon, and
ends in the evening when he has sunk 18° below
it. It is of the longest duration when the arparent
path of the Sun in the heavens is most oblique to
the horizon ; this, as will hereafter be sedlfy takes
place in winter and summer, when his declination
being great, his perpendicular distance from the
horizon dncreases slowly. In spring and autumn,
when the Sun is near the equator, the twilight is
of short duration, because the Sun’s distance from
the horizon rapidly increases. The higher the
latitude, therefgre, the longer the twilight con-
tinues; the effect of this is, however, in some
degree éounteracted by the following gjrcumstances.
It 1s to be observed that the atm ere, envelop-
ing all parts of our globe, if they both continued
at rest, and had no rotation about a common
axi§, would, by the laws of gravity, be perfectly
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globular; but as the Earth and the circunfambient
parts of the atmosphere revolve uniformly together
about their axis, the different parts of both have
a centrifugal force, the tendency of which being
more considergble as the parts are more remote
from the axis of rotation; the figure of the ats
mosphere is effected in the same manner as I have,
in a former Lecture, shown the figure of the Earth
to be, and consequently becomes arp oblate spHé-
roid; the parts that correspond to the equator
being farther removed from the axis than the parts
which correspond to the poles. The tempgrature
of the atmosphere also assists to produce this
effect; for heat, by its expansive power, having a
natural tendency to' increase the height of the
atmosphere, it is evident that from this latter
cause the evening twilight ought to be of longer
duration than the morning, and from both, that
the twilight at the equatorial regions should ex-
ceed that of higher latitudes ; Jhe evening twilight
at the equator ought, therefore, were these the
only circumstances to be considered, to be the
longes#dpossible. The duration of twilight in our
latitude is found to be the shortest about the
beginning of March, and towards the middle of
October. .

We bave now investigated, at some length,
those properties of the atmosphere immadiately
connected ' with the science of astronomy; and
were we stepping aside, as it were, from our pre-
scribed path, to enter into the detail of all the
wonders it tains, we should in this, ag“insev

art of the creation, find an inexhaustible field

xn' admiration and deep research. Here the yital

principle exists, and here the source of that uni-

versal decay which takgs place among all Bub-

lunary bodies is to be met® with: in this ever-
F 3
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v:arying\soene, corruption and dissolution are con-
tinually taking place; and it mdy indeed be con-
sidered the region of wonders, and the vast théatre
in which all those surprising phenomena, known
by the general name of meteors, gre exhibited.
And since these appearances, though they are not,
perhaps, strictly speaking, of an astronomical
nature, seem to be, at least in some degree, related
t" the heaverly phenomena in general, I shall
conclude this lecture with a very concise descrip-
tion Of some of those meteors which seem to be
the magst curious and interesting.

The term Meteor is, indee(f,' by some writers,
restricted to luminous bodes appearing at uncer-
tain times, and with more or'less motion, in the
atmosphere. In a morc extended sense, however,
it comprehends all the visible phenomena of me-
teorology. One of the most beautiful ef these is
that well-known phenomenon, called, in.pf)et.ical
language, the Iris, but more generally denominated
the Rainbow. For the explanation of this appear-
ance we are indebted to Sir Isnac Newton, who
demonstrated it to be occasioned by the réflection
and refraction of the rays of light in the cloud in
which it is perceived. I assumes a semicircular
appeararce, because it is under certain angles that
the refracted rays become visible; these are, how-
ever, so depemfent upon the situation of the eye,
that if the spectator alter his station he will still
see a bow, but not the same bow he saw before,
and if there be several spectators, each will see a
different rainbow. The angle between the inci-
dent and emergent rays being different for the
.different colours, the seven primary colours ob-
servable in this bow arise from each being re-
flected under the angle in which alone it can
become visiblé. In drder that a rainbow may be
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seen, the spectator must be placed between the
shower and the Sap, which last must be elevated
at least 42° above the horizon.

A secondary, or false bow, occasioned by a double
refraction and geflection of the rays of light, is some-
times seen, appearing externally to embrace the
primary bow; in this, however, the colours are’
not only fainter, but what is most remarkable, are
arranged in an inverted order, in gpnsequence of
the light entering at the inferior parts of the drops
of rain, and being transmitted through the supe-
rior. The colours of this exterior bow are fainter
than those of the other, because the drops‘%eing
transparent, a part of the light is transmitted, and
consequently lost, a#each reflection.

The phenomenon called the Marine Bow is
somctimes observed in a very agitated sea, when
the wind sweeping part of the tops of the waves,
and carrying them alofi, the Sun’s rays falling
upon them are refracted and reflected, as in a
common shower, and the appearance of the bow
produced in a manner*altogether similar.

Bowg have even been scer on the grass,. formed
by the fefraction of the Sun’s rays in the morn-
ing dew.

e halo, or corona®, is a luminous circle sur-
rounding the Sun, the Moon, a planet, dr a fixed
star. It is generally perfectly white, but some-
times coloured like the raiuzow: those’ Which
have appeared round the Moon or stars are usually
of a very small diameter, but those about the
Sun are of various magnitudes, and sometimes
immenstly large. In those which are coloyped,
the colours are fainter than those of the rain-

1\ From corona a crown.
1' 4' [ ] v
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bow, and seem to undergo every diversity of
arrangement. -

Parhelia’, or mock suns, occasioned, like the
halos, by the reflection and refraction of light,
are very brilliant appearances, d sometimes
almost equal the luminary himselfin splendour;
*they are generally about the size of the true Sun;
but when several of them appear at once they are
ngt equally lyminous. They are externally tinged
with colours like the rainbow, are not always
circular, and are sometimes accompanied by a
long train of light or tail, in an opposite direction
to that of the gun, and growing paler as it ap-
proaches the extremity. Dr. Halley observed
one with tails extending both vays, and Mr. Weid-
ler observed a similar phenomenon, one tail being
directed up and the other downwards. Parhelia
are generally accompanied by coronas, and gome-
times by a large white circle parallel to the
horizon, passing through all the parhelia, and
which, if entire, would pass through the centre of
the Sun.

Paraselenee 2, or mock moons, have been some-
times observed, but these, like the parhelia, very
seldom occur.

Ealling stars are generally supposed to be com-
posed of“the hydrogen %as produced in marshes
and stagnant waters. This gas, rising into the
uppér regions of the atmosphere, and being of a
very inflammable nature, is there ignited by elec-
tricity, producing those meteors commonly called
falling or shooting stars. .

Fire-balls are a class of meteors which' were
regarded by the ancients as the infallible har-

+ From wapd with, or in addition to, and #afos the Sun.
¢ From wapd and cexppmthe ‘Moon.
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bingers, or indications, of great and awful events
in tie moral and political world. These pheno-
mena, although they are sometimes seen in the
temiperate climates of Europe, are far more com-
mon and stupendous in the tropical regions. Most
of thesc metedks are nearly round, are frequently
seen at a very (i;reat elevation above the surface of*
the Earth, and travel with an immense velocity.
One of these, seen in this country in the y
1788, an account of which appearedin the Philo-
sophical Transactions of the following izvear, had
the appearance of a luminous ball, which rose in
the N.N. W. nearly round; it soon after be€ame
elliptical, and gradually assumed a tail as it
ascended, and in a certain part of its course
secmed to undergo a remarkable change, compared
to bursting, after which it was apparently divided
into a cluster of balls of different magnitudes, and
all cariying or leaving a train behind ; till, having
passcd the east and varying toward the south, it
gradually ascended and disappeared. This meteor
was seen in all parts of Great Britain, and even as far
as Rome, and is'supposed to pave described a tract
of 1000 miles at least over the surface of the Earth. .
The splendour of these meteors is frequently so
reat as.totally to obliterate the stars, and cause
the Moon to look dull and red, occasioned, pér-
haps, by the contrast of colour, as these meteors
always shine with a bright blueish flame. .The
sometimes disappear without any explosion, thoug]
this is not generally the case, almost all the larger
fire-balls having been observed to disappear with
very great ones, at which time heavy stony®sub-
stances have fallen from them. *
These are denominated meteoric stones; gnd
though accounts of the descent of these bodies
had lgrom time to time begn gublished, they were
rs5
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long discredited: the most irresistible proofs of
these bodies having fallen” from the atmosphere
have, however, been obtained; and many of those
which have fallen in different places have béen
analysed with great precision by Howard, Vau-
quelin, and others.

* These stones contain silex, sulphur, nickel, &c.,
and exactly resemble one another, both in internal
epmposition, and external appearance, although
entirely diffefent from every other mineral produc-
tion of the countries in which they are found.

Most of these stones have been preceded by the
apptarance of such luminous bpdies or meteors as
have been described, which bursting with an ex-
plosion the shower of stones gnsues. ~ These stones
sometimes continue luminous till they sink into
the Earth, but most commonly this Juminous
anearance vanishes when the explosion takes
place.

The origin of meteoric stones has never been
satisfacwri‘fy accounted for. Dr. Chladni sup-
poses the meteors from which they fall were bodies
floating in space, unconnected with any planetary
system, attracted by the Earth in their progress,
and kindled by their rapid motion through the
atmosphere. La Place is of opinion that these
stones are projected by lunar volcanoes, within the
sphere of terrestrial attraction. The arguments
empleyed by this able astronomer in suppogt of this
hypothesis are too long to be introducéd™in this
pﬂtce, and would, perhaps, at last barely prove
that this origin of aerolithes ! comes within the
limits of possibility. The most prevalent opinion
among modern philosephers is, that they are con-
cretions actually formed in the atmosphere itself,

! From aip pir, and Aldos a stone.
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and this supposition certainly appears to be the
most probabﬁe, although perhaps the manner in
which these stones are formed will for ages remain
mere matter of conjecture.

The Ignis Fatuus, or Wandering Fire, called also
Jack with the Lantern, and sometimes Will o’ the
Wisp, is a meteor far better understood than the
one last mentioned; philosophers being generally

reed in ascribing this appearance to some vola-
tile phosphoric vapour, it being usualy visible abgut
damp places, burying-grounds, &c., where phos-
phoric matter may be presumed to abound. The
motions of these meteors are very irregplar, some-
times sinking towards the Earth, sometwt'otally
disappearing : they frequently change th dolour,
expand, or contract generalfy grow fainter as any
person approaches, and vanish entirely if any one
comes very near to them, appearing again at some
distance. Dr. Shaw describes one seen by him in
the Holy Land, which seems to have been of
a rather peculiar kind. This meteor was some-
times globular, or in the form of the flame of a
candle, and immediately afterwards spread itself
so as to involve the whole cempany in a pale light,
entirely destitute of heat; it then contracted itself
and suddenly vanished: in less than a minute it
aﬁ'n became visible, running alopg from plage to
place, or expanding itself over more than three
acres of the adjacent mountains. The atmosehere
he déseribes as thick and hazy at the tinte.® Sir
Isaac Newton defines the ignis fatuus, ¢ a vapour
shining without heat.”

The Aurora Borealis, Northern Lights, or
Streamers, is a kind of meteor seen in the northern
parts of the heavens, and is most conspicuous in
the winter and in frosty weather. This meteor
presents a most interesting appearance; and by its

? 6o
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constant effulgence the traveller in Lapland and
Sweden is furnished with a brilliant light during
the whole night. In, the north-eastern parts of
Siberia, these Northern Lights are said to assume
a peculiarly grand appearance, which generally
commences with single bright pillars rising on the
north and north-east; these gradually increasing
comprehend a large spate of the heavens, rushing
about from place to place with incredible velocity,
tilk at length they nearly cover the whole sky,
causing the heavens to appear like one vast dome,
glittering with gold, rubies, and sapphire. The
hissing noise which accompanies this truly im-
posing tacle adds to the awfiil sublimity of the
scene. r. Cotes attributes this phenomenon to
streams emitted from the hetérogeneous and fer-
menting vapours of the atmosphere ; it is, however,
more generally ascribed to electricity.

I have now described the principal of those
phenomena usually termed Meteors; and as in so
doing I have already extended this Lecture beyond
my usual limits, my observations upon those yet
remaining to be spoken of will be comprised in a
few wordﬁ. "

The vapour raised by the heat of the Sun
during the day from the surface of the Earth and
waters, being condensed by the cold of the night,
descends ‘in 51e form of what is called Dew, which,
if the cold be severe enough to freeze the particles
that Eon‘npose it, becomes hoar-frost. -

Snow is formed by a regular process of crys-
tallisation among minute frozen particles of water
floating in the air; and from the structure of a
crysraFof snow it is evident that adrop of rain
is formed by the junction of a great number of
smaller drops. When these come suddenly toge-
ther in the act of freezing they form a nucleus of

‘
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ices of a spongy texture; this, in passing through
a large portion of vapours in its descent, becomes
encrusted with clear ice, and constitutes hail in
the form we usually see it: when the nucleus falls
unencrusted it may be considered an indication of
severe frosts.

Thunder and lightning are phenomena, the.
effects of which are too well known to need any
description. The cause of thunder is the samg
with that which produces the ordinafy phenomefia
of electricity : the cloud which produces the thun-
der may be considered as a great electrified body ;
if, therefore, this meet with another cloud, which
is either not electrified, or electrified in a less degree
than itself, the electric matter flies from all parts
towards tais cloud, ahd thus the flashes of lightning
and the report of thunder are produced.

The last meteoric phenomenon I shall notice is
the water-spout.  This is an aqueous meteor com-
mon in the tropical seas, and sometimes seen in
our own: they havealso, though not so frequently,
been observed on land. This formidable pheno-
menon is, by the majority of philosophers, attri-
buted to the same cause as that by which a
whirlwind is produced on land. If, by any ex-
treme and sudden rarefaction of the air a vacuum
be produced over any part of the surfacg of the
sea, the atmosphere which presses powerfully
and equally upon every other part of the sugface
forces the water to rise up in the vacuum, which
ascends to the clouds in a column or canal, as
thick as a man’s finger, his arm, and sometimes
his whole body ; having reached the cloud avhich
hangs over it, it spreads out like the mouth of a
trumpet and mixes with it, and in some cases
perhaps produces the cloud itself. These phéno-
mena last for several minytes, the canal then ledsen,
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byd till it altogether disappears, when the
sea m it resumes its level. If one of these
water-spouts fall upom a vessel, the force and
quantity of its waters are sufficient to destroy the
rigging, inundate the ship, and sink it in the
deep. To avoid these fatal consequences sailors,
.when they observe the approach of a water-spout,
nerally endeavour to break it by firing at it
fore it comes too near the ship. These terrific
fheteors have also been known to commit great
devastation by land.
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LECTURE VIIL

A GENERAL VIEW OF THE APPARENT MOTION oOf
THE HEAVENS AS SEEN FROM DIFFERENT PARTS
OF THL EARTH'S SURFACEL.

Frox the very comprehensive view of the bodies
composing the planetary system contained g the
preceding Lectures, we shall be naturally led to en-
quire into the motions of those bodies, and the
various phenomena’ to which they give rise. In
illustrating these subjects I shall first give a brief
sketch of the apparent motions of the heavenly
bodies in general as viewed from different parts of
the Earth, and shall then proceed to give a full
explanation of the phenomena peculiar to each
body or class of bodigs of which the planetary sys-
tem consists. That these subjects may be fully
understood, it will be propet to commence with an
explanation of certain astronomical terms, which
are likely to occur in the course of our investi-

tions. .

If a spectator be placed on some extensive plain,
with no intervening object to interrupt his view,
he will find his prospect terminated by a vast
circle in which the earth and heavens seem to
meet. From this circle, which is called the Sen-
sible Horizon, the heavens will appear to yise like
a vast hemispherical vault over his head. The
Rational Horizon is a circlet the plane of which is
imagined to pass through the centre of the Earth,
parallel to the plane otz th.e sensible horizom, and



112 LECTURES ON ASTRONOMY.

like that to be extended in every direction to the
sphere of the heavens, which it divides into two
cqual parts or hemispheres. The Earth, although
a body of great inagnitude, is but a mere point in
comparison of the immense distance of the starry
heavens, and consequently these two parallel cir-
gles, though really a semidinmeter of the Earth
distant from each other, may be reckoned coinci-
dent in the sphere of the heavens, the distance
between them being too small to be measured by
the most accurate astronomical observation ; hence
it is that every observer will constantly have one
half of the heavens above and the other below his
horizon ; the former is therefore called the visible,
and the latter the invisible hemisphere.

The poles of the horizon are called the Zenith*
and Nadir : the Zenith is the vertical point, or that
point of the heavens immediately over the head
of any person : the Nadir is that point of the hea-
vens directly under his feet; hence it is evident
that with regard to two persons inhabiting diame-
trically opposite parts of the earth these are
convertible terms, that point of the heavens which
is the zenith of the one being the nadir to the
other, and vice versa. .

Almacanters? are circles supposed to be drawn
in the celestial sphere parallel to the horizon; and
because the altitude of any heavenly body is greater
or less as the almacanter in which it is situated is
further from, or nearer to the horizon, these
circles are frequently termed Parallels of Altitude.

' The terms Zenith and Nadir are corruptions of two
Arabic words, one signifying the vertical point, and the other
the point opposite to the vertex.

¢ From Almokenter,n word partly Greck and partly Arabic,
signill:'y:ng acircle having its centre in the same axis with
anothér. -
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If we imagine a number of circles to be drawn
through the zenith and nadir of any place, these
circles, which will of coursé be perpendicular to
the horizon of that place, are called Vertical’
Circles : those which intersect the horizon in the
east and west points being denominated Prime
Verticals. That vertical circle which passes through
the north and south points of the horizon is termed
the Meridian; and since the altitude ofany heavenly
body or its height above the horizon is the arc of
a vertical circle intercepted between that body and
the horizon, the altitude of any body situated, on
this vertical is called its meridian altitude.

Vertical circles are also called Azimuths?, and
sometimes Secondarkes to the horizon; and in
general any great circles which are imagined to
pass through the poles of another great circle are
termed Secondaries of that circle.

The time that elapses between the rising of any
heavenly body and its arrival at the meridian is
called the Semidiurnal Arch : the distance of that
point of the horizon on which any object rises or sets
from the east or west points of the horizon is called
its Eastern or Western Amplitude; and the arch of
the horizon intercepted between the meridian and
the vertical circle passing through any object is
called its Azimuth, and is equal to the angle at the
zenith formed by the meridian and vertical cirgle;
the azimuth of a star when in the horizon being
the same with the compliment of its amplitude.
Hence vertical circles are also called Azimuth
Circlgs, or Azimuths.

The ecliptic has been shown to be inclined o
the equator at an angle of about 23° 28’, and there-

.
1 From vertes the point oyer head.
* From an Arabic word signifyfhg a point or mark,
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fore the poles of these circles must be 28° 28/ dis-
tant from each other. A great circle passing
through the poles of the ecliptic and the cquator
is called the Solsticial Colure!, and another great
circle at right angles to the former, and passing
_through the poles of the equator and the points
Aries and Libra, or the equinoctial points, is called
the Equinoctial Colure.
- The rising and setting of the heavenly bodies,
or their ascent above, and descent below the ho-
rizon of any place, together with their apparent
motion through the visible hemisphere, are the first
phenomena which arrest the attention of an inha-
bitant of the Earth. It is, however, to be observed,
that those appearances do not take place under
precisely the same circumstances at all places on
the Earth’s surface. For the Earth being a globular
body places may be cither under the equator or
the poles, or they may be between both; and ac-
cording as places are thus differently situated so
will the heavenly bodies appear to an inhabitant of
any one of them to revolve round the earth once
in twenty-four hours, in a manner very different
from that in which they will appear to move to an
inhabitant of either of the other two. ~An observer
any where on the equator will have both the celes-
dai' poles in his horizon, and consequently the
heavenly bodies will appear to rise and set per-
pendicularly; and onaccount of the circles deseribed
by those bodies being cut at right angles by his
horizon he is said to have a right position of
the sphere. To an observer so situated all t S
will appear to rise and set once in twenty=four
hours; and as the circles or parallels of motion
v ¥
1 From xoAspos mutilated, hecause that past of thesa circles
which is near the south pole are never above our horizon.
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of the Sun and stars are divided into two equal
parts by his horizon, the days and nights will be
equal to him throughout the whole year. In this
position of the sphere the equinoctial or celestial
equator becomes the prime vertical.

To an observer at either of the poles, the hori-
zon and equinoctial coincide, and, consequently,
the poles of the world are in his zenith and nadir;
and since the Sun, Moon, stars, &c. will appear to
him to move in circles parallel to the horizon, he
is said to have a parallel position of the sphere.
Those stars which are contained in his visible he-
misphere will never set, and those in his invisible
hemisphere will never rise ; and as the Sun will be
for one half of the yeAr above and the other below
the horizon, he will have but one day and night
throughout the whole ycar. :

The moon, also, for the same reason, during one
half of her monthly revolution, will never rise above
and during the other will never set below his ho-
rizon. It is obvious that in these and similar ob-
ser¥itions the refractive power of the atmosphere
as explained in the sixth Lectdre are not taken into
account.

An observer between either of the poles and
the equator is said to have an oblique position of
the s(;)(ilere, because the heavenly bodies seem to
rise and set obliquely, and all the parallel$ in_the
sphere of the heavens have their planes obliqueé to
the plane of his horizon. Since these celestial pa-
rallels become smaller as they recede from the
e tial, towards either pole, it is plain that in
an oblique sphere some of the parallels intersect
the horizon at oblique angles, while some are en-
tirely above, and some below the horizon. The
largest parallel in the sphere of the heavens which
appears entire above the hor®on of any place, in-



116 LECTURES ON ASTRONOMY.
cluding all those stars which never set to that place,
is called the circle of perpetual apparition, and the
largest parallel which never ascends above the ho-
rizon of any place, including all those stars which
never rise, is called the circle of perpetual occulta-
tion. The stars comprehended within these circles
* (the magnitude of which varies with the distance
of the place from the equator) are called Circum-
spolar Stars. ,

The circles of perpetual apparition and occult-
ation of any place are as far from their respective
poles as the place is from the equator ; that is, their
distance from the poles is equal to the latitude of
the place ; hence, to the inhabitants of London all
those stars which lie within gbout 51° of the north
pole never set, being within the circle of perpetual
apparition of that place, and all those which lie
within the same distance of the south pole never
rise, being within the circle of perpetual occultation.
The nearer, therefore, that any place is to one of
the poles, or the greater the latitude of any place,
the larger are the circles of perpetual apparition
and occultation of that place, and consequently at
the poles, or to those who have a parallel position
of the sphere, the equinoctial is both the circle of
perpetual apparition and occultation ; for the equi-
noctial coinciding with the horizon, all the parallels
on one side of it are entire above, and all those on the
other side are entire below the horizon : thus to an
inhabitant of the north pole all the nortkern paral-
lels are entire above his horizon and never set,
all the southern parallels are entire below hisfjori-
zon and never rise; while to an inhabitant of the
south pole the reverse takes place, the southern pa-
rallcls are above his horizon and never set, and the
northern parallels being entire below his horizon
never rise, In a right position of the sphere,
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or to those who live on the equator, there can be
no such thing as a circle of perpetual apparition
or occultation, as no parallel appears entire above,
or is hid entire below their horizon.

By reason of the Sun’s apparent motion among
the fixed stars, the rising and setting of these .
bodies have been observed in reference to that lu-
minary, as well as in regard to the position of the
sphere. They are considered as of ¢three kinds,”
and distinguished by the names of Cosmical,
Achronical?, and Heliacal.® These are usually
denominated the poetical risings and settings of ghe
stars, being mostly taken notice of by the poets
and historians. The knowledge which the ancients
had of the motions of the heavenly bodies not being
sufficient to adjust the true length of the year, the
same day of the month did not always correspond
with the same season of the year, and as the returns
of the seasons depend upon the approach of the
Sun to the tropical and equinociial points, so they
made use of these risings and settings to determine
the commencemnent of the different seasons, and
censequently the knowledge of'these poetical risings
and settings of the stars were among them held in
great estimation.

Since the reformation of the calendar by Julius
Ceesar, they have however fallen into disuses the
information which the moderns have acquired, of
the heavenly bodies rendering these, like many
other obse¥vations highly esteemed by the ancients,
in a great measure useless ; and they are now chiefly
emloyed in comparing, illustrating, and explajning
passages otherwise obscure in the ancient writers.

t From xospos the world.
¢ From axpov & point and vof night.
3 From waws the Sun. =
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The cosmical rising of a star is when the star
rises along with the Sun, the sunrise indicating,
as it were, the morning of the world. It the star
set at the time the Sun rises it is snid to set cos-
mically.

A star or planet rising at sunsct is said to rise
acronycally, in which case the star or planet is
sometimes said to be acronycal.  The star or pla-
net is saideto set acronycally it it set with the
Sun.

A star or planet is said to rise behiacally when,
after having been in conjunction with the Sun, it
rises in the morning so long before him as not 1o be
rendered invisible by the brillianey of his light, and
to set heliacally when it sets®%o long after the Sun
as not to be hidden by his beams.

The brightness of the Sur’s light not only ob-
scures and renders invisible those stars that are
very ncar him, but extends its influence to those
that are at a considerable distance from him ; the
distance of the stars, therefore, tfrom the Sun at
the time of their heliacal rising and sctting, must
vary according to thtir different degrees of magni-
tude and brilliancy; forit is evident that the brighter
a star is the less will the Sun be depressed below
the horizon, when that star first becomes visible.
Stars of the first magnitude may be seen rising and
setting when the Sun is 12° below the horizon ;
stars of the second magnitude, when the depression
of the Sun is 139, and so on, one addi:ty\al degree
of depression of the Sun being required for every
decrease of magnitude in the stars.

.The name of Dogeays still given to about 39
“dhys of the year scems to be a solitary vestige of
this ancient method of reckoning, although every
one at all conversant with the science of astronomy

must be aware that what are now termed the Dics
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Canicalares, or Canicular Days, have no connection
with the heliacal rising of the dog-star. The
“ Dog-Days” begin in our almanacks on the 3d
of July, or 12 days after the summer-solstice, and
end the11th of August, or 51 days after that period;
their continuance, therefore, is 39 days. But Sirius,
rises heliacally at London on the 25th of August,
or 13 days after the dog-days, and hence it appears
that the heliacal rising of Sirius is equite uncon®
nected in our latitude, at least, with what are called
the Dog-Days. The ancients reckoned the begin-
ning of the dog-days from the heliacal rising of
Sirius. The Sothic year of the Egvptians was so
called from its beginning on the first day of the
month Thoth, or that on which Sirius or the Dog-
Star rose heliacally.  They are supposed to have
commenced their year at this time, because the
over-flowing of’ the Nile was annually announced
by the heliacal rising of Sirius ; and they even ima-
gined this star to be the cfficient cause of the over-
flowing of the river, and from its colour at its first
appearance prognosticited what kind of seasons
were to ensuc.  If it rose ofea fine golden colour,
it was considered as a good omen, and a fruitful
year was expected ; if pale and dim. it was looked
upon as portending scarcity.  The name Sirius
given to this star is supposed to have Ueen de-
rived from its rising heliacally shortly afier the time
that the Sun was in Leo, at which time he'was
adored by, the Egyptians under % name of Sir or
Osir, and™the river Nile which, beyond Syene, is
called Siris, received this name from its having at-
tained its greatest elevation,at this time. The gn-
nual re-appearance of this B€autitul star, as it wef
to warn the people of Egypt of th¥ approaching in-
undation, probably sugge.s}ed therepresentation of
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this constellation under the figure of a dog, an ani-
mal eminently distinguished for its fidelity and
watchfulness.

Having contemplated the general appearances
of the heavens as viewed from different parts of the
_Earth’s surface, we shall be fully prepared to pur-
sue with effect our investigations respecting the
phenomem peculiar to the various bodies that
¢ompose our planetary system.
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LECTURE VIIL.

THE PHENOMENA OF THE SUN AS SEEN Ft?M THE
EARTH. — OF THE APPARENT DIUI‘NAL REVOLU*
TION OF THL SUN j — CAUSED BY THE ROTATION
OF THE EARTH ON ITS AXIS. — THE VARIATION
AN THE LENGTHS OF DAYS AND NIGHTS AND THE
VICISSITUDES OF THE SEASONS EXPLAINED.

Tue Sun has already been described as the grand
head -of our system, and the centre round which
the planets with their attendant satellites- revolve.
In contemplating, therefore, the phenomena pre-
sented to the observation of an inhabitant of our
Earth, by the various bodies of which the planet-
ary system consists, it will be proper to commence
with those which scem to result from the apparent
‘motions of this laminary. ¢

The regular return of day, and night, or the
alternate change from light to darkness, and from
darkness to liéi)t, which takes place on our Globe,
(and to most of the habitable parts of its surface,
once in twenty-four hours,) together with the,or-
derly succession of the seasons,, are phenomena
which cangot fail to have attracted the attention of
mankind from the earliest period, and even long
before Astronomy began to be cultivated.as a
science. During the pr?@qassive improvement
which this science has un erg*, ‘?Ae lar ifi-
crease and decrease in thé length #f the ays and
nights, the vicissitudes of, the sedSons, and m fact
every thing relating to, or il any way-connected
with, or necessagy fog o% an accurate di¥i-
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sion bf time, have been so minutely and thoroughly
investigated, as to have enabled astronomers to
furnish us with a Calendar, which, in its present
improved state, may be ceusidered & very near
.approximation to perfection.

t is mot my intention, however, to enter upon
a detail of the attempts that have been made to
feform the Calendar, the chief objeet of which being
to accommodate it to the periods of a solar and lanar
revolution, could not with propricty be introduced
in ghis place, my design in the present instance
being to confine my observatious to those pheno-
mena which are exhibited by the Sun only, with
respect to the Earth. '

It we direct our view towards the east, a little
before the rising of the Sun, we shall perceive a
faint light gradually diflusingit~cIf upon the horizon,
each moment becoming more and more brilliant,
and expanding through the heavens. The horizon
now becomes tinged with the most vivid hues
through one half of its extent, above the eastern
verge of which, the Sun is seen majestically rising
into view. After ascending above the horizon, his
height and the splendour of his beams gradually
increase, and he continues to ascend till he has
attained the highest point of his path. His alti-
tude pow begins to diminish; he descends in a
direction opposite to that in which he was observed
to rise, and at length sinks below the western verge
of the horizon, which exhibits similar appearances
to those that were observed about the eastern side
iz the moming : this_illumination, however, gra<*
dually beco intér, as the Sun’s depression
below the horizoh increases, till having reached a
eeftain point, it altogether disappests. After re-
‘mgining invisible fot some time, the San again
se-appears- near tHiSiilithe pajnt where he formerly
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rose into sight; be again performs his ?Onmey
through the heavens, and again sinks below the
horizon, and is lost to our view.

Now, since the Sun (as will be proved in its
proper place) remains stationary in the centre of
the planetary system, his apparent diurnal motion”
from cast to west through the heavens must be
caused by the rotation of the Earth on its axis from
west to east, or in a contrary direcfion to that in
which the Sunappears to move.  When any place
by the motion of the Earth on its axis is brought
immediately under the Sun, the Sun is said to Be in
the meridian of that place, to which it is then noon
or mid-day; and all ghose places which have their
noon at the same time are said to be on the
same meridian.  The time which elapses between
the arrival of the Sun at the meridian of any place,
and his next subsequent arrival at the same meri-
dian, is called a natural day; and this, were the
sarth in other respects at rest or stationary with
regard to the Sun, weuld be obviously equal to
ibe time in which the Earth performs an exact re-
volution on its axis. The natural day is divided
into twenty-four equal parts called hours, each of
which is subdivided into sixty equal parts called
minutes, and each minute into sixty equal parts
called seconds; and, therefore, since the equator is
divided into 860°, and the Earth turns rouh®Pits
axis once in 24 hours, there must be a revolution
of 15° of the equator in one hour of time, or in
other words, 15° of the equator will correspond
to one hour of time, and consequently when it j

noon at any one place, it will be one o’clock at :
places 15° eastward of it, and o’clock at-all
places 15° west of it, and so on. )
If;” therefore, we imaghie stwelve great circles,
one of which is the merW a given place, to
G 2 =
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intersegf each other at the poles of the earth, and
divide the equator into twenty-four equal parts,
those are the hour-circles of that plaee, and are by
the poles, themsclves, divided into twenty-four semi-
circles.

* I shalk proceed to illustrate what has now been
said by means of diagram 2., in which let § be the
Sun, and IT A O B Le the Earth, of which the
northern hemisphere only is visible in the figure ;
A the place of an observer on the equator; P the
north pole, or northern extremity of the axis on
which the Earth revolves, and the puint wherein
the hour circles or meridians interscet each other;
the line A P buing the meridian of the place A, to
which an index is attached ; and H O the horizon
of the observer at A; the projections on either
side of the Earth are called the morning and even-
ing twilight.  On the plaue to which the Earth is
fixed is a horary circle, the divisions of which coin-
cide with the hour-circles drawn upon the figure
representing the Earth,

This diagram being fixed on the machine, if the
index be set to the midnight 12, or to that 12
which is most distant from the Sun, then, to an
observer at A, the Sun is evidently invisible. The
Earth being now made to revolve on its axis in
the order of the figures on the horary circle, till the
index ‘points to about twelve minutes before five
o'clock, the Sun being about 18° below the horizon,
the morning twilight ecommences and ends when
the index points to six o’clock a. M., at which time
the Sun will become visibje to the spectator at A,
and will appear to rise d#ascend abovehis horizon.
Asthe Earth’s midtion continues, the height of the
Sun above the horizon gradually: increases, jjl the
index points to twelve o'clock at noon, when the
Sun will appear to bave attained his greatest eleva~
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tion, or to have arrived at the highest point of his
apparent path through the heavens. Thé motion
of the Earth being continued, the height of the
Sun gradually decreases, and when the index points
to six 1 My, or when it is six o’clock in the evening
to the observer at A, the Sun appears to set or to
- descend below his horizon. The evening twilight
anow commences, aid ends at about twelve minutgs
past six, when the Sun will have s@nk about 18°
below the horizon: from this time the spectator .is
involved in total darkness till about twelve minutes
before five in the morninug, whea the twilight egain
begins and ushers in the succeeding day.

It has already begn observed that the hour-cir-
cles are divided by the poles of the Earth into 24
semicircles, which are the meridians of the places
through which they pass, and that these semicircles
intersect the equator in 24 points, cqually distant
one from another, and consequently divide it into
twenty-four equal parts, each of which contains 152,
and corresponds to an hour of time. A bare view
of the figure is sufficient tg corroborate these ob-
servations, and also to show that all those persons
whose meridian is 15° east of any particular place
have the noon, and consequently every other hour
of their natural day, an hour sooner than those at
the given place; while those persons whose meri-
dian is 15° west from that place have thein moon,
and eyery other hour of their natural day, one
hour later. Hence it is that a person setting out
from any place and sailing eastward quite round
the globe will reckon one more day to(imve’passed
during thg time of his voyage than they do &ho
have remained all that time at the place whenge he
set out, and consequently at his return thitheg will
count the day of the wedk apd month one day for-
warder than the inhabitants of that place; thus

¢ 3
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their Monday will by him be accoungged Tuesday,
their Tuesday will be his Wednesday, &c.: in like
manner, a day which they would reckon the first
of the month, he will consider the second of the
same month ; what to them will be the second of
the month, will be his third, and so on. 1, instead
of sailing eastward, his voyage be performed in a
contrary direction, that is, it he sail round the Globe
westward, he’will appear to have lost a day, and
will, upon his return, reckon his time one duy be-
hind those who dwell at the place from which he
set out: thus their Tucesday will by him be ac-
counted Monday : "their Wednesday will be his
Tuesday, and so on. By referring again to the
diagram, the whole of this will be rendered per-
fectly intelligible.  Let A be the place from which
a person sets out to circumnavigate the Globe in
an easterly direction, or according to the order of
the figures on the horary circle, when he has got
15° to the cast of that place, it will be noon with
him one hour sooncr than with those who live at
A, for by revolving the Earth on its axis, it evi-
dently appears that the meridian at which he has

arrived es to the 12 marked noon in the horary
circle, ich is the same thing, comes under the

Sun onehour sooner than the meridian he has left;
when he arrives at the next meridian, he will have
his soon one hour sooner still, or two hours before
those who live at A; and by thus continuing to
gain an hour every 15° he advances eastwar(g, it
is obvious that when he arrives at the place A from
which-he set out, having passed over twenty-four
such spaces of 15° each, he will have gained wenty-
four, hours upon those who live at that place;
and,.consequently, though he will have his noon at
the same time with thcm,' he will have advanced a
8 day in his reckoning in the manner already

_



LECTURE VIII. 127

described. JNow let us suppose a persoi to set
out from the same place westward ; in this case it
is evident that for every 15° he travels he loses one
hour in coming to the meridian, or comes to the
meridian one hour later than he would have done
had he rcnained at A ; and, therefore, by travelling
through the whole of the 360°% into which the
equator is divided, he must evidenly lose twenty-
four hours, or one natural day, and wilt consequent]
at his return consider that day Monday, which
those who reside at A reckon Tuesday, that day
Tuesday which they call Wednesday, and so%n.
From what has now been said, it is manifest
that if tvo perscus start from the same place at
the samic time, but in contrary directions, the one
travelling eastward and the other westward, and
each goes completely round the terraqueous globe,
although they should both arrive again at the very
same hour at the place from which they set our,
having each completed his journey in the sume
time, yet they will disagree two whole days in
their reckoning; ify theiefgre, according to the
one of tuose travellers, their return be on & Mone
day, the other will assert it to be on a nesday,
while those who live at the place itscHll agree
with neither, bat if referred to to secttles the dis-
ute, will tell them that they have arrived on a
uesday. oo
Nor is it necessary, in order to produce the
gain or loss of a day, that the yoyage should be
made upon the equator, or even on any of the
parallels; it is sufficient for the purpose tifat the -
severabameridiaus be passed through eastward“or
westward. The time also taken up in the voyage
is equally unimportant; the gain or loss .ot":ﬁe
day being the same, whether it be performed in
twenty-four years, or in as many hours; to prove
G 4
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which, let us suppose a traveller to change his
meridian 15° every year, it is evident that if he
travel eastward he will gain, and if westward he
will lose, one hour that year, and consequently,
by continuing to travel in the same direction, and
at the same rate, he will take twenty-four years to
pass through the twenty-four spaces of' 15° each,
into which the equator and every parallel is divided,
and to arrive ‘again at the meridian from which he
sct out: yet in that time he has gained or lost no
more than twenty-four hours, or one natural day.
Now, let us suppose a person to travel castward
round the Earth, at the rate of 15 every hour,
and that he leaves any place, as A, at noon, or
twelve o’clock, on a Mondav. In one hour’s time,
he having got 15 east of the place A, aud the
place itselt having been carried 15 from the Sun,
by the Earth’s rotation on its axis, it is evident
that he will be 30° from the Sun; in another hour,
or when he has got 30" from the place A, he will
be 60° from the Sun, and -so on; getting every
hour 30° farther from the Sun, so that at the end
of six hours he will be 180° from the Sun, and
will conggguently have midnight when it is nul?'
six o'cl the evening at the place from which
he sct out; at the end of twelve hours he will have

t half way round the Earth, and the Earth
ﬁ:vihg'in the same time performed half a rotation
on its axis, the Sun will again be upon his meri-
dian, and he will, therefore, reckon it mid-day, or
noon, on Tuesday, when it is only midnight on
on theé Monday to those who live at A; during the
next twelve hours the same phenomena gill be
repented ; he will again experience the varieties of
day and night ; ard thnufh he will obviously arrive
again at A at twelve @'cléck on Tuesday, he will
consider it Wednesday, reckoning his time by the
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retumn of the Sun to his meridian. IFf, on the
other hand, we suppose him to travel with the
same velocity westward, as his motion will then
be in the same direction as the apparent motion of
the Sun, and at the same rate, he will obviously
have the Sun on his meridian during his whole
journey, and, consequently, experiencing no succes*
sion of day and night, nor even any change of
time as shown by the Sun, he must, on his return
to the place whence he sct out, have lost a day,
or be one day behind the inhabitants of that place
in his reckoning.

It is evident that could sach instances occdr as
those last mentioned, the cause of the loss or gain
of aday in going round the globe could not long
remain a secret; but as, in the course of long
voyages, this phenomenon takes place imper-
ceptibly, it for a long while remained a matter of
surprise to seamen and others in what manner it
was effected.

The change which takes place in the length of
the days and nights, and the regular succession of
the seasons to each other ¢hroughout the year,
would naturally lead to a more minute investigation
of the apparent motions of that lnmigery, upon
the position of which, with regard to*@tr Earth,
the varieties of the one, and the vicissitudes of the
other, so obviously depend; nor could this inves-
tigation be long continued, without leadifig®o a
discovery of the apparent annual motion of the
Sun through the heavens, m a gontrary direction
to his diurnal motion; and although, on account.
of the great splendour of the Sun’s rays, hi$ revo-
lutiongmmong the stars is not quite so easily de-
tected as that of the Moon, yet it may be
ascertained in the followjng manner: take notice,
at any season of the yeary of some bright star,

¢ 5 ’
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which sets about an hour after the Sun, and as
nearly as possible on the same point of the horizon;
each succeeding evening the distance between the
Sun and star will appear to diminish, and the
will be seen to appronch nearer and nearer to eac
other, till at length the star” will be lost in the
‘brilliancy of the solar rays. About a fortnight
after losing the star at night, it will be seen on
the other side of the Sun, rising before him in
the morning ;" the distance between the Sun and
star will daily increase about 1°, and in the same
month of the following year, they will come into
neafly the same situation with regard to one another
in which they were first observed.

If, instea! of confining our observations to one
particular star, we notice just after sunset two or
three stars nearly east of each other, we shall find
that these stars are successively lost in the rays of
the Sun; others will succeed to them, and, like
them, be regularly enveloped in his light and lost
to our view, till at length, by continuing our ob-
servations, we shall find that the Sun has made a
complete tour of the heavens. .

If, moreover, we carefully observe the points of
the horizon upon which the Sun rises and sets at
different times of the ycar, we shall find that they
are not always the same: thus, on the 21st of
March the Sun rises due east and sets due west;
froffl this time the points of rising and. setting
advance towards the north till about midsummer,
when they become stationary for a few days, after

. ‘which they begin to recede towards the south, and
‘about’the 21st of ,September they are again in
the same situation as they were about md‘

xch: from this time the Sun continues to rise

d: set more and more soutl:c;lly till midwinter,
when it again appears: to” rise set: for several
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days together upon the same points of the horizon ;
it then gradually rises and sets more northerly till
the 21st of March, when the Sun having returned
to the point from which it sct out, the same phe-
nemeéna again take place.

This change in the rising and setting points,
clearly demonstrates that the apparent annusb
motion of the Sun is not performed in the cqui-
noctial or the celestial equator, for in that case he
would always rise due east, and set Que west; but
that it describes a circle, one half of whigh is north
and the other south, of the equinoctial, and conse-
quently the Sun, during one half the ycar, has nerth,
and during the other, south declination. This may
be further proved, apd the Sun’s declination north
and south of the equinoctial ascertained, by ob-
serving his meridian altitude at any place: the
difference between this and the altitude of the

uinoctial at that place is the declination of the
Sun for the day on which the observation is made,
and is north or south as the Sun is nosth or south
of the equinoctial. The altitude of the equinoc.
tial, or its height above the horizon of any place,
is always known, being equal to the complement

_of the latitude of that place, or what the latitude
wants of 90°; and when the altitude of the Sun
is the same as that of the equinoctial it is evident
that he can have no declivation, being situated on

that % - @

Bf' this method, which is that Ly whbich the
Chaldean astronomers “first ascertained that the.
circle described by the Sun in his apparent annual
revolution round the Earth was inclinedsto the’
q;uir*ial, it will be found that the greatest te-
chnation ¢f the Sun, or its utmost limits yorth
and south of the equinoctial, is something less, than
28° 28'. . The obliquity*of ghe ecliptic is not per-

G 6
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manent, but is perpetually diminishing and ap-
proaching nearer to a parallelism with the equator,
at the rate of about half a second in a year.

Having thus ascertained that the Sun has an
:'[:pnrent annual motion from west to east found

e heavens, and having also determined the ex-
tent of this motion north and south of the equi-
noctial, it will be proper, in the next place, to
cpnsider by what means the apparent path of the
Sun through' the heavens may be most easily
traced : may be effected in the following
manner. : «— .

I+ has been already observed, that from the
meridian altitude of the Sun on any day (the alti-
tude of the equinoctial beings known) his declin-
atidn for that day may be found, the converse of
which is also true, viz. that from the declination of
the Sun his meridian altitude may be obtained ; for
if, when the declination is north, we add to it the
altitude of the equinoctial, the sum will be the
altitude sought; and if, when the declination is

south, we su%tract it from the altitude of the equi-
noctial, the remaindes is the Sun’s meridian alti-
tude. It is obvious that for places in south latitude
the operation must be reversed. These things being
premised, begin at any season to mark the stars
that culminate !, or come upon the meridian at
midnight; as the Sun will be upon the same
merician with these stars six months after ghe time
of the observation, take out from White’s"Ephe-
meris, or any convenient table for the pu
the declination of the Sun for that day, and b
the. method already described find the Sun’s meri-
dian altitude, which being set off amongfithese
%, the Sun’§7 place will be readily found; and

.

t From cu/men tise top or highest poist,
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by thus making similar observations throughout
the year, the path which the Sun describes by his
apparent annual motion through the heavens will
be easily traced out. This great circle is called
the Ecliptic, and is, in fact, the heliocentric circle
of the Earth, or the circle marked out among the
stars, by extending the plane which passes through
the orbit of our own Earth; for this apparent mo-
tion of the Sun from west to east grises (as will
be hereafter demonstrated in proving the truth of
the Copernican system) from the ann wotion of
the Earth round the Sun in the same diréetion, and
in the same plane. °

If, therefore, the Earth is in any point of its or-
bit the Sun will alwhys appear to be in the o
site point of the heavens; and as the Earth moves
towards the east, the Sun will appear to move in
the opposite direction, and, consequently, when the
Earth has completed one revolution in its orbit,
the Sun will appear to have completed one revolu-
tion in the ecliptic ; and since this circle is found to
beinclined to the equinoctial at an angle of 23° 28",
it is evident that the Earth’s equator is inclined
23° 28’ to its annuval orbit, or which is the same
thing, that the axis of the Earth is inclined 66° 82! to
the plane ofits orbit, or declined 23°28'from theper-
pendicular. The two opposite points in Which the
equinoctial cuts the ecliptic are called the Equinoxes,
%_he Sun, when in these points defcrlbing
by his’@tiurnal motion a circle coincident with the
terrestrial equator, makes the day equal to the night
in every part of the Earth. They are called the
Vernal * and Autumnal Equinoxes, to dendte the.
seasoffwof the year in which they take place.

1 From vernas belgnging to the‘spring.
. . ;- v
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Those parallels which the Sun describes when
at its greatest distance from the equinoctial, . e.
when he has 28° 28’ north, and 23° 28’ south de-
clination, are called the Tropics.! That tropic
which is north of the equinoctial is called the
Tropic of Cancer, because it is described by the
Sun when he enters the sign Cancer; and that
which is south of the equinoctial is called the
Tropic of Capyicorn, because the Sun describes this
parallel when he enters the sign Capricorn. When
the Sun i#n either of these points he does not
change ‘his declination for several days together,
hence these are called the Solsticial Points or Sol-
stices ?, that being denominated the Summer sol-
stice in which the Sun is situated on our longest
day, and that the Winter solstice which the Sun
occupies on the shortest day. It is evident that
the terms Spring, Autumn, Summer, and Winter,
applied to the equinoxes and solstices, together
with many other expressions made use of by astro-
nomers, relate to persons and places situated on
the north side of the equator: to account for
which, it is to be observed, that all the works we
bave upon this sgience were written by persons
inhabiting the northern parts of the Earth, who
very naturally made use of such terms as were

ted fo their own situation, and to the sitnation
of for whose use their works were principall
intended. A circle parallel to the eqmun‘!
28° 28’ distant from the north pole, is called the
Arctic? Circle, and a similar one at the same dis-

L
L]

NE N
“From rpexw to turn back. ;
¢ From solis stationes the stations of the.Sun, Mf?”l
tlmg::;, and stare to nu;‘d, | - R

# Krom apavos & the constellation so called being near
the north pole in tmvm. ) .
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tance from the south pole, the Antarctic' Cirtle;
a line or circle drawn through any place paral-
lel to the equator is called the Parallel’ of that
place.
The variation in the meridian altitude of the
Sun is attended with a corresponding change in
the length of the artificial day, or in the continu-
ance of the Sun above the horizon. On the 20th
of March he rises at six in the mogning, ascends
in an oblique direction to the wmeridian, and as
i;radually descends to the western vilfige of the
worizon, which he rcackes at six in the tvening,
after having continued for twelve hours to enliven
us with his presence. ‘The length of the day con-
tinues to increase with the increasing altitude of
the Sun till the 21st of June, when he remains
something more than 16 hours above our horizon
without setting. The altitude of the Sun havin,
now reached its maximum, the length of the day
begims to decrense, and about the 23d of Septem-
ber is exactly the same as it was on the 20th of
March. The days continue to diminish in lenéth,
with the decreasing altitudes of. the noonday Sun,
till the 21st of December, when his short continu-
ance above our horizon, which does not exceed
eight hours, and the obliquity of his rays, bring on
the dreariness of Winter. To undersfand this,
fet ABCD, fig. 13., be the Earth, in four differ-
ent parts of her orbit; 7 s its axis inclined"68° 32’
to the plane of its orbit, and keeping always paral-
lel to itself; # its north, and s its south pole. Let
® be the tropic of Cancer, v# the tropic of Capri-
corn, a the arctic circle, b the antarctic circle, gpd.
e the équator. When the Earth is in the position
A, which it has on the 21st of June, its morth
L

' From arrs opposit.e topand apxres a bear.
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pole 7 inclines towards the Sun S, by which inclin-
ation of the Earth’s axis the Sun, at this season of
the yeatr, is 23> 28' above the terrestrial equator ;
and as he enlightens only one hemisphere, or one
half of the Earth at a ime, the north pole n will
be illuminated, and this illumination will extend
23° 28! beyond the pole, to the wmost distant part
of the arctic circle.  While, therefore, the Earth
revolves upon its axis #s, that part of the Earth
included within the arctic circle will be enlightened
during the whole diurnal rotation of the Earth
and theiinhabitants will enjoy perpetual day.  For
the same reason that part of the Earth compre-
hended within the antarctic circle will be involved
in total darkness during the Earth's rotation.
Those regions of the Earth which lie between
the arctic circle and the equator will, during a part
of the Earth’s diurnal revolution, be carried into
the dark hemisphere, but as they will continue
during a longer period in the enlightened hiemi-
sphere, the day will be lenger than the night. At
the equator the day and night will be exactly of an
equal length; and between the equator and the
antarctic circle the night will be longer than the day.
When the Earth i§ at D, on the 21st of December,
the north pole declining from the Sun, the reverse
of all this takes place, the whole of the arctic circle
is involved in total darkness, while the antarctic
circle is entirely illuminated : those places which lie
between the arctic circle and the equator have the
night longer than the day, while those which lie
between the equator and the antarctic circle have
.the day longer than the night. On the equator
the days and nights are of an equal length all the

round. hen the Earth is g¢ B or D, its
axiscinclines neither to nor from the Sun, which,
being vertical to the eguator, makes equal day and
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night at all T]aces on the Earth’s surface. I shall
now proceed to exhibit these phenomena, together
with all the intermediate situations of the Earth in
its annual motion round the Sun, in a diagram, by
means of which, the whole theory of the seasons
will be casily understood.  Let S, diagram 3., re-,
present the Sun, and E the Earth, having its pole
p declined 23” 28' from the perpendicular, ¢ ¢ is
the equator, / & the tropic of Camcer, £ v3 the
tropic of Capricon, and 1. Londou, the parallel of
which is represented by the dotted circle passing
through the point L the silk string or thread re-
presents the terminator or boundary of light and
darkness, in all situgtions of the Earth during its
revolution round the Sun, while the index I points
to the Sun’s place in the ecliptic. Put the diagram
on the machine in the usual manner by slipping the
Sun over the central point, and screwing on the nut;
then having brought the Earth to the first point
of Libra, rectify it by bringing the pole into such a
position that the meridian of London may be paral-
lel to the dotted lines on the machine, and the pole
directed to the north or upper part of it. The
Earth 15 now in the position it has on the 20th of
March, at which time the tropic of Cancer, the pa-
rallel of London, and the artic circle, are a]] equally
cut by the boundary of light and darkness; and
hence the equality in regard to the length Jof, day
and night which at this time prevails in all parts of
the world except at the poles, it being the begin-
ning of day at the north pole, which is just coming
into light, and the end of day at the south pole,
which 1s just going into darkness. The Earth.ds-
in the beginni oFLibra, and the Sun, as is shown
by the index I, enters the sign Aries on this day,
which is the vernal equinbx, ¢he first day of spring,
and the commencement of the astronomical year.
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The Earth moving in the ecliptic, according to the
order of the signs, enters Scorpio on the 20th of
April, as shown by the index; and by carefully
preserving the parallelism of the Earth’s axis
(which may be regulated by means of the dotted
Jines before mentioned) it will be scen that the
north pole comes more into the light, the days
increasing as the nights decrease in length, in
the northern hiemisphere, as is shown by the ¢ilk
line which denotes the boundary of light and dark-
ness, aud which has now receded considerably from
the pole. The Sun on this day enters the sign
Taurus, which is the second of the spring signs. —
Continving the Earth’s motjpn in the ccliptic, it
will be found by the index to enter the sign Sagit-
tarius on the 21st of May ; the north pole is con-
siderably more advanced into the light; the days
have proportionably increased in length in thenorth-
ern regions ; and at London the day is at thigtime
almost twice as long as the night. The Sun as'scen
from the Earth passes on this day from Taurus to
Gemini, which is the lpstof the spring signs: — on
the 21st of June, being the first day of Summer and
the longest day in the northern hemisphere, the
Earth enters the sign Capricon: the north pole
now has. its greatest inclination to the Sun, the
light of which, as shown by the boundary #F light
and. derkness, extends to the utmost verge 6f the
arctic circle, the whole of which is included in the
enlightened hemisphere of the Earth, and enjoys at
this season constant day during the complete revo-
lution of the Earth on its axis. On the parallel of
* Eundon the day commences a quarter before four
in the morning, and terminates at g quarter past
eight in the evening, making this day of 16} hours’
duration to the inhakjtants of London, and to all
those who reside on the same parallel. The Sun
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also having now attained his greatest north declin-
ation enters the sign Cancer in the ecliptic, bein
vertical to the tropic of that name.— The Kart
pursuing its annual motion in its orbit enters Aqua-
rius on the 23d of July; and as its axis al-
ways continues parallel to itself, the boundary of.
light and darkness begins to approach nearer to
the pole, and the length of the day, which had ar-
rived at its maximum, begins gradually to decrease,
the Sun at this time entering Leo, which is the se-
cond of the summer signs, — The Earth by its pro-
gressive motion has now arrived at the sign Pisces,
which it cuters on the 23d of August, the Sun ap-
pearing at the same tjme to have made his transit
from Lco into Virgo, which is the Iast of the sum-
mersigns.—From Pisces, the Earth arrives at Aries,
which it enters on the 23d of September, at which
time the boundary of light and darkness again passes
throggh the pole: the parallels are again equally
divided by it, and the days and nights are once
more of an equal length on all parts of the Earth
except at the poles ; the north pole being about to
sink into nocturnal darkness, while the south pole
has the day just commencing. The Sun on this
day enters the sign Libra, which is the first of the
autumnal signs, and is again vertical to the terres-
trialﬂe’ator.—; On the 23d of October the Earth
again changes its sign, and quitting Aries,.enters
Taurus, the days visibly decreasing in length in the
northern hemisphere of the Earth ; while the Sun
appears to enter the second autumnal sign, or
Scorpio.—Having passed through Taurus, tbﬂnrth
enters the sign Gemini on the 22d of Novembewrs~
the boundary of light and darkness is now at a con-
siderable distance from the north pole, which,de-
clines from the Sun; the’payallels of latitude also
in the northern hemisphere extend but a little way
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into the enlightened part of that hemisphere, while
the decrease in the length of the days, and the ob-
lique direction in which the Sun’s rays descend
upon these regions of the Earth, infallibly point
out the near approach of Winter. The Sun as seen
.from the Earth on this day enters Sagittarius the
last of the autumnal signs. — On the 215t of Decem-
ber, which is the period of the Winter solstice,
the Earth emers the sign Cancer. At this time the
southern hemisphere enjovs all those advantages
with which the northern hemisphere was favoured
on the 21st of June, while the northern hemisphere
has to undergo, in its turn, the inconveniences of
short dull days and long and dreary nights, the
Sun being vertical to the tropie of Capricorn, which
sign he enters on this day.  This is the first of the
Winter signs. — From the sign Cancer, the Earth
passes to T.eo on the 20th of January, the days in-
creasing gradually in length in the northern ilcmi-
sphere, in the same manner as they decreased’dbout
the 22d of July. The Sun on this day passes
into Aquarius, which is the sccond of the Winter
signs,— The Farth enters Virgo about the 19th of
February, when the boundary of light and dark-
ness again approaches the pole, and the days conti-
nue to increase in length in the northern hemisphiere,
as the Earth by passing from Leo to Virgo cguses
an apparent transit of the Sun from Aquarfds to
Pisces, the last of the Winter signs.— After passing
through the sign Virgo, the ﬁ;rth again enters
Libra, causing an apparent motion of the Sun into
Ariess the severity of Winter once more yields to
~she genial influence of a vernal Sun, and the phe-
nomena we have been describing are again re-
peated in the same ordeg, T
It need scarcely be gemarked, that ip the preced-
ing illustration of the seasons the phenomena in

3



LECTURE tilI 143

the northern hemisphere have been principally
regarded. The hints which have been occasionally
dropped in the course of this explanation are suf-
ficient to show that in the southern hemisphere
the phenomena throughout are directly the re-
verse. :

The difference in the meridian altitude of the
Sun, and the length of time he continues above
the horizon, produce a peculiar tethperature by
which each particular season is distinguished. In
Winter very little warmth is derived from the Sun
on account of the oblique direction in which his
rays strike the earth, and his short continuance
above the horizon; ghe little heat which is thus
produced being entirely dissipated by the succeed-
ing long nights: whereas in Summer the Sun’s
rays falling almost perpendicularly, and the very
great proportion of the natural day, during whic
the Sun lingers above the horizon, generate a
degree of heat which his short absence can scarcely
diminish.

It may be very naturally gsked, why, if the in-
crease of heat in the Summer season be produced
in the manncr just described, we have not the hot-
test weather at the time of the Summer solstice,
when both the causes operating most forcibly, it
migg‘reasonably be expected that the greatest
effect’ should be produced? Yet experienee ®con-
vinces us this is not the case, and that the heat is
generally the greatest about the latter end of July
and the beginning of August, when the Sun is re-
moved from the tropic a whole sign. In answer to
this it is to be observed, that this excess of heat s
an effect produced by the long>tontinued actiqn of
the solar rays, by which; heat being imparted
by day, even for some titnegbefore the Sun enters
the tropic, than is lost during the night, there must

ok
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be an accumulation or increase of heat, which will
continue to receive further augmentation, not only
till the Sun has entered, but even for some time
after he has left the tropic.  When, however, the
continuance of the Sun above the horizon, or the
length of the day has so far decreased, that more
heat is lost during the night than what is commu-
nicated by day, the Earth gradually cools. It is
evident, theréfore, that the greatest heat of sum-
mer must necessarily take place considerably after
the Sun has left the solstice,  In like manner the
rigour of winter is usually found to be most pre-
dominant about the end of January and the begin-
ning of February, the czmsiﬁ' which will be easily
understood from the foregoif® remarks.

I shall conclude this lecture by briefly observing,
that besides the division of the signs into Spring,
Summer, Autumn, and Winter, they are also
divided into northern and southern; the former
consisting of all those which are north of the equi-
noctial, and the latter, of those which are south of
it: they are likewise distinguished by the terms
ascemlfng and descending; the ascending signs
commencing with Capricornus, and ending with
Gemini ; and the descending signs beginning with
Cancer, and ending with Sagittarius.

&
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LECTURE IX.

THE PHENOMENA OF THE SUN AS SEEN FROM THE.
EARTH CONTINUED. — OF THE INEQUALITY OF
THE SUNIS APPARENT ANNUAL MOTION, AND THE
CHANGE IN HIS APPARENT DIAMETER. — THE
MOTION OF A PLANET IN AN ELLIPTIC ORBIT
EXPLAINED.

I~ pursuing onr investigations relative to the phe-
nomena Jkhibited by*c Sun to a spectator placed
on the surfacg of our own Earth, and in accounting
for thuse phenomena, the apparent diurnal and
annual motions of that luminary have been fully
described, the succession of day and night ex-
plained, and the regular returns of the seasons
completely illustrated ; the day also of his entrance
into each of the signs of the fixed zodiac of Hi
parchus have been particulgrly pointed out. fl'.l
contemplating these phenomega, no notice has
hitherto been taken of any inequalities in fhe annual
motion of the Sun, nor of any vitiation in the
apparent magnitude of that luminarg. if, how-
evergawe carefully note the time at which the Sun
is in¥fe equinoxes, we shall find that he is about
eight days longer on the north side of .the equator
than on the south of it, or that the: days of the
equinoxes divide the year into two unequal parts ;
in other words, that tﬂe Sun appears to take®about
eight da{s more to move fro e vernal to tu€

autumnal equinox than-he doe -pass from .the,
autumnal to the vernal. = the signs of ,the
zodiac consist each of 3 e number of signs

passed throu l(lhlﬂ){ the Sun in both cases is alike,
this observetf ifference would naturally lead us to
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conclude that the Sun’s apparent motion is not
uable, but that he must move faster at one time

of the year than at another. This conclusion is con-
firmed by observation; and it is found that his motion
i most rapid about midwinter, and slowest about
" midsumimer; the velocity of his*motion gradually
decreaging from the beginning of Jamuary to the
beginning of July, and as fradunlly increasing from
the beginning of Jyly to the end of December. 1f
by means of & micrometer we measure the diameter
of the Sun at differcnt times’ of the year, it ‘will be
found that an exact coincidence at,all times exists
between his apparent diameter andi ocity of
his motion : wgen the veMkity of ithe Sun is a
maximum, his apparent diamcter i$¥a maximum
also; as his velocity deoreases, so does his diameter

- likewise : when his velocity js a minimun, so is also
his apparent diameter; and as his velocity increases,
his apparefit diameter iucreases at the same time.
To prote.thisydet the apparent diameter of the Sun
on the first day of e;;erizr n;ontl; throughout ml:y
ear be com with his hourly motion in the
chipﬁc d?:?s';dmi days. If the experiment be
made disring the ensuipg year, 1826, the result
will be as follows: on the 1st of January the Sun’s
apparerft diameter will be 32 minutes, 856 séoends,
and his apparent motion in the ecliptic at thg rate
of ‘2 minutes, 829 seconds of a degree per hour ;
on the 1st of, February his apparent diameter will
be 32 minutes, 306 seconds, and his hourly motion
2 minutes, 32:2 seconds; on the 1st of ,March the
<Sun’s apparent_ diameter will be 382 minutes,
19'2 seconds, and s, o,ur}y motion 2 minutes,
. 80% seconds; of - of April the apparent
of th ill be 82 minutes, 2'6

‘seconds, and his houfly motion 2 minutes, 27'8 se-
conds; on the 1st oly May his apparent diame-
ter will be 31 minutes, 46°8 seconds, and his
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hourly motion, 2 minutes, 254 seconds; on the Ist
of June, his apparent diameter will be 31 minutes,
352 seconds, and his hourly motion, 2 minutes,
23+6 seconds; and on the 1st of July, the Sun’s
apparent diameter will be 831 minutes, 81 seconds ;
and his hourlysmotion, 2 minutes, 23 seconds.
It is obvioug, therefore, that during the foregoing
months, the apparent diameter of the Sun, and
the velocity of his apparent hourly Smotion, have
both gradually decreased; from this time they will
be fonnd to increase- through the six following
months; thus, on_ the 1st of August, the Sun’s
apparent jfimeter will be 31 minutes, 35 scconds,
and his "hourly motign, 2 minutes, 236 seconds ;
on the Ist ﬁ)' September, his apparent diameter
will be 31 minutes, 46'4 geconds, and his hourly
motion, 2 minutes, 253 seconds; on the Ist of
October, his apparent diameter will be 32 minutes,
2 seconds, and his hourly motion, 2 minutgs, 27-7
seconds; on the 1st of November, his apparent
diameter will be 32 minutes,..18'8 seconds, and
his hourly motion, 2 minutesy"80;3 seconds; on
the 1st of December, the Sunﬁaappﬁu‘m- diameter
will be 32 minutes, 31 secon s,-.e_nd his howly
motion 2 minutes, 32-2° seconds; the apparent
diamgeter of the Sun and the velocity with which
he appears to move eastward: in the ggliptic will
contifive to increase till the 1st of January Yol-
lowing, when, being once more the greatest pos-
sible, they agnin begin to decrease. .

Now, the apgle subtended by any body being
always inversely proportional to the distante of,
-the body from the obsgrvédr, thesé varieties in the
apparent diameter of the evidently arise frem
a constant variation in igance beiween the
Sun and Earth, and show*th#t the Earth is nearer
to the Sun at one time of the year than at another _

- H k4




146 LECTURES ON ASTRONOMY.

and since it has already been declared, and will
hereafter be proved, that the apparent annual mo-
tion of the Sun is caused by the revolution of the
Earth in its orbit, these changes in his apparent
magnitude, which are regularly repeated every
year, prove that the Earth revolves in an elliptical
orbit round the Sun, placed in one of its foci.

The #liptical form of its orbit, and the inequality
of its motion; are not phenomena peculiar to our
Earth only, but common to all the planets of the
system, whether primary or secondary, and in
perfogming their several revolutions round their
respective centres, they all observe ope general
law ; namely, that a line draym from the planet to
4he centre round which it revolfes, #asses over
equal areas upon the plane of its orbit in equal
times, and this line is ealled the radius vector.

In order to render this important subject per-
fectly understood, I shall proceed to illustrate it
by diagram 4 : in which let S represent the Sun,
and E the Earth revolving in an e]l:j:tic orbit ;
the line 7 v (suppeigd, to be continued through the
groove ), whic;\ ts the centres of the Sun and
Earth, is cplled the radius vector; this line shows
the distance bfween the two hodigs, and gradually
increases and decreases in lefigth according to the
situation ggzh,e Earth in'its motion round tie Sun.
Thé elliptical groove ABCDEFGHIKLM
N OP Q, is the orbit in which the Earth revolves,
the plane of which is divided into mixed triangles
of equal superficial contents, by the lines drawn

_from the centre of the Sun, or rather from the
Tocus in which he is placéd, to the points:A B C D,
&c. of the orbit; these: lines. may also be called
radii vectores, nndgﬁ%ﬂlﬁ'}' coincide with the
moveable radius vectér when the Earth arrives at
the points A, B, C, D, &c. of its orbit.
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In placing this diagram on the machine, it is to
be observed, that after fixing it in the usual man-
ner on the central point, that point must be .
made to pass through the groove .r, the Sun S
is then to be slipped on, and the nut screwed down,
the line of the apsides upon the diagram, being
made to coincide with the line of the same name
on the machine.

Now, it has been already observed, that the mo-
tion of a planet revolving in an elliptic orbit is
such, that the radius vector passes over cqual areas
inc equal tithes, for which reason the elliptical figure
in the diagram, which represents the plane of the
Earth’s orbjg, is"divided into a series of mixed tri-
angles, the’ 'of which are equal to each other.
The sides of each of these triangles consist of. two
straight lines, and an arc of the ellipse, and it is ob-
vious that, in order to make the areas equal, the
-horter the straight lines of any triangle are, the
longer must be the arc, and vice versi. Now ihe
-traight lines, or radii vectores must be shorger the
nearer to the perihelion, and langer the nearer to the
aphelion, and consequently the arcs described by
the Earth in its orbit, in a given time, are louger the
nearer the Earth is tuits perihelion, and shorter the
nearcr it is to, its fgfhelion; but as to defcribe a~
longer arc in thé same timé as a shorter.one, must
evi&ently require a greater velocity in the nfofing
body, it will be séen, by making the Earth to pass
throufh the spaces A B, B C,CD, &c.inequal times
completely through its orbit, that while the Earth
is going from A or the aphelion to I or’the *peri- .
helion, it motion is comstantly acceleratedy.and in
going through the other half of its orbit, or fram
the perihelion to the ‘aplelionuit is as reguldrly
l‘eﬂ‘l.'l‘ded. . '

¥

H 2
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While the Earth is made to revolve in its orbit
in the manner here described, the index points out
_the apparent motion of the Sun in the ecliptic,
which has already been shewn to result from the
Eartl’s motion round that luminary. By neticing,
thercfore, the spaces passed over {)y the index, it
will be found, that were the Earth’s orbit as ellip-
tical as the figure by which it is here represented,
the Sun woull appear to pass through no less than
onc whole sign, and 15° of another, in one part of
its revolution, in the same space of time in which
it would, at another part of its revolution, descrilje
an gre of only about 10° of the ecliptic: or, whi&
is"the same thing, that the velocity of the Earth’s
snotion while describing the ares zl Ip 1K, of it
arbit, would be about four and a half times as great
as it would be while describing the ares Q A, A B.
The ellipse here described is, however, far more
eccentric than the orbit of the Earth, or of any
other primary planet, all of whose orbits are so
nearly,circular, that it would be impossible in a
figure of this magnitwle, ift drawn in trae propor-
tion to the orbit of either of them, to make any
sensible difference between the arcs of the triangles
into which it is requisite to divide the figure in
wrder to-give the required illustration.
The orbit of the Earth being so nearly circular,
the Gifi‘rence of heat derived from the Sun when
.the Earth is at its greatest and Teast distance from
im will be very trifling: and as the Earth hap-
pens to be in its perihelion in-the beginning of
.January, and in its aphelion in the beginning of
J'uly, the only effect we find to result from our
proximity to the Sun in winteg, Mnd our iucreased
distance from him ip sum a trifling diminu-
tion of the extreme ﬁ(fgitﬁ: of-the former season,
and the intense heat of tie latter ; both which
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have already been shown to arise from the dif-
ference in the meridian altitudes_of the Sun,
(whereby his rz(llys fall upon the, Earth with a
greater or less degree of obliquity]) ahd the time.
of his continuance above the hdrizon. :

For the discovery of the clliptical form of the
planetary orbits, and the law according to which
the revolutions of the several planets in their re-
spective orbits are performed, we age indebted to
the singular sagacity, and indefatigable industry of
Kepler, who likewise ascertained another import-
ant fact relative to these bodies; for, having ob-
served that the periodic times of the ;&ets
<increascd with their mean distances from the*™n,
he was led.4o suppose that some analogy ought to
exist between them; and he at length succeeded il
discoverinﬁ that the squares of the périodic times
were as the cubes of their transverse axis, or as
the cubes of their mean distances from the Sun;
for, by the nature of an ellipse, the mean distance
of a planet revolving in an elliptic orbit is equal to
one-half of the transverse axis of the orBtt, and
since the halves, are as thtir wholes, the ratio is
the same with regard-to both. This discovery,
which was the result of 17 years laborious inves-
tigation, was made on the 15th of May, 1618.

These important facts, usually “denominated
Kepler’s Laws, may be considered the foundation
of g‘hysical Astronomy, and were chiefly deduced
by him from the numnerous observations of the,
celebrated Danish astronomer Tycho Brali¥:
These laws not only apply to the orbits,of the
planets gnd satellites, but to those of all the comets:
which have been accurately observed. They are
usually expressed as follows: *

1. All the planets revolvground the Sup in‘such
a manner, that the radius vector, or line drawn

. HS
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L]
from the Sun to the planet, describes equal areas iu
equal times.

2. Each planet describes an ellipse, having the
the Sun in one of the foci.

3. The squares of the periodic times of the
planets have the same proportion to one another as
the cubes of their mean distances from the Sun.

These laws of the planetary motions, discovered
by Kepler, were afterwards fully demonstrated and
explained by Sir Isaac Newton upon the principles
of Universal Gravitation, and the uniform projectile
motion of bodies in straight lines. .

Although it is by no means my intention to fol~
low that sublime genius through all his geometrick
demonstrations otb the accordance of thege laws with
the phenomena to which they refer, yet I shall
nevertheless endeavour to give a plain and familiar
explanation of the manner in which & planet circu-
lates round the Sun, continually approaching towards
him during one part of its revolution, and receding
from him at another, without ever actually falling
to thatduminary, or departing so far from him asto
get beyond the sphere -of his influence.

It has been observed, in a former lecture, as an
established law of nature, that all motion is of
itself rectilinear, and that a body once put in
motion would for ever continue to move forward
in the same right line, unless it were acted upon by
some other force in a different direction, or if it
were at rest, it would for ever so continue, unless
some active cause produced a ¢

Suppose a body at A, fig. 14., struck in the direc-
tign A'B, with such a force as would cause it to
describe the line A B in a given particle of time, at
A let it also receive an impulse in' the direction
A C; which would cayse it in the same time to
describe ‘the line AC = A'B." The body being
acted upon at the sa instant by two forces in
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different directions will, by the combination of these
forces, take an intermediate course, and describe the
diagonal A D, and the two forces being equal, the
point D, at which the body will have arrived at thg
expiration of the particle of time, will be exactly as
far from the places B and C, to which the acting
forces respectively tended to carry it, as the point
A, where the body was at the time of receiving these
impulses. But if; as in fig. 15., thg impulses A B
and A C be unequal, then the boﬁy in the same
particle of time will describe the line A D, and
when at D, will be at the same distance from the
‘more remote place of tendency B as it was from

“the nearer C; and at the same distance from the
nearver place of tehdency C, as it was from the
more distant one B, at the time of its setting out
from A. If the force A C, instead of acting by a
single impulse, had becn a constantly accelerating
force, the line A D would have been a curve of
greater or less curvature, according to the nature
of the accelerating force.

Now;, the universal power of gravity or attraction,
is a constantly accclerating® force, the law of which
has been already explained ; if, therefore, a body
gravitating towards a centre, receive a projectile
force in a direction not passing through that cen-
tre, it will, by its compound motion, describe a curve
in every point of which it will have a tendency to
fly off frogg’the axis of its motion in a tangent to the
peri W the curve; and is only prevented from
so doing by the deflecting force. The force by

which the body endeavours to fly off in a right line,
is called the centrifugal force, and that by which-it
is impelled towards the centre is called the centri-
petal ! force. - These two forces, by the joint dction
. " °
-t From ‘Zenlrum: a centre, and pelo, I seek.
H 4
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of which the planets are retained in their orbits, are
called the central forces. I shall now proceed ‘to
explain in ‘what- manner these central forces affect
the motion of a planet in an elliptic orbit.

Let S, fig. 16., be the Sun, and P the place of a
planet moving under the impulse of a projectile
force, by whic?l it describes the line P A in a given
particle of time; in the second particle of time, it
nothing opposed its progress, it would describe the
line A'b, but at A let the centripetal force act
upon it by a single impulse, sufficient to carry it
from A to a in the time that the planet would have
deseribed the line A b; complete the parallelogram,
« A b B, at the end of the second particle of time
the planet will arrive at B, having described the
diagonal A B, by the joint cffect of these two
forces. Now, because A b = P A, thetriangle PS A
= the triangle A 8. But, because b B is parallel to
AaS, the triangle A SB is equal to the triangle
A Sb, as standing upon the same base A S'.
‘Therefore the triangle A S B will be equal to the
triangle ASP. Ifat B the planet receive a new
impulse, in the direction* B S, a new change of di-
rection B C will be effected, and, thus, by a succes-
sion of new impulses, exerted at equal mtervals of
time, and all directed towards the same centre, a
polygon wiil be produced round S, and the tri-
angles formed by lines drawn to S from the several
points ‘at’ which the new impulses are exerted, may
be easily proved in the manner shown above to be
equal to one another. Hence it follows, that a
force directed towards S, together with the projec-
tile force first given to the planet, causes it to de-
scribe about S, equal areas in equal times. Now,
if we suppose the intervals of time apwhich these

i Eucl. ib. 1. pro"bf'u.-- .

*
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impulses act to be infinitely diminished, the triangles
will become infinitely diminished likewige, and the
sides of the polygon being thereby infinitely in-
creased in number will ultimately generate a curve:

The species of curve thus produced must be
determined by circumstances. I shall, therefore,
proceed to consider those circumstances under
which the projectile and centripetal forces are com-
pounded together in the motions af the primary
planets round the Sun; to understand which it
must be observed : first, that if the projectile force
of g planet be duly adjusted to the centripetal, that
is, if these two forces be so adjusted, that neither
can overcome the other, and if, at the beginning of
the revolution of the planets, these forces act at
right angles to each other, the planet will be carried
round in a circle, in which (meeting with no resist-
ance) it will for ever continue to revolve.

Secondly, if the direction of the projectile force
be at right angles to the line of direction of the
centripetal force, yet, if these forces be not duly
adjusted to cach other, the planet will not deseribe
a circle but an ellipse ; and®according as the centri-
petal force is too strong for the projectile, or the
projectile too powerful for the centripetal, at the
time of the planet’s motion commenciyg, so will
the point from which the planet sets out become
the aphelion or the perihelion point of its orbit.

Thirdly, if the projectile and centripetal forces
be duly adjusted to each other in the manner above
mentioned, yet if the two forces thus adjusted act
at oblique angles to each other, that is, if the line
of the projectile force make an oblique angle wiih
the line of direction of the centripetal, the planet
will revolvé in‘an ellipse, having the Sun in ghe of
the foci.  *

H S
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- To exemplify the foregoing observations, let us
suppose Ay fig. 17, to be the place of a planct at
the commeficement of its revolution round the Sun,
situated at 8. If the projectile force acting in the
direction of the line A a b¢ be so adjusted to the
force of gravity, or the centripetal force acting in
the direction A S, that the former of these forces
alone would carry the planet from A to ¢, in the
same time that the latter would carry it from A toe,
the planet, by the combined action of these two
forces, will describe the are A « in the same time
that the projectile force singly would have carried
it from A to ¢, or the gravitating power alone would
have caused it to descend from A to ¢; and its
distance from the Sun, when itarrives at d, being
the same as it was at A, the curve described by the
planet in its revolution round that luminary will
be a circle.

In order that a planet may revolve round the
&Sun in a circle, its projectile velocity must be ex-
actly such as it would have acguired by gravity
alone in falling through half the radius of the
circle. '

But if, while the projectile force alone would
carry the planet from A to a, the Sun’s attraction,
or the centripetal force, would carry it from A to g,
the centripetal force in this case being too great for
the projectile, would cause the planet to describe
the atc’A B, and the distance B S from the Sun
being less than the distance A S, this arc will be
the portion of an ellipse. While the planet is
going through the arc A B, the gravitating power

which always increases as the square of the distance
diminishes) becomes stronger, and as it acts in
some degree in conjunction with the projectile force,
the velocity of the plgnet's motion -will be con-
stantly accelerated, so that when the planet arrives
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at M, its mean distance from the Sun, it will have
acquired a degree of velocity which would be ex-
actly sufficient to produce a circular Tiotion about
S, if its direction were perpendicular to the radius
vector, but the line of projection M m being oblique
to the radius vector M 8, the planet is brought still
nearer to S. A great portion of the centripetal
force being still employed in accelerating the motion
as seon as the planet passes M its velocity becomes
greater than would produce a Circular motion
about 8. The angle, however, formed by the radius
vector and tangent, now increases, whereby this
effect of the centripetal force in accelerating the
motion of the planet, diminishes, and the path be-
comes more incurvited.  The velocity of the planet
is, notwithstanding, still accelerated, the radins
vector passing over equal areas in equal times, and
this acceleration continues till the planet reaches
its perihelion P, when the angle made by the radius
vecior and tangent becomes a right angle. At P
the planet has gained so much ceutrifugal force, or
tendency to fly off] in the tangent P p, as overcomes
the centripetal force; the path of the planet, there-
fore, leaving P, falls entirely without the circle
whose radius is P 8, and consequently the planet
is receding from the Sun. There being now a
portion of thecentripetal force employed in retard-
ing the motion of the planet, it ascends in the curve
V G M, itsvelocity gradually decreastn®, and
the angle made by the radius vector and tangent
increasing, till"the planet arrives at M, where it
has the same velocity that it had at M’; the angle
S M’m’ being now as much greater thah a right
angle as it was less at M. The centripetal force
still continuing to act against the projectile motion
of the planet, its velecity in consequence fhereof
decrenses, till it again arffles at the point A from
a6
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.
which it set out. The angle formed by the radius
vector and tgngent decreases from M’ to A, where
it again becomes a right angle. At A the projec-
tile force being as much diminished from its mean
state at M or M’ as it was increased at P, the Sun’s
attraction again becomes more than sufficient to
keep the planet from going off at A, and the
revolution is repeated in the mammer already de-
scribed. .

From the explanation which has now been given
of the motion of a planet in an elliptic orbit, it i~
obvious, that in a non-resisting medium a body
may revolve in an ellipse of any degree of eccen-
tricity, and that the less the projectile force im-
pressed upon the body in the® higher part of its
orbit, the more elliptical will be the path in which
it revolves.
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LECTURE X.

THE PHENOMENA OF THE SUN, AS SEEN FROM THE
EARTH, CONCLUDED. — OF SOLAR AND SIDEREAL
TIME. — OF THE EQUATION OF® TIME.-— THE
GENERAL PRINCIPLES OF DIALLING.

It has already been shown, that by the annual mo-
tion of the Earth about the Sun, and the declin-
ation of its axis from a perpendicular to the plane
of its orbit, all the varieties of the seasons are pro-
duced, and by the revolution of the Earth about
its axis, the vicissitudes of day and night are
cffected.

Now, the distance of the fixed stars is so im-
mensely great, that in comparison of it, the orbit
in which the Earth revolves round the Sun sinks
into a mere physical pomt, in consequence of
which, and the uniformity of the Earth’s motion
on its axis, any given meridian revolves from any
fixed star to the same star again in the exact time
that the Earth completes a rotation on its axis,
and this would likewise be the case with regard to
the Sun, provided that the Earth had only a’ diur-
nal without an annual motion. But as the Earth
while turning once round its axis advances almost
a degree eastward in its orbit, if the Sun be on the
meridian of any place on a certain day, the Earth
must perform something more than a complete
rotation, in order to Bring the same meridian under
the Sun on the day followigg. The time occiipied
by the Sun in performing his apparent diurnal
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revolution in the heavens, or that in which, by the
Earth’s motion on its axis, any meridian is carried
round from the Sun to the Sun aguin is 24 hours,
and is called a solar day. The time which olapses
between two successive transits of any star over
the meridian is called a sidercal day, and is 23
hours, 56 minutes, 3+ seconds in length, being
the true period of the Earth’s rotation about its
axis. The difference, therefore, between a solar
and sidereal day is 3 minutes, 566 seconds. Hence
there are 866 sidereal days in a year, that is, in
365 solar days the Earth performs 366 revolutions
about its axis.

To illustrate the foregeing observations, let « 4
cdefghiklmnopqrs?rwayz, diagram
5, No. 1., be the orbit in which the Earth revolves
round the Sun cvery year, in the order of the let-
ters, and A any ﬁ?cd star at such an immense
distance, that tf:c diameter of the Earth'’s orbit
bears no sensible proportion to that distance ; also,
let S, No. 2. of the same diagram, be the Sun, and E
the Earth, round which is the horary circle 12 8, &e.
Having put the parts 1 and 2 of this diagram on the
machine, in the usual manner, No. 1 first, and No. 2
upon it, bring the Earth to « and turn it, so that
the index attached to the meridian X I may point to
12 at nooh, or to that 12 which is nearest the Sun.
When the Earth is in this situation, the Sun 8§ and
the star @ are evidently both on the meridian of
the place I at the same time. If the Earth re-
mained always stationary at a, it isdbvious. that,
by its rotation on its axis, the point I would always
come round to the Sun and star amthg samb time,
but, by reason of the interpgsidd%n of iie Sy, the
star would for ever remain invisible. This, hew-
ever, not being the when’ the Earth, in per-
forming jts anhual revolution roufid the Sun, has
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advanced, suppose through one twenty-fourth part
of its orbit, from @ to b, its rotation upon its axis
will bring the point I one twenty-fourth part of a
natural day, or one hour sooner to the star than
to the Sun, for the whole diameter of the Earth’s
orbit being but a point compared with the distance
A S, the star A will always come to the meridian
of the place T when E Iis parallel to A S a, and
therefore the star A which came te the meridian
with the Sun at noon, when the Earth was at @,
will, now it has arrived at b, come to the meridian
one hour sooner, or at eleven o’clock in the fore-
noon, as is shownby the index upon the horary circle.
When the LEarth cgmes to ¢, the meridian EI will
be parallel to A 8 4 two hours sooner, and conse-
quently the place I will have the star on its meri-
dian at ten o’clock in the forenoon, as shown by
the index, or two hours befores it comes round to
the Sun. When the Earth arrives at the point d,
the meridian E I will be parallel to A Sa at nine
inghe morning, as shown by the index, the point
I will therefore have the star on its meridian three
hours before the Sun will’arrive at the same me-
ridian. 'When the Barth comes to (, the star
will be on the meridian E I at eight in the
morningy-or fous hours before noon; when at f,
five hours~before noon; at g the star A comes to
the meridian E I at six o’clock in the mosning,
at which time, as shown by the index, the meridian
E I is parallel to A S, and the Earth will have
one quarter of a solar revolution, or six hours more
to revolve before it is mid-day by the Suneto the
place I~ Wh@the Earth comes to %, the star is
on the meridian_at fige in the morning, or sgven
hours before noon, When the Ea.rtﬁ at & the
star transits thewmeridian at foar ig the morning ;
when at %, at three in the mokning ; at J at two in
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the morning ; at m, at one; and at n, the Earth
having gone half round its orbit, the Sun and star
with to the Earth will be in exactly oppo-
Site points of the heavens, and the star will come
upon the meridian of the place I at midnight, or
twelve hours before the Sun; and thus, by bring-
ing the Earth successively to the situations o p ¢
st vwxy = back to the point 4, at which its an-
nual revolution commenced, and noticing the hours
pointed out by the index on the horary circle, it
will be found, that for every one of these divisions
passed ovér by the Earth in its revolution round
the Sun, the star has gained one hour upon the
Sun, 36 that when the Earth grrives at a, the Sun
and #Ar will agnin come upon the meridian toge-
ther, but the rotations made by the Earth on its
axis during the time of its performing a conmplete
revolution in its orbit, will be onec more in number
than the noons experienced by the inhabitants at
I, or the number $f times they have had the Sun
on their meridian, for a rotation of the EKartheis
completed when E I or any particular meridian
comes to be parallel to the situation it had at the
time that rotation commendbd. Now it is plain,
that by reason of the Earth’s motion in its ‘orlit,
it never brings the same meridimirround #from the
Sun to the Sun again by turning once*round its
axis, «fer the Earth obviously requires as much
more in proportior, of another rotation on its axis,
to complete a natural day, as it hag advanced in
its orbit during that time, namely,.about one
365th spart at a mean rate, and_gonsequently in
865 days the Earfh must perforfit 366 rotations,
and , since each rotation c%sl si

there m 366 siderea] days itla year3 or, to
in m%o ; manner’Jince a rotation
of any planet about ifs axis is the length of a side<
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real day to that planet, the number of sidereal
days mﬁ always exceed the number of solar days
by one, let that number be what it may, one
rotation being always lost in the course of an an- .
nual revolution by the planet’s going round the
Sun.

The Earth’s motion about its axis bejng
fectly equable and uniform in every part o ts
annual revolution, the sidereal days gre always of
the same length, but the solar or natural days
vary very considerably at different times of the
vear. This varintion is owing to_twe "distinct
causes: viz. the inclination of the Earth’s axis to
its orbit, and the inequality of its motion, und
the Sui. From these two causes, therefore}
that the time shown by a well-regulated clock and
a true Sun-dial is scarcely ever the same. The
difference between them is called the equation of
time, or the equation of natural days.

If the ecliptic, or the circle i which the Sun
uppears to move round the Earth, were coincident
wuh the celestial equator, that is, if the Earth’s
am werc,perpendlculm to the plane of its orbit,

portions both off the equinoctial und the

ic would pass over the meridian in equal
umes b on account of the ecliptic being inclined
to the jctial, unequal portions of the former
pass over the meridian in equal times, the differgnce
being always proportional to the obliquity, and as
the obliquity issmuch greater in some parts of the
ecliptic than il others, these differences will be
unequal among themselves.

In explalm.ng part of the &quation of time,
there is, pe nagbetter met od than that
usually adop! f supposi mpve

round the heav e réal Bun d
portions of the esl ptic, and dficti tltg:s one equal
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portions of the equinoctial in equal times, and
imagining these Suns both to set out at the same
time from the same point; namely, the beginning
of Aries, where the real Sun is on the 21st of
March. Now, the plane of the equinoctial being
perpendicular to the axis of rotation of the sphere,
the equatorial Sun would always return to the
meridian in 24 hours time, as shoan by a well-
regulated clock, but the real Sun would returg to
the meridian sometimes sooner and sometimes later
than the fictitious or equatorial Sun, and thesé two
Suns would arrive- at the meridian precisely to-
gther only four times during the, whole period of
eir annual revolution. While the two Suns are
deseribing the first quarter of their circuit round
the heavens, viz. from Aries to Cancer, the equi-
noctial Sun will precede the Sun in the ecliptic,
and as the apparent diurnal motion of the celestial
sphere is in a contrary direction to that of the
Sun’s apparent "annual motion, the Sun in the
ecliptic will, by the diurnal motion above men-
tioned, come sooner to the meridian than the Sun
in the equinoctial, and consequently the Sun-dial
will be faster than the clock. At the beginning of
Cancer, or on the 21st of June, both Suns "will
come to the meridian at the same instank, and the
dial and clock will exactly coincide; but in their
rogress through the second quadrant, or.jin goi::ﬁ
g'om Cancer to Libra, the Sun it the ecliptic wi
get before the equinoctial Sun, and will therefore
come later to the meridian, and consequently the
clock, will be fz than the Sun.dial; at the be-
ginning of Libfffhowever, both #ups again come
to the meridian at the .time, and therefore the
dia] and #lock again coincﬁe: this takes+place on
the 23d of Septemben  As the@wo Suns advance
through the third quadrant from Libra to the
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beginning of Capricornus, or from the 25d of Sep-
tember to the 21st of December, the Sun in the
equinoctial again takes the lead, and the dial will
be faster than the clock. While the two Suns are
describing the last quarter, or moving from Capri-
cornus to Aries, the Sun in the equinoctial falls
behind the real Sun, or the Sun in the ecliptic,
and consequently the dial will be slower than the
clock ; on the 21st of March, the two Suns once
mdre come to the meridian together, and the dial
and clock again coincide.

The foregoing explanation of that part of the
equation of time which results from the obliquity
of the ecliptic, may be very familiarly and beauti-
fully illustrated, by placing patches at every tenth
or fifteenth degree of the equator and eéliptic of a
comnmon terrestrial globe, beginning both from the
first point of Aries. 'Then, by revolving the
globe on its axis, all the patches from Aries to
Cancer on the ecliptic will arrive at the meridian
before those on the equator, showing that the Sun
during that time is before the clock ; when Cancer
comes to the meridian, the*patches on the ecliptic
and equator arrive at the meridian together, the
suri-dial angd clock, therefore, on that day coincide.
Irom Cancer to Libra the patches on the equator
arrive at the meridian before the correponding
ones on, the ecliptic, from which it is evident, that
during the time of the Sun’s describing this pottion
of his apparétt annual revolution, the cro-;:k is
before the Sun, i that the Sun during that inter-
val does not come upon our meridian till after the
time .of noon, aséshown by a we ulated ‘clock.
By the intersection o& e ecliptic and equator,
which takes plate at tB€ beginning of ISbra, «the
Sun and clotk are again® foynd to coincide when
that point comes to the meridian. ~ From the be-
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%inning of Libra to the beginning of Capricornus,
the patches on the ecliptic come to the meridian
before those on the equator, and consequently the
Sun is before thg clock. At the beginning of Ca-
pricornus they again coincide, andeg'om the begin-
ning of Capricornus to the beginning of Aries,
where the revolution commenced, the clock is
again before the Sun, as is shown by the patches
on the equator coming to the meridian before those
on the ecliptic.

From what has now been said, it appears, that
the time shown by the clock corresponds with that
shown by the dial only four times in the year;
namely, at the time of the equinoxes and solstices;
throughout all the rest of the year the one is alter-
nately faster and slower than the other; thus, from
March to June the dial is faster than the clock,
from June to September slower, from September
to December the dial is agnin faster, and from
December to March slower.

Having explained in what manner the obliquity
of the ecliptic operates afpne cause of the differ-
ence of time shown by a correctly-going clock and
a true Sun-dial, I shall now proceed to consider
the other cause of this difference, namely, the ine-
quality of the Earth’s motion in its orbit, or of the
Sun’s apparent annual motion in the ecliptic.

WQ have already observed, that by the annual
motion of the Earth round the Sun, thatluminary,
as seen by a spectator on the s of our globe,
appears to go round in the eclif¥ic in the ‘order of
tﬁe signs. It has also been shawn that the orbit
in which the Eatth revolves is»eﬁvptical, and that
its motion therein is not egpable, consequently the

rent"ihotion of the Sun in the geliptic will
ince the same megu‘iﬁe‘s, and accordingly we find

tat he sometimes describes gere than 59 minutes,
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8+8 seconds, in a day, which is his motion at a mean
rate, and sometimes less, thus producing that other
part of the equation of time already alluded to, and
which I shall now endeavour to explain by once
more transferring the motion of the Earth to the
Sun, again calling in the aid of a fictitious Sun,
and supposing it, as well as the real Sun, to move
in the ecliptic, but the former with an equable mo-
tion, describing equal arcs in equal times, while
the latter Sun, revolving with a motion alternately
accelerated and retarded, in equal times passes
through unequal arcs. .

Let us now suppose these two Suns to start at
the same instant from,the apogee, or that point of
the ecliptic in which the Sun is most distant from
the Earth. 'The motion of the real Sun being
now the slowest, the fictitious Sun, whose motion
is always uniform, will immediately get before him,
and will gain upon him so much, that the real
Sun, notwithstanding his motion is constantly in-
creasing "yhile movli:ﬁfrom the apogee to the
perigee, will not ove thg fictitious Sun till he
arrives at the latter point, which they will both
reach at the same instant of time, and as the velo-
city of the real Sun is then a maximum, he
wnﬁ pass the fictitious Sun, and will so far gain
upon him in this part of his career, that although
the motion of the real Sun is now as-eon-
stantly retarded as it was accelerated while ap-
proaching the pagh, yet the fictitious Sun will
not overtake h Il they again both reach the
apogee whence tlgy set out. Hepce, it is evident,
that in moving “fronf*apogee to perigee; or while
the Sun is approachinggthe Earth, theagal Sun
will as it were be left behjnd by the fictitious San,
while, ‘on the other hand, ) moving from the
perigee to the apogeqgthe redl Sun gets ahead of
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the fictitious one. Since, therefore, the diurnal mo-

tion of the sphere (as was before observed) is in an

. opposite direction to the Sun’s annual motion in
the ecliptic, that Sun which is behind must ob-
viously come to the meridian sooner than the
other, and therefore, from July to January the
dial will be faster than the clock, and from Janu-
ary to July the clock will be before the dial.

It appears, therefore, that the obliquity of the
ecliptic to the equator, which was the cause first
taken into consideration, would make the dial and
. the clock agree on Eo?a 's of the gear, namely,
those on f,'\ghich the un) enters 1es, Cance’l",
Libra, and Capricornus, but the unequal motion
of the Earth in its orbit would only produce a co-
incidence between them twice in the course of -
that time, that is, when the Sun is in apogee and
perigee. When, therefore, the Sun is in these
points at his entrance into Aries amd Libra, or
into Cancer and Capricornusythe two eﬁes will
unite in making the dial and cldck agrée in those
points. The Sun’s apogee 4t present is in about the
tenth ydegree of Cancer, and his peri € Jn the
tenth degree of Capricornus; congequéntly the
dial and clock cannot coincide at the entrance of
the Sun'into these signs, nor, in fact, at any time of
the Jear except where the equation arising from
one °chuse becomes a counterpoise to that which
results from the other. “w:

By the explanation which *h#s now been given
of the two-causes of the equation of time, or dif-
ferenfe between the time sheymn'by a well- ,
lated clock and a true Sun-dial, it will he seen that
the: dial s sometimes slower from th® one cause
and faster from theg othyg, somiétimes faster or
slower from both es, and sometimes the effect
of the one is count ced:by that of the other.
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It is to be observed, therefore, that when one of
the equations is faster, and the other slower, the
true equation is found by subtracting the less from

the greater, and when they are both faster or both

slower, by adding them together.

The equation of time, as now described, is sub-
ject to some variations, which, although proper to
he mentioned, are so trifling, that for all conunon
purposes they may be very safely reglected in
calculation. .

The first arises from the: derangement of the
Earth’s motion by the M Venus, Mars, and
Jupiter, whefby the equation of time must of
course 'be effected. This variation, however,
amounts at & maximum to only 22 seconds.,» The
increase or deerease of the obliquity of the ecliptic
is -also attended with a proportional increase or
decrease in the equation of time ; this amounts at a
maximum to no more than' 1-5” in the course of

" sege pr f e
part- of the equation of time, -which
is gothi iore than theet(lliﬂ"erence between _the
mean and true place of the Sun, convertedsinto
time, comntdnly -called the equation of the Sun’s
orbit, is subject to a diminution of 125 seconds, in
a century, arising from a diminution of the equation
of the solar orbit at the rate of 18'8 seconds in that
time. There is also another variation in the eqea-
tion of time, ariging from the motion of the Sun’s
apogee ; this amoypts at a maximum to 14°3 se--
conds in a century, when the Sun is in the apo-_
geal or perigeal point of his orbit. ' N
_Tables of the equstion of time will be found in
the Nautical ‘Almansick, White’s Ephemeris, and in
most treatises on +Astrongmy. : The time shown
by the sun-dial is called ppgfent time, and that
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which is sheywn by a well-regulated clock is called
mean“time. - S

The Sun-dial being employed in determining
*some of the most important solar phenomena, no
apology, it is presumed, need be offered, for intro-
difting in this place a descriptioh of that uscful
instrument, with an account of the principles upon
whieh it is constructed.

A Sun-ial is a plane whereon certain lines are
described, in such a manner that the shadow of a
wire, or of the upper#ige of a plate-stile, perpen-
dicular to the plane he dial, m oint out the
exact time of a solar Uay. “Lhe eﬁz)f the (Elate.
by the shadow of which the time of the day is
foundijs called the stile of the dial, and the line
on which the said plate is erected ‘is called the
substile. The angle included between the itile
and substile is the elevation or height, of the stile.

Sun-dials e of various kinds according to the
position of the planes upon whicfthey are deli-
neated. Those whosc plgnes are parallel to the

- plane of the horizop aré called horizontal digls,
and thoge dials whose planes areerrpendicular to
the plane of d&gx]grizon, are called erect or vertical
dials; vertical hls, whose planes exactly front the
north er sout%;tare denominated direct north or
south dials: veftical dials, whose planes do not
fai®: the north or south, are called decliners, because
their planes decline from those "‘Y%‘n . Those
dials. whose planes are ncither paralleFnor n-
dicilar ta #W®, plane of their horizon, are na in-
clintng or gerlinidg dials, nco,ording as their planes
make acute er obtuse angles:, with. the plane of
that circle, and if, moreover, the planes of these
intlining or ret:litligngI N argtturned aside from
facing the north or s¥hey are called decliging-

jnclining or deelin*eclimng dials, There are
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various other sorts of dials, not necessary to be
bere spoken of, and for an account of whith re-
ference must be made to authors who professedly
treat upon the subject of dialling,

The face of every Sun-dial represents the plane
of some great cit¢le upon the Earth, and the ghio-
mon or stile the Enrt.f’g axis, whether it be a small
wire or the edge of a thin plate, as in most com-
mon horizontal dials. In order to 8xplain this,
let NB S D, fig. 18. be the Earth, supposed in
this instance to’ holloulr Wid transparent like a
sphere of gl let us alsagigpagine its equator. to
be divided g wenty-four equ‘:gl;:arts, b;qso man
meridian semicircles, ab ¢ d e fg, &c., one of whic
(a), is the geographical meridian of Londod" (sup-.
posed to be at L) ; if the hours of XI1I. be marked
updn that meridian and the opposite one, and all
the rest of the hours in order on the rest of the
meridians, those meridians will be tH#8 hour-circles
of London; %¥hen if the sphere have an opaque
axis N E S, upon which, it revolves, whenever by
the motioff ‘of the Ea the Sun comes to the
plane of any particular meridian, the shadow of
the axis will & n the opposi:%‘::eriﬂhn, and
will co; ; v the time at ndon, and at
all Places s:ron thejpame meridigg. If mow we
imagine a solid plane A B C D to pass through this
sphere in the rational horizon of London, tﬁe‘ Half
N E of the agis wil above the plane, and.the
other half Below it,"snd, therefore, the shadow of
half the axis will ajwiys fall upon on#side or'the
otherof this in ing plane, that is; the shifdow
of the. upper half N E of the axis, will fall some-
where upon the upper side of the plane A BC D,
while the Sun renfhins : the horizon, and the
shadow of tha lower hia S will fall upoh the
lower side of the same pl4i§p when the Sun is

1
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below the horizon of London. If, therefore, straight
lines be drawn from the centre E of the plane to
those points where its circumference is cut by the
hour-circles of the sphere, those lines will be the
hour-lines of a horizontal dial for London, for the
sh¥dow of the axis will fall upon“each particular
hour-line of the dial when it would have fallen
upon the corresponding hour-semicircle of the
sphere. ¢

The hour-lines being thus found by the inter-
sectin Koints of the hdiir-semicircles, it is evident,
that if these semicircles be supposed removed, and
the horizontal plane with the half of the axis above
it be alone left, this plane will be a correct horizon-
tal Sun-dial, the gnomon or stile of which is formed
by the half axis remaining in the position already
described. Hence the reason why the gnomoh of
those dials in our iatitude is always directed fo the
north pole, and always forms with the XIIth hour-
line C B, such an angle NE B as is equal to the
latitude of the place. It is also to be observed, that
on these dials only sixteen hour-lines ¥re drawn,
being ag. many as are required for those hours
duringkh e Sun is above the horizen on the
longest day. ese lines are all drawn from VI.
to XII*and VL again on the northern, and the

t on the southern part of these dials; the hour-
ﬁ of V1. lying directly east and west, as that of
XII. does north and south., Those hour-lines
which serve for the forenoor lie on the west side
of the plané, and are numbered from west to north,
and® those which serve for the -afternoon hours
-lie on the east side, and are numbered frem:north

Ao the foregoing illuggration®the plane of the
aﬂn has been &w‘!ﬁx the intersecting piane,
consequently axdsorizontal dial was uced;
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if, however, any otlier plane be chosen for an in-
tersecting plane, and lines be drawn from thc¢ cen-
tre of this plane to the points in the circuinference ,
through which the hour-circles pass, we shall
obtain the hour-lines for that plane: thus, if the
plane which cuts the sphere be perpendicalar’ to
the horizon, as A L B D, fig. 19, touching the
given place London at L, and directly fror:ting the
meridian of London, it will then become :he lane
of a vertical direct south dial; if, therelore, right
lines be drawn from its centre E to thos: pants of
its circumference which are.cut by the hour-circles
of the sphefe, these right lines will becoise the
hour-lines of a vertical or direct south dial for
London, on which the hours are to L¢ placed in a
contrary direction to those on a horizou:al dial, as
is shown in the figure, the lower half, E S of the
axis N E 8, casting a shadow on the irour of the
day in this dial at the same time that it would fall
upon the compesponding hour-semici:cles of the
sphere, were the plane of the dial rcmoved out of
the way. "If the intersecting plane (stiil tacing the
south) be made to incline or recline by any given
number of degrees, the hour-sem § of the
sphere will still ¢ut the edge of the plane in those
points to which the hour-lines must be drawn
straight from the centre, and the axis of the sph

whici is still the stile or gnomon of the di:E %
cast a shadow on these lines at the respective
hours. The same takes place if the plane be niade
to decline from the meridian any given number of
degrees less than 90, or provided the reclination be
less than the co-latitude ! of the place, the axis of the
sphere being s;il£ a gnomon or stile for the dpl.

3 [ J '
1 The co-latitude or ement of the latitude is what the
latitude of a place wants of 90 degrees.

12
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But when the declination is 90° or the reclination
is equal to the co-latitude, the axis ceases to be &

., gnomon, because in both these cases the axis has
no elevation above the plane of the dial.

The bulk of the Earth when compared with its
distance from the Sun, being but a point, if a small
sphere of glass having such lines upon and such
a plane within it, as above described, with facilities
for setting the inclosed plane to any given position,
be placed upon any part of the Earth’s surface,
so that its axis be parallel to the axis of the Earth,
(the plane being duly adjusted,) the particulars 1
have been describing will be thereby exhibited,
and the hours of the day shewn as truly as in the
%Eobe of the Earth, supposed transparent, or as
they would be in this small sphere placed at the
Earth’s centre.

To give a correct idea of the principles of dial-
ling, a brass sphere is sometimes employed, con-
sisting of twenty-four semicircles sliding over each
other upon a moveable horizon.

From what has now been said, it is dBvious that
the universal principle on which this art depends,
tonsists mging where the shadow of a wire, or of
the edge of a thin plate, parallel to the Earth’s axis,
(which the gnomon, of whatever kind it may be,
always represents), will fall on a given plane every
hoif; half-hour, &ec. Now, it has already been
shown, that the position of the hour-lines is deter-

irpd by means of the hour-semicircles, the art of
dialling, therefore, is for the most part reduced to
findifig the intersecting points of the hour-semi-
circles for all kinds of planes. These may be
determined in various ways, and although the

od of constructing Sun-dials cannot certainly
be saidl, properly speaking, to belong to the science
of“Astronomy, yet, s many persons studying that

ool 3
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science may be desirous of becoming acquainted with
some easy method of making a common horizontal
dial, I trust I shall incur no severe censure by
concluding this subject with directions for that*
purpose; and as the methods I am now about to
describe, being purely mechanical, and conse-
quently requiring no mathematical knowledge, nor
any acquaintance with logarithmic calculation, may
be put in practice by any person who feels dis-
posed so to do, I flatter myself they will prove
the more accveptable on that account.

Elevate the pole of a common terrestrial globe,
having the twenty-four meridian-semicircles drawn
upon 1, equal to the latitude of the given place,
and turn it upon its axis till any one of the me-
ridians cuts the horizon in the north point, where,
suppose the hour of XII to be marked, the rest of
the meridians will cut the horizon at the respective
distances of all the other hours from XII. Let
these points, therefore, be accurately marked upon
the horizon, after which, taking the globe out of
the standfit in a piece of lparg or a plate of any
kind even with the surface of the horizon. Then
if straight lmes be drawn from the cesére of the
board to those points of distance on the horizon
which were intersected by the meridian-semicircles,
these lines will become the hour-lines of a horizon-
tal dial for that latitude, the edge of wh emon
must of course occupy the exact place of the axis
of the globe previous to its being taken out of the
frame, that is, the guomon must make an angle
with the twelve-o’clock-line equal to the latitade of
tb;};lace for whil::lh tlt;:z dial is made. -

it is possible that every person who wanld

wish to make a dial may no:y be provided with a

globe, I shall now show h8w to. perform it by

meaps of the plain dmlhng-;mes, or scale of latitudes
1
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and hours, fig. 20. These scales, the expence of
which is very trifling, are to be had of all mathe-
_matical instrument makers.

Having drawn a double meridian-line, a & ¢ d,
fig. 21, on the plane intended for a horizontal dial,
and crossed it at right angles by the six-o’clock-
line ¢ /; take the latitude of the given place in your
compasses from the line of latitudes on the dial-
ling scale, and set off that extent from ¢ to ¢, and
from a to_f on the six-o’clock-line ; next, from the
line of hours on the same scale take the whole six
hours in the compasses, and setting one foot in
the point e, let the other foot fall where it will upon
the meridian line ¢ d, as at &3 do the same from /'
to 5, and draw the right lines ¢ & and £4, each of
which will of course ge equal to the whole scale of
hours. This done, set one foot of the compasses
at XII, in the beginning of the line of hoars on
the dialling scale, and extending the other to each
hour on that line, lay off these distances from d to
e for the afternoon hours, and from & to_f for those
of the forenoon, the lires d ¢ and & f will thus be
divided in the points 1 2 8 4 5 6, in the same man-
ner as theé¥hour-line on the scale is divided at I. IL
IIL. IV. V. VL. In the same manner the half
hours and quarters may be laid down if required.
Every thing being thus prepared for drawing the
houfr-iines, lay a ruler on the point ¢, and draw
the first five afternoon hour-lines from that
point through the points I 2 3 4 5 on the line d ¢,
continuing the IVth and Vth hour-lines throu
the point c to the other side of the dial, for the
like honrs of the morning. ‘This done, the

ruler on the point a, and draw the last five r-
linds in the E,il':.oo.,. through the points 5 4 8 21
on the line /" b, continuing the hour-lines of VIL
‘and VIIL through the point & to the other side ef
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the dial for the like afternoon hours, and set the
hours to their respective lines as in the figure.

Lastly, at the point @ (either by a protractor or
a line of chords) make the angle g a % equal to the
latitude of the place for which the dial is con-
structed, and draw the line 2 g, from g let fall
the perpendicular g % upon the meridian line a 5,
and there will be a triangle formed whose sides
area g, g h, and 2 a. If a plate beemade similar
to this triangle, and as thick as the distance
between the two lines @ b and ¢ d, and set upright
between them, touching at a and ¢, its hypothenuse
a g will be the gnomon of the dial, and when the
dial is truly set, being parallel to the axis of the
world, will cast a shadow on the hour of the day.
The hour-lines being less distant from each other
about noon than in any other part of the dial, it
is best, in order to enlarge the hour-distances
thereabout, to have the points irom which the hour-
lines are drawn a little distance from the centre of
the dial-plane on the side opposite to XII. Thus
C is the centre of the plage, but the points & and
¢, at some distance from it, are the points from which
tthhour-lixl;es are drawn. f

s it is by no means my intention to go deepl
into the art of dialling, I s%xall now, havig sm
two very easy methods of constructing that kind of
dial most generally used, proceed to point-out in
what manner a dial when made may be set due
north and south, as without some method of doin
this, the dial, though ever so truly construc
will become entirely useless. Now, in order to
do this, it is necessary to have a true meridian
line, or a line which, if produced, would s
through the poles of the: Earth and the spot wm
the dial is to be .
- On a smooth horizontal plane describe three or
14
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four concentric circles, as 1 2 8, fig. 22, and in the
common centre C, fix perpendicularly a wire B C,
having a round blunt point, and of such a length
that the extremity of its shadow may fall within
the outermost circle, at least three hours before
noon. Observe in the forenoon when and in what
points the extremity of the shadow just touches
the several circles, and make marks at those
points. .

In the afternoon of the same day make similar
observations, marking the points of contact on the
circles as before. Then taking any circle in
which two dots are found, as suppose A D in
circle 2, and with any convenient opening of the
compasses and the centre A, describe the arch
a b, then with the same radius and the centre D,
describe the are ¢ d, intersecting e b in the point e :
lastly, through the points C and ¢, draw the line
C ¢, which will be the meridian-line required.
The advantage to be derived from drawing several
circles is, that in case of missing the time when
the point of the shadow is just in centact with one
circle, you may catch it when it touches another.
If the weagher prove so favourable that both points
can be marked on more of the circles than one,
let the sgme operation be performed with as many
of the circles as both points can be obtained upon,
and take a mean of all the bisecting lines for a
meridian,

This method of drawing a meridian-line evi~
dently supposes that the Sun’s declination does
not change during the interval between the ob-
servations; as, however, the Sun’s declination
unglergoes a perceptible change in the space of
four or -six hours at certain times of the year,
about the equinoxes‘for instance, it will be pro-
pets in order to avoid as much as possxble
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any inaccuracy from this cause, to make the observ-
ations about the time of the Summer solstice, at
which season of the year the Sun changes his
declination so slowly as to create no error worth .*

regarding.
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LECTURE XI.

THE PHENOMENA OF THE PRIMARY PLANETS AS SEEN
FROM THE EARTH, — THE APPARENT MOTIONS
OF THE INFERIOR PLANETS MERCURY AND VENUS.
= OF TRANSITS. — ON PARALLAX. — THE ME-
FHOD OF FINDING THE SUN’S HORIZONTAL PA-
RALLAX FROM THE#RANSITS OF VENUS, — THE
PARALLAX OF THE SUN REING KNOWN, HIS DIS-
TANCE FROM THE EARTH EASILY ASCERTAINED,
AND THENCE BY ANALOGY, THE DISTANCES OF ALL
THE PLANETS FROM THE SUN.

Havine concluded our observations upon the solar
henomena, (for eclipses of the Sun, hereafter to
ﬁe treated of, being caused by the interposition of
the Moon, cannot be properly comprehended under
that head,) the apparent motions, &c. of the pri-
mary planets will next claim our attention.
ﬁle true motion of these bodies in their re-
spective orbits, which is according to the order of
the signs, is called direct or #n Consequentia ; but
their apparent motion is sometimes contrary to the
order otpale signs, and is then said to be retrograde
or in Antecedentia. Since the plangts all revolve
round the Sun with different vefocx!g their situ-
ations relatively'to each other must, of course, be
perpetually changing, by which change of position
certain configurations take Xllace among these
bodies, arising from their different longitudes
measured on the ecliptic ; these are denominated
16
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their aspects ! of which the ancients reckoned five,
namely, Sextile, Quartile, Trine, Opposition, and
Conjunction. The Sextile aspect which is thus
marked % is, when the planets are the sixth part of
a circle, or 60° from each other. The Quartile
or quadrate marked O, when they are 96°%
or a quarter of a circle apart. Trine, marked 4,
when one third of a circle, or 120° distant.
sition, marked &, when half a circle or 180° from
each other. And Conjunction, marked & , when two
or moreplanets are in the same degreeof'the ecliptic.

These terms are also applied in the same manner
to any two of the heavenlgbodies; thus, the Sun
and Moon, the Sun, or Mo6n, and any planet, &c.
may, in like manner,*be in Conjunction, Opposi-
tion, Trine, Sextile, &c. The introduction of these
aspects is doubtless to be attributed to astrologers,
by whom they were distinguished into benign,
malign, and indifferent ; the Quartile and Opposi-
tion were considered malignant; the Trine and
Sextile, benign or friendly; and the Conjunction,
indifferent. Kepler, who added eight new ones
to those previously known, *defines an aspect to be
the angle formed {:y the rays of two planets meet-
ing upon the Earth, whereby their good or bad
influence is determined.

It bas already been remarked, that the planets

Metcury and Venus, revolving round the Sun in
brbits which are comprehended by the orbit’cf the
Earth, are called inferior planets, and that Mars,
Jupiter, Saturn, and Uranus, whose orbits include
that of th#Earth, are called superior planets, the
connecting link between which and the infefior is -
the Earth that we ourselves inhabit. Now, in
pursuing our investigations relative to these bodjes,

.
1 From aspecto to look stedfastly.
16
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we shall find that each presents phenomena peculiar
to the ¢lass to which it belongs; it will be proper,
therefore, to treat of them according te this ar-

rangement, b:;mnmg ing with the inferior planets
:Megsury and Venus. ¥ P

‘¥ These planets dre never seen at any great dis-
tance from the Sun, and Mercpry being the nearest
to that luminary, and the least in magnitude, is very
seldom visible; it is only, therefore, just after the
setting of the Sun in the evening, or a little before
his rising in the morning, that we can be indulged
with a sight of this planet. When Mercury first
makes its appearang Sun-set in the west, he
resembles a brilliant kling star; but by con-
tinuing our observations dering 4 few succeeding
evenings, he will be.easily distinguished from the
fixed stars by a small progressive motion, whereby
his distance from the Sun increases till it becomes
(at a mean rate) about 22 or 23° when, having
attained his greatest elongation or distance from
the Sun, he appears for-some time stationary, after
which he moves backwards in a retrograde direc-
tion towards the Swa; the time that elapses
between the setting of that luminary and the
planet (which never exceeds an hour and fifty mi-
nutes) daily decreases, until at length, the “latter
plunges' into the Sun’s rays, and is altogether lost
to our sight; after which, if we observe the heavens
just'before Sun-rise in the morning, we shall soon
discover the same planet, whose distance from the
Sun again increases, till it is about 22 or 28°
when, after being s second time siionary, he
AFain returns towards the Sun. The greatest
elongation of Mercury, or its greatest apparent
digtance from the Sun, is not always the same; bat
varies from about 1%%° 30’ to 28° 20'.

The apparent motions of Venus are exactly
tmilar to those of Mercury, but being exterior to
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that planet, she recedes farther from the Sunj as
seen from the Earth, her greatest elongation vary-
ing from 44° 57 to 47° 48, and from the slowness
of her motion, her staflons and retrogradations are,
less frequent than thod¥of Mercury. :

The cause of these phenomena will be under-
stood from diagram 6, which consists of three
pieces, numbered 1, 2, and 8. Let T, No. 1, of
this diagram represent the Earth, abcdefg i
the orbit of Mercury, and ABCDEFGH the
orbit of Venus, also let m, No. 2, be Mercury, and
V, No. 3, Venus, and in both ket S be the Sunh.
For the purpose of showing. the angular distances
of Mercury and Venus the Sun in different
parts of their orbits, ® graduated circle is attached
to the Earth, from the centre !, of which also pro-
ceeds a silk thread or string, representing the
visual ray, or the line in which the planet is seen
by an observer at T, Part 1 of this diagram being
put on the machine in the usual manner, let the
Earth be brought to coincide with the first point
of Capricornus, then placing part 2 on the machine
in the same manner, and bringing Mercury to a,
the diagram is prepared for illustrating the appa-
rent, motions of that planet.

Now, as the eye alone will not enable us to form
a true estimate of the distances of objeéts whese

-

U It may appear at first sight that the visual ray Should
proceed fromm part of the Earth which is turned directly
towards the Sun, rather than from the Earth’s centre; as,
Bowever, the orbits of Mercury, Venus, and the Earth, are
#id down i# the diagram upon a scale according to their
ppeRtive mean distances from the Sun in round numbers, it
Milsnlial to the illustration, that the visual line should pro-
¢ARTeom that point of the orbit in which the Earth isgsu
posed to be placed; it is moreover obvious, tbat were the
figure representing the Earth made in true proportion to its
stance from the Sun in the didgram, its diameter would be
infinitely less than the thickness of the string itself.
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remoteness is so considerable as that of the hea-
venly bodies, the Sun and- Mercury (if it could be
seen) would both appear to an observgr at T to be
in the ite point of the ecliptic, or in.the first
point of Enoer; Mercury, however, being between
thie Earth and Sun, will be invisible because his
enlightened side is turned from the Earth, unless
He be at the time in one of his nodes, in which case
he will appear like a dark spot on the Sun’s disc.
The silk string which represents the visual lice
being passed over the centre of Mercury and the
gun, and e}ctegtled-\w ’t‘l:la ecliptic, hwil:.- cut the
rst point of Cancegd render the foregoin
obsersr’:tions cleaﬂ%tood. In like ma?::lefg,
this string. being {xept- conBtantly stretched over
the centre of the planet, and extended to the eclip-
tic, while the planet is made to revolve round the
Sun, will show the vibratory motion of Mercury
with regard to the Sun in that circle; but its an-
gular distance from that luminary in each particular
point of its orbit, must be sought for on the gra-
duated’ semicircle attached to the Earth, for the
Earth’s orbit being but a pbint compared with its
distance from the fixed stars, it:ip obvious, that the
ecliptic must be referred to an indefinite distance
from the Sun and Earth, and consequently, in any
figure we can construct for the purpose of illustrat.
ing this subject : the angular distance betweerf the
Sun and planet must always be sh by some
such method as that above mention%n h -
ences, therefore, made to the ecliptic on
chine in the present instance, are merely #
to show that the interior planets are in &
"continual oscillation about the Sun, the
- distances from which, as before observe
determined by the semjcircular arc attache
Earth for that purpose,

i >

d to the

M
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‘When Mercury arrives at b in its orbit, it ap-
in about 5° of Gemini in the ecliptic, as seen
mthe Earth, its angular distance from the Sun

being about 12°.! ‘g’ben Mercury is at ¢ in his .
orbit, he appears at his greatest western elongation
or distance from the Sun, which, as shown by the
graduated arc, is about 22 or 28°; in this situa-
tion he appears to remain for some time stationary,
neither receding farther from the Sun, nor advanc-
ing nearer to him, but as Mercury moves from ¢
to d, he appears to return tewards the Sun, and
seems to be in the same point of the ecliptic, and
at the same angular distange from the Sun when at
d as when he was at 5, butsof a much smaller size.
At ¢ hc is lost to the 8bserver at T, behind the Sun.

While Mercury is moving from e to £; he

to recede from the Sun eastwards, and at £, his
apparent magnitude and his angular distance from
that luminary are the same as they were at d, his
apparent place in the ecliptic being about 25° of
the sign Cancer. When-Mercury gets to g in his
orbitﬁ:]e is*at his greatest eastern elongation, where

he again becomes stationary. In ioing from g to -
h mﬁs orbit, he seems to go back again in the
heavens towards the Sun, his distance-from which
at % is the same as it was at £ but on account of
his proximity to the Earth, his apparent magnitude

1 This e Fle at once sets the foregoing observations in
a clear poin€®f view. Thus, were the distance of Mercury
i the Sun to be measured on the ecliptic, it would be
gnd to be almost 30°, whereas, by the graduated arc, it is -
fb be no more than about 12° but were the écliptic so
rably enlarged, that the distanee between Sun
, in comparison of it, became a mere paint, the
Rurth might then be considered as the centre of thist circle,
“sndconsequently, the angular distance between the Surt and
Mercury, measured on the eﬁie 20 extended, would eoin-
cide with that shown by the ard above mentioned.
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is much increased, being the same as it was at b,
When Mercury comes to @ in his orbit, he again
passes by the Sun, and disappears as before.
While Mercury is going frem ¢ to g in his
orbit, or from his western to his eastern elonga-
tion, his motion will appear direct, or according to
the order of the signs that is in the direction of
" his real motion, but from g to c,. that is, from his
eastern to his western elongation, his apparent
motion will be retrograde, or contrary to the order
of the signs; and as Mercury describes a much
greater portion of his orbit in moving from ¢ to g
than from g to c, he appears longer direct than
retrograde. When Mxmr_y is at a in its orbit,
so as to be between the Sun and Earth, he is
said to be in inferior conjunction with the Sun,
and when Mercury is at e, he i§ behind the Sun
with regard to the Earth, and is said to be in su-
perior conjunction with that luminary. In the
former of these situations he is also said to be in
his perigee or nearest the Earth, and in the latter,
in his apogee or farthest from the Earth. The
angle at the Sun, formed by two lines drawn to
him from the Earth and Mercury, or any other
planet, is called the anomaly of commutation of
that planet. The apparent longi:ude of Mercury
or any other planet as seen from the Earth, is
calleﬁ.its geocentric longitude, and the longitade
it would have if viewed from the Su*’p centre is
called its heliocentric longitude.

Now, removing part 2, and putting part 8 ef
the same de:fx (consisting of the Sgun and, Vi
nus) in its p let Venus be brought to &34
this situation, like Mercury at a, she is in her#gs
-ferlor conjunction and disappears because her

side is turned towards the Earth, unless, as was
observed of Mercury when in'a similar point of
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its orbit, she be at the time in one of her nodes, in
which case she will appear like a dark spot upon
the Sun. In moving through the arc A B of her
orbit, she appears to recede from the Sun west-
ward, and when at B, having arrived at her great-
est western elongation, she will appear for some
time stationary, her angular d'stance from the Sun
as shown by ti;e graduated arc already described,
being, at a mean rate, about 46°. \’Vﬁile moving
from B to E through the arc B C D E of her
orbit, she will seem to advance towards the Sun,
and at E will disappear, being in her superior
conjunction with that luminary, like Mercury at
e. In going from E to H, she appears to recede
from the Sun eastward, and at H is at her greatest
eastern elongation, where she once more appears
stationary, atter which, while moving from H to
A, she seems to return towards the Sun, apd at
A, having her dark side once more turned towards
the Earth, she is again lost to our view.

The apparent motion of Venus while going from
B to H in her orbit, or from her western to her
eastern elongation, like that’ of Mercury in going
from ¢ to g, is direct, or according to the order of
the signs, and while going from g to ¢, or from hex
eastern to her western elongation, it is retrograde
or contrary to that order, like the apparent motion,
of Mercury from g to c; but like that planet, she
appears mugh longer direct than retrograde, be-
cause she describes a much larger portion of her
orbit in the former,instance than in the latter.
While Venus is going from her superior conjunc~
tion. at E, to her inferior conjunction at A, s‘le is
séen on the east side of the Sun, as viewed from,
the Earth, and, therefore, remains above the hori
zon in the evening after the Sun has set, for the
Sun being then westward of Venus, must ohviously
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arrive at, and sink below the western verge of the
horizon before Venus, who is therefore then deno-
minated the Evening Star. From her inferior con-
junction to her superior, she appears on the west
side of the Sun, and consequently rises before him
in the morning; for which reason she is then called
the Morning Star. In describing the telescopic
~appearances of the planets, it has already been ob-
served, that Mercury and Venus exhibit to us
nearly all the different phases of the Moon; thus,
after the inferior conjunction of these planets, that
is, when they are first seen rising before the Sun
in the morning, they appear like the Moon about
four days old, shining with,a fine luminous cres-
cent. This luminous crescent increases in breadth
with the increase in the apparent distance of these
planets from the Sun, and when they have attained
their greatest western elongation, they appear like
the Moon at the first quarter. As they are seen
to return towards the Sun, their disc becomes gra-
dually more illuminated, and at the time of tﬁl:ir
superior conjunction, g\eir enlightened side being
turned towards the Sun and Earth, they would
appear like the full Moon were they not rendered
invisible by the superior brilliancy of that luminary
or hid by the intervention of his body, as is the
case when they are in either of their nodes at
theotimie of their superior conjunction. When
they first become visible in the evenimg, they ap-
pear gibbous, having more than half their disc
illuminated. As they appsoach to their eastern
elongation, the enlightened part of their disc di-
minishes, and when they have reached their greatest
elongation, it is again dichotomised or half
erfiightened. ~ As they appear to return towards the
Sun, their luminous dis¢ gradually becomes less and
Yess, till having once mere arrived ag their inferior
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conjunction, their enlightened side is again com-
pletely turned away from the Earth. The various
appearances of Venus as she revolves round the Sun
are exhibited in fig. 23. Venus does not shine with
the greatest lustre when she presents the greatest
portion of her illuminated disc to our view, for her
splendour is at that time diminished by her greater
distance from the Earth in a more considerable
degree than the illuminated part of her disc pres
sented to_us is increased. Venus is brightest when
her elongation or apparent distance from the Sun
is 99° 44/, in which situation she has been fre-
q:gntly seen in the day time and in bright sun-
shine. -

For the more easy comprehension of the geo-
centric motions of the inferior planets, the Earth
has been hitherto considered as stationary in one
particular point of her orbit, while they were res
volving round the Sun in theirs, and were this the
case, the places of conjunction, both inferior ang:
superior, as also those of greatest elongation, to-
gether with the stations of the inferior pﬁ::lets, and
their arcs of direct and retrograde motion would
be always the.same, but by the motion of the Earth
in its orbit, all' these phenomena are continuall
advancing forward in the ecliptic; and it ig on this
account also that an inferior planet is not stationary
at the time of its greatest €longation, but .qpme
time afier, when the planet is approaching the
inferior, and before the time it is approachi
the superior conjunction..

The greatest elongations of the inferior plgnets
are not always the same, but are subject to.con-
tinual variations within certain limits : this variation
is owing to the elliptical figure of their orbits, and
that of the Earth, which produces a variation also
in the stationary points and conjunctions of the
inferior planets.
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If the orbits in which the planets Mercury and
Venus revolved round the Sun were in the plane
of the ecliptic, these planets would always be seen
to traverse the Sun’s disc and to pass across its
centre in the interval between their disappearing in
the evening and their re-appearing in the morning,
that is, at every inferior conjunction of these planets
with the Sun. It has, however, been shown that
the orbits both of Mercury and Venus are in-
clined to the ecliptic several degrees, for which
reason they can never be seen upon the Sun, ex-
cepting when they are either in, or very near
to one of their nodes at the time of their being
in ipferior conjunction with the Sun. If they
are exactly in their nodé at the time of the
conjunction taking place, they will appear to pass
over the centre of the solar disc; if their geocentric
latitude at the time be any thing less than the
semidiameter of the Sun’s disc, they will be seen
to traverse some portion of his upper or lower
limb, according as their geocentric latitude is
north or south; if their latitude be equal to the
semidiameter of the Sun, they will just touch the
limb of the Sun, but without entering it or obscur-
ing any part of it; and if their geocentric latitude
e cee(i the semidiameter of the solar disc, they will
pass either above or below the Sun and be invi-
siblg, having their enlightened side turned entirely
away grom the Earth in the manner already de-
scribed. :

The apparent motion of an inferior planet across
the disc of the Sun is called a transit, and from
the above observations, it is evident that these
phenomena can very seldomn take place ; when the
dd happen, they cannot fail, from the rarity of their
occurrence, to prove highly interesti:g to Astro-
pomers, and as the transits of Venus afford an easy
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method of enabling them to determine the distance
of the Sun from the Earth, these phenomena may
be considered among the most important the
science of Astronomy has to boast. As, however,
this mode of ascertaining the distance of the Sun
consists in finding the parallax of that lumin
by t:~ transit of Venus over his disc, it will be pro-
per in this place to enter a little into the subject of
parallax, or the difference in the place of a planet
as seen from the centre, and from a point on the
surface of the Earth,

Let A B, fig. 24, be the Earth, C its centre, H
a point in the rational horizon, A the place of a
spectator. Z the zenith of the place A, and DEF
G four d.fferent positions of a planet or any other
heavenly body; also, let Z I H represent an arc
of the starry heavens, comprehended between the
horizon and the zenith; when the planet is at D,
it will appear in the horizon at H to a spectator at
the Euarth’s centre, but to the spectator at A, on
the surface of the Earth, the planet will appear at
h below the horizon, H being the true and % the
visible or apparent place of the planet; the paral-
lax of the planet D, will therefore be measured by
the arch X % of the heavens, or by the angle
H D %, which is equal to theangle AD C. « When
the planet is above the horizon at E, its true place
visible from the Earth’s centre is P, and its appa-
rent place p; its parallax, therefore, will be P p,
In ¥ke manner, when the planet is at F, its pa-
rallax will be R », and when the planet is at G,
or in the genith, it will have no parallax, bein
seen in the same point of the heavens, as view
either from the centre or the surface of the Earth.
The parallax of any object, therefore, is the
greatest when in: the horizon, decreases as the alti-
tude increases, and altogether disappears when the
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object is in the zenith, because its true and appa-
rent places then coincide.

The effect of parallax is to diminish the altitude
" any celestial phenomenon, or to make it appear
nedrer the horizon than it really is, hence it is
- called the parallax of altitude.  As, however, this
change of the altitude by parallax, may, according
to the different situation of the ecliptic and equator
to the horizon, also produce a change in th:(]ongi-
tude, latitude, right ascension, and declination of
the phenomenon, there will also be a parallax in
longitude, a parallax in latitude, a parallax in right
ascension, and a parallax in declination ; thus, the
parallax diminishes the langitude in the western
part, and increases it in the eastern; diminishes the
northern latitude and declination in the eastern
part, and increases them 'in the western, but
increases the southern both in the eastern and
western part; ‘increases the right ascension, and
diminishes the descension. ence it appears
that the parallax has just the contrary effects
of refraction, and consequently without a know-
ledge of the parallax of any body, it would be
impossible to make the necessary correction for
determining its true place in the heavens. The
doctrinc of parallax, however, derives its greatest
tniportance from its affording us the means of cal-
cultiting the distances of the heavenly bodies, for
if the horizontal parallax of any heavenly body or
the angle D of the triangle A D C be known, the
side CD, which is the radius of the Earth, being
alreudjy known, the distance of the body from the
Earth’s centre may be ascertained by a common
problem in trigonometry.

“The parallax of an object is evidently the same
angle which the distance between the Earth’s
and a given poigt on its surface subtends at

hs



LECTURE XI. 19}

the object ; hence it appears that the farther the
object is distant from the Earth, the less will be its
parallax ; thus, the parullax of the planet X is
only H z, which is less than H 4, the parallax of the
planet D. As, therefore, the parallax of an objectde-
pends on the distance of that object from the Earth,
it is easy to conceive that this distance may be se
great as to render the parallactic angle insensible, in
which case the object will have no parallax, and con-
wequently will be seen from all parts of the Earth in
the same position : thus, the fixed stars are so
remote as to Lave no sensible parallax, and even
the Sun and ali the primary planets éxcept Mars
and Venus when in perigee, are so far from the
Earth, that thew parallax is too small to be easily
detected. The very great“importunce, however,
of the horizontal pardllax in determining the dis-
tances of the heavenly bodies with accuracy, has
induced Astronomers to invent several methods for
obtaining the horizontal parallax of the Sun and
planets. It would, however, be entirely foreign to
‘?e object of these lectures, fo enter into g minute

etail of the various methods which have been pro-
posed for this.purpose. The easiest methog of
determining the parallax of a planet is by observ-
ing its zenith distance, and its relative position to a
fixed star at two places on the Earth’s surface
nearly under the same meridian, but very remote
from each other.! In the case of the Sun, how«
ever, the parallax is so small on account of the
immense distance of that luminary from the

N -~ .

' As the sum of the sinés of the two zeniths® dis Gr
the observers be on different sides of+the equator) or thgir
difference (if on the same side) is to radius, so is the di
of the two angular distances of the planets from the fixed
star, to the planet’s horizontal parallaz.

27
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that it can only be accurately determined from the
ransits.of Venus. ce e .

The method of finding the parallgx of the Sun
from the transits of Venus over hig disc was first
suggested by Dr. Halley, who, in the year 1691,
presented to the Royal Society a dissertation upon
that subject with an account of the particular times
when such transits would take place. This mode
of finding the parallax of the Sun was recom-
mended by the Doctor with all that earnestness
which the importance of the subject required, and
according to_his suggestions several Astronomers
were dispatched to different parts of the globe for
the purpose of observingathe transit of Venus in
1761, and also that of 1769. From these observ-
ations, which were conducted with the greatest
care, the distances and magnitudes of the Sun and
planets have been more accurately determined than
by any method previously adopted for that purpose.

The general principles of this important and
abstruse operation may be thus explained: The
apparegg magnitude of the Sun and the perjodjg
time of~ Venus being known, the time that she
employs in moving over the Sun’s disc may .be
easily calculated, and is the same as would be ob-
served by a spectator at rest at the Earth’s centre.
The duration of these transits, as seen from dif-
ferent parts of the Earth, differ from each other,
and also. from the calculated time; and this differ-
ence between the true and observed duration of
a transit, obviously arises from, and will be in di-
rects proportion to thg parallx of Venus, for the
nearer Venus is go the Earth the greater is her
parallax, and consédquently, so much the more will
thegrue duration of her transit be contracted. By
obeerving, therefore, at places adapted to the pur-
pose; how much the dygptjon of the transit is less
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than its true duration calculated for the Earth’s
centre, the parallax of Venus will be ascertained,
whence, by snalogy, the parallax and distance of
the Sun and;ﬂ_' all the planets-from him may be
readily found:' " This will be understood from fig.
25. in which, let S be the Sun, A D B the Earth,
C its centre, and V Venus, revolving in her orbit
in the direction @ V 4. The Earth’s motion on
its axis being in the direction B D A, contrary to
the motion of Venus in her orbit, the motion of
Venus across the disc of the Sun in the path v ' v
will be accelerated in consequence of the observer
being carried by the Earth’s rotation in the con-
trary direction B D A, and therefore the transit
will be of a shorter duration than it would be if
viewed from the centre C 8f the Earth, or from
any point of the Eafth at rest; for were Venus
even to remain stationary, and the Earth toshave
no other motion but that of its diurnal rotation, it
is clear that the planet Venus wowd appear to
move across the solar disc. 'When the observer
is at B, Venus will appear like a black upon
the Sun at v; when the oBserver has a at D,
Venus will appear at v/, and vh 1 he Haaigot to
A, Venus will appear at v”. But the mdtion of
Venus in her orbit will also cause her to appear to
move across the Sun’s disc in the pnth vv' ", and,
consequently, that motion must be considefdbly
accelerated by the diurnal motion of the Earth,
causing a contraction of the transit which must
evidently increase with the proximity of Venus to
the Earth, and it is thereforg proportional o *her
horizontal parallax. By observing, therefore, at
proper places on the Earth, howsiuch the durati

of the transit is diminished, or by finding the dif-
ference between the observed time of the transit
and its calculated time as segn from the centre of
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the Barth, the parallax of Venus and that of the
Sun mag be ascertained.

Another method of finding the San’s horizontal
is as follows: let A B D, fig. 26. bé’the Earth, V,
Venus, and RS T, the eastern limb of the Sun.
To a spectator at B, the point z of that limb will
be on the meridian, and will be referred to the
point E in the heavens: Venus appearing just
within the limb of the Sun at S. But at the
same instant, to a spectator at A, Venus is east of
the Sun in the line A V F, and if she werc then
visible, would appear in the heavens at F: while
the point z of the Sun’s limb is referred toe. The
horizontal parallax of Vex.lus is CV A, and is
equal to the opposite angle F V E, which is mea-
sured by the arch F E¥ CS A is the Sun’s hori-
zontal parallax, equal to thevpposite anglp e S E,
whose measure is the arch ¢ E. Now, the angle
C V A, the horizontal parallax of Venus, may be
readily found bz observing the difference between,
the ingress of Venus upon the Sun’s limb, as seen
from B, or the time she takes to move from
Vito allowance’ being made for the differ-
ence of the meridians A B. The horigontal pa-
rallax of Venus being found, the Sun’s horizontal
parallax may be easily ascertained, for C V A
the horizontal parallax of Venus, is to C S A, the
Sup’s horizontal parallax, as SC is to VC, the

ratio of which is known, and the horizontal Lpa-
rallax of Venus being found, we have ﬂ%ﬁ-v— =
the Sun’s horizontal parallax C S A.

From a great number of observations, made
with every' ssible deEree of accuracy, u the
t@ansit of Venus in the year 1769, in different
parts of the world, the Sun’s parallax‘has been

found to be 8". 73, whence, by a simple operation
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in trigonometry, his distance from the Earth is
found to be in round numbers, 95 millions of
miles. i

The distancé™of the Sun from the Earth having
been ascertained, the distances of the 6ther planets
from the Sun may be deduced from the third law
of Kepler by the following proportion: — As
the square of the Earth’s period round the Sun
is to the cube of its mean distance, so is the
square of the period of any other planet to a fourth
proportional, the cube root of which will be the
distance of that planet from the Sun.

The distances of the Sun and planets being
known; from their agparent diameters at those
known distances, their true diameters and magni-
tudes may be ascertained.

- ,
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LECTURE XIL

PHENOMENA CONNECTED WITH THE PLANET WE
INHABIT, AS VIEWED BY A SPECTATOR ON IT8
SURFACE. — OF THE ABERRATION OF LIGHT.—
OF THE PRECESSION OF THE EQUINOXES AND
THE NUTATION OF THE EARTH’S AXIS.

Ar the distance of about 95 millions of miles
from the centre of the systeg, in a happy medium
between the proximity of the inferior planets to,
and the remoteness of the superior planets from,
the Sun, is placed the Earth, the planet on which
we ourselves reside, and which, on this account,
cannot fail to become an object of peculiar interest
to us who inhabit it.

The apparent diurnal and annual revolutions of
the Sum_e have already shown to result from the
motions Of our own globe, the former being caused
by the rotatioh of the Earth about its axis, once in
28 hours 56 minutes 84 seconds, and the latter,
by its arnual motion round the Sun, performed in
about 365 days 6 hours. We have also seen that
the Darth is of a spheroidal form, that its orbit is
of an-elliptical figure, and that these circumstances
(which are common to all the planets of the
system) are the natural effects of a centrifugal
force combined with the power of attraction; and
we have contemplated this globe (while explaining
the phenomena of the Sun as seen by a spectator
on t.Ee Earth’s surface) as undergoing the vicissi-
tudeg, of day and night, and experiencing the
regulfirreturnsand orderly succession of the seasons.
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I shall, therefore, in the next place, proceed to
describe those phenomena connected with our
planet, which have not hitherto come under our
consideration.

The aberration of light is a phenomenon arising

*from the progressive motion OF that fluid, and the
annual motion of the Earth in its orbit. For the
discovery of this phenomenon we are indebted to
Dr. Bradley, who was led to it by the result of
observations made for the purpose of determining
the annual parallax of some of the fixed stars, or
the apparent change of place in the heavens to
which it was supposed by Astronomers the fixed
stars would be subject yhen viewed from the Earth
in two opposite points of its orbit; in other words,
to find the angle subtended by the diameter of the
Earth’s orbit at the fixed stars.

The only objection of any very considerable
weight that could be urged against the Copernican
view of the Earth’s annual motion round the Sun,
and which was eagerly laid hold on by the oppo-~
nents of the Copernican system, was, that if the
Earth describes arr orbit round the Sufl, whose
diameter is nearly two hundred millions of miles,
it follows that, if the axis (which always preserves
its parallelism through every part of its revo-
lution) in any part of its orbit be directed. to a par-
ticular point in the heavens, it ought, in six mronths
from that time, to be directed to another point,
two hundred millions of miles distant from the
former, which is quite contrary to what is found
by observation to be the case. Now, although the
legitimate answer to this objection, as proved by
repeated experiments, is, that the distance of the
nearest fixed star is so immensely great, that the
orbit of the Earth viewed from it becomes only a
point, and consequently does not subtend any sen-

K 8
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sible anfle. yet, as the discovery of such a paral-
lax would satisfactorily demonstrate the truth of
the Copernican system, and would besides, if the
quantity of the annual parallax of any of the fixed
stars could be ascertained, enable us with ease to
determine the distance of those stars from the
Earth, this enquiry must, on both these accounts,
be particularly deserving our attention ; and it bas
accordinsk' been pursued by Astronomers with the
utmost diligence, and it was while engaged in
making observations for this purpose that Dr.
Bradley discovered a variation in the position of
the stars, called their Aberration, which could
neither arise from parallax nor from the nutation
of the Earth’s axis (hereaftét to be explained).

As the aberration of light is a sugject of con-
siderable importance, a few particulars relative to
its discovery, may, perhaps, be found interesting.
On the 3d December, 1725, the Hon. Samuel
Molyneux, Esq. assisted b{iDr. Bradley, with an
instrument constructed by Mr. Graham, upon the
accu of which they could depend, fixed per-
pendici¥rly, began to"observe the bright star y in
the head of Draco, as it passed near the zenith,
and carefully took its situation, noting the time of
the observation. This process was repeated on
the 5th, 11th, and 12th days of that month, with-
out any change in its distance from the zenith at
the time of its passing over the meridian bei
percelved, but on the 17th of the same month, it

a little more southerly; on the 20th, they
repegted their observations, and found that it was
removed still more southerly, and so continued to
transit the meridian more and more southerly, ill

abbut, the beginning of March, 1726, when it had

- d at its most southern limit, and was
to pass over the meridian, 20" more southerly
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than at the time of their first observation on the
8d December, 1725. Its distance from the zenith
appeared to repain the same till about the middle
of April, when they first perceived it to be return-
ir;g back towards the north. About the beginning
of June, it the meridian at the same dis-
tance from the zenith as it bad done in December,
and from that time it continued to transit the me-
ridign more and more northerly each succeeding
day till September following, when it again became |
stalionary, being 20 seconds more northerly than
in June, and 89 seconds more northerly t in
March. From September it returned towards the
south, and in December’it again arrived at the
same “Bituation in whith it was cbserved twelve
mouths before, allowance being made for its differ-
ence of declination arising from the precession of
the equinoxes, As the change of position observed
in this'star ‘was net in the direction that it ought
to have been if caused by parallax, it became a
nistter of difficulty to the observers to account for
so singular a phenomenon, and the death of Mr.
Molyneux occurred before®its true causdavas dis~
covered. After that eventy, however, Dr. Bradley,
in the year 1727, began a similar course of observ-
ations at Wanstead, in Essex, where, not having
convenience for the use of so long & teléscope as
that of Mr. Molyneux, the le of which, was
upwards of 24 feet, he made use of another instru-
ment of 12} feet, made also by Mr. Graham, and
afler twelve months observations, during which he
found the same appearances to take place, not only
in thet, but also in several other stars, and

fully satisfi eidoi;hﬂte a"arxectness of his instmment,of €
be conjectu e aberration or change of plhas
in the stars to arise from the progressive mation
d‘lig&tcombmed‘ withth:annualpoﬁmofthe

K
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Earth in its orbit, a conjectyre which all succeed-
ing observations have tended to confirm, and thus,
in the year 1728, was completed a discovery which

. fully demonstrates the motion of the Earth round
the Sun, and confirms, at the same time, .thetruth
of Roemcr’s deduction of the successivédpropa-

tion of .ght from the eclipses of Jupiter’s satel-
tes. y e

Having thus detailed the progress of thi¥im-
portant discovery, 1 shall proceed to explain the
phenomenon itself: — If the eye of a spectator
viewing a star or any other object be at rest, or if
it be in motion, provideﬂ{lhe direction of its motion
be in a straight line either directly towards or
directly from that object, fis apparent plagé will
obviously continue the same, but if the métion of
the eye be in any other direction, andif’fhe motion
of the ligiit emitted by the object bignot instant-
aneous but progressive, the apparent it "of the
object will undergo a change exaetly %}"bport_ioned
to the combination of the motion of t eg‘?e

the nibtion of light. To understand this, let B C,

fig. 27, be a ray of light emitted by a star at B,

and falling perpendiculgrly upon the line A C;

apparent place of the star will contifitie the
same whether the eye be at rest at C, or wiiether
it advance towards or recede from the star in the
direction of the right line B C, which in all these
cases will be the visual line, and this, whether
ight be propagated in time or instantaneously,

If; however, the motion of the eye be in any other

direction, as A C, and light be propagated in time

with @ certain velocity, which, for example,’Tet us
supposedo be in such a ratio to the velocity of the

ﬂ or, which is the same thing, to the velocity of

‘Earth in its orbit, that a particle of light'passés
from B to C, in the same time that e‘i‘arth.
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moves from A to C, that particle of light
which the star is seg:e:vhen rt)he Earth i;l‘l;tl()}{
must have been at B when the Earth was at A,
and by the composition of the two motions, the
mﬁd’;of light will seem to describe the line B A
orv»ngg.instead of its real course BC, and will
appear “in the direction A B or CD instead of its
true, direction C B. Now, let A B represent a
t ried with a parallel motion along the line
AC in a given portion of time; as, for example,
four minutes, and let us suppose that a particle of
light would move through the space B C in the
same time; and, that wheg the tube is in the pc~
sition A B, a particle of Iight enters at B, then,
at thafend of the firs? minute, the tube having
passed over qne-fourth part of the line A C, will
be broughikimto the position a b, while the particle
of light,: % also travelled through one-fourth
of the imed¥€, will be in the axis of the tube at
g; at the end of the second minute the tube will
bedn tbg;jt’ﬁ'ation ¢ d, and the particle of ligh will
arrive at'#, still in the axis of the tube; at thé end.
of the third minute, the tube will have the situation
e./; and the particle of lifhswill arrive at 7; finally,
at the g@pd of the fourth minute, the gu'ticle of
light will arrive at the e]ge or point C, the tube
heing in the situation C D, and consequently the
star which is really at B will appear at D, BCD
or A B C being the quantity of the aberration.

This phenomenon admits of a very familiar

illustmtiq bz supposing a shower of hail gy fall

during a t calm, and consequently quite per-

pendiciidrly. Now, in order that a hailstone may

pass freely through a long tube at rest without

touching either side, it is obvious that the tube

must besheld in a perpendicular direction ; but if

the tube be ‘moved forward while it retains its
co. | ) :
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perpendicular direction, the hailstones which enter
the tube, instead of passing directly through it, will
all strike the hindmost side of the interior of the
tube; in order, therefore, that the hail be
made to pass freely through the tube, it“v‘;lﬁ be
necessary to incline it forwards at such an angle
as may compensate for its motion, and it is-easy to
prove that the de of inclination requisite to be
given to it must depend upon the relative pigpor-
tion of the velocity with which the hail descends,
and that of the motion of the tube; thus, if the
volocity of the hail and of the tube be supposed
equal, the angle of inclination must be exactly
forty-five degrees, but™¥f the velocity of the hail
exceed that of the tube, the inclination of thedatter
must be less, and mice versd.

Now, in applying the foregoing illustration to
the progress of light as compared with the motion
of the Earth in its orbit, it is to be ohserved, that
as the velocity of light is above 10,800 times

r than that of the Earth, the angie of inclin-
w of the tube, in order to allow the: light to
pass through it, can orly be about 20 seconds, and
consequently the aberration of the stars near the

le of the ecliptic, and whose light strikes the
rth almost perpendicularly, ought always to be
about 20 seconds, that is, those stars ought never
to be seen in their true place, but always about
20 séconds of a degree on one side or other of .it;
in other words, they ought to describe a small
circlgeabout their true place, the radius of which is
20 seconds, and this is precisely wmw
fouiid by observation to be the case, ias been
already detailed.
: Sn::;_e tll:e is only those itars whicl; are ncit‘lrhxbe
ecliptic, the direction of whosg'light is
g:yl at right angles to the motion o'f"oxe‘gknh
16 .
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in every part of its orbit, it is obvious from what
has now been said, that it is only in those stars
that the full effect of aberration can be seen.
Those stars which are situated near the ecliptic
will have the motion of the Earth twice in a year,
nearly in the direction of their light for a few days,
and will therefore be subject to no aberration
during those periods : it will also be twice in a year
at ﬁggt angles to their light, but the motion being
in opposite directions, the stars will appear at those
times to be 20 seconds from their true place, but
on opposite sides of it ; at all other times the Earth
moving intermediately between those extremes, the
apparent places of the star¥ will be at intermediate
distances from their teue places, but will never
exceed 20 seconds; hence a- star in the ecliptic
appears to be in a state of oscillation about its true
pﬁw& its distance from which,. however, never ex-
ceeds 20 seconds,. and those stars which are situ~
ated between the ecliptic and its pole, will describe
small ellipses,. the eccentricity of which will vary
according to their latitude. 'y
The places of the plangts are also effected by
the progressive motion of light combined with the
annual .motion of the Eafth, The aberration of
a planet being equal to its geocentric motion,
during the time that light employs in passing from
the planet to the Earth. The aberration of the
Sun is always 20 seconds, which is the space theved
h by the Sun, or rather by the Earth, in
eight minutes and seven seconds, the time that
light takes . igupessing from the Sun to the h;
hence the aberration of the other planets may be
easily ascertained by the following proportion: as
the distance from the Earth to the Sun is to the
distance of the planet, so is 8' 7" to the time ‘of
light’s passing from the planet to the Earth; then
K 6
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the entric motion of the planet in this time
will be its aberration, whether it be in longitude,
latitude, right-ascension, or declination. Tglis will
be greatest in longitude, and being equal to the
planet’s geocentric motion, will, of course, vary
with that motion. It will be least when the planet
is stationary, and greatest in the superior planets
when they are in opposition, but in the inferior,
the aberration is greatest at the time of their supe-
rior conjunction. The aberration of the planets,
therefore, vary in longitude according to their
situations, but that of the Sun is, as before ob-
served, a constant quantity, being always 20 se-
conds ; he may, however, alter his declination, by
a quantity varying from Osto 8 seconds, being the
greatest about the equinoxes, and vanishing in the
solstices. 'The aberration of the planets in latitude
is so trifling, on account of their orbits being very
little inclined to the ecliptic, that it may be safely
neglected. 'Their aberration in right-ascension
aneﬁ declination are more considerable, depending
o their situation in the zodiac.

It has been already. observed that the Earth is
flattened at the poles, and swelled out at the
eqll:ator, whence it assumes the form of an oblute
spheroid. By the joint action of the Sun and
Moon upon the protuberant parts of this spheroid,
or the equatorial regions of the Earth, a pheno-
merfon is producecf called the Precession of the
Equinoxes, being a slow and almost imperceptible
motion, by which the equinoxes change their
places, going backward or westwardon the eclip-
tic cuntrary to the order of the signs. :

In order to understand this phenomenon, it
must be recollected that the equinoctial is a great
circle in the heavens, coinciding with the terrestrial
equator, and inclined 28° 28' w0 the ecliptic. 1f
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therefore, the Earth’s equator constantly retained
the same invariable position, the equinoctial would
likewise constantly pass over the same fixed stars,
and would cut the ecliptic (which is an invariable
circle) in the same points. But it has been ob-
served, that the Sun and Moon acting obliquely
upon the redundant matter at the equator, draw it
continually towards the ecliptic, causing the equi-
noctial points to recede upon that circle at the
rate of about 50} seconds in a year; in conse-

uence of which recession, the longitudes of all
314: stars (their places on the ecliptic being. reck~
oned from the vernal equinox) will increase 50}
seconds every year. This. in one year is but a
very trifling change, but the accumulation of it
after a number of years, becomes too important to
be allowed to pass unnoticed, and it is by this pre-
cession of the equinoxes, as has been observed upon
a former occasion, that the constellations, which, in
the time of Hipparchus, corresponded with those
signs of the ecliptic which bear their name, are
now so far removed from the situation they"then
occupied, that the equinogtial points which in his
time were fixed to the first star of Aries and Libra,
are now carried backwards into Pisces and Virgo.
The equinoctial points make a complete revolution
in something less than 26,000 years, the-poles of
which must consequently describe a circle round
the poles of the ecliptic, whose diameter is about 47
' being equal to twice the inclination of the
ﬂ.w the equator. The annual precession

)éing; as abpve described, about 505 seconds, it is
evident, that if the celestial equator cut the ealiptic
ind icular point, on any day of this or any
mépur, it will, on the same day of the year
1 , cut it in a point 504 seconds to the
west of its former intersection; if, therefore, the
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Sun set out from one of the equinoctial points, he
will arrive at the same equinoctial point again
something before he has performed a complete re-
. volution in the heavens, for the equinoctial point

from which he set out, has, as it were, retreated
504 seconds to meet the Sun: hence the Sun’s
arrival at that point precedes his arrival at the same
fixed spot in the heavens from which he set out
the year before, by 20' 28" of time, or by an arc
of 50} seconds. ’l%\is revolution of the Sun from
one equinox to the same again, is called the Tro-
pical or Solar year, and is that upon which the
seasons depend. The time in which the Sun re-
volves from any fixed star tothe samefixed star again,
is called a Sidereal year, and is the true time in
which he performs a complete revolution in the
heavens: the difference, therefore, between a tro-
pical and sidereal year is 20 minutes 238 seconds,
the former being performed in 865 days, 5 hours,
48 minutes, 49 seconds, and the latter in 365 days,
6 hours, 9 minutes, 12 seconds. All the other
planets will, in like manner, have a solar and side-
real revolution in their respective orbits.

It has been remarked, that the precession of the
equinoxes is caused by the joint action of the Sun
and Moon upon the equatorial regions of our
Earth. In producing th‘:‘swhenomenon, the effect
of the Moon greatly exceeds that of the Sun, for
alth the magnitude of the Sun so far s
that of the Moon, yet, the proximity of thé Jatses
to our own globe more than compensates for
excess of itude in the former, and it is‘found,’
that ef the wﬂole precession, very little mope thar
15 seconds is produced by the attraction Rdigh
Sun, while that of the Moon exceeds 35 séliliielis
there is, however, an inequality in the part of the
precession produced by the action of the Moon,
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caused by the perpetual ehange in the position of
her nodes, and in the inclination of her orbit to
the Earth’s equator. To these causes,. also, is to
be pringipally attributed an apparent motion in the
fixed stars, resulting from the real motion of the
Earth’s axis called its nutation. By this motion
it describes from east to west a small ellipse in the
heavens, whose diameters are 19:1 seoonds, and
14-2 seconds, and its period which corresponds to
that of the revolution of the Moon’s nodes is 18
years. One of the most important effects of this
nutation is the change uced by it, together
with the precession of the equinoxes in the obli-
?:ixy of the ecliptic. This ¢ is computed

r different times of tha year, and set down in the
ephemeris. For the discovery of the nutation of
the Earth’s axis, like that of the aberration of
light, we are indebted to the industry and ingenuity.

Dr. Bradley.

The orbits of all the other planets being inclined
to the Earth’s equator, the action of those bodies
upon the protuberant matter about the equator,
must also have a tendency to diminish the obliquity
of the ecliptic, and also to produce a precession in
the equinoctial points. Their effects, however, are
almost insensible, the diminution of the obliquity
arising from the united action of all the planets not
exoeeging 50 seconds in a century, and the cor~

respénding precession amounts only to about 183
saconds.

P
‘-F-
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LECTURE XIIIL

PHENOMENA CONNECTED WITH THE GLOBE WE
INHABIT, AS VIEWED FROM ITS SURFACE, CON-
CLUDED. ~— OF LATITUDE AND LONGITUDE, ——
HOW TO FIND THE LATITUDE AND LONGITUDE
OF A PLACE.=— MENSURATION AND MAGNITUDE
OF THE EARTH.- OF CLIMATES. — OF ZONES.
== NAMES ASSIGNED TO.’THE INHABITANTS OF
THE EARTH FROM THEIR SHADOWS AND THEIR
DIFFERENT SITUATIONS ON THE GLOBE.

Havixe, in the course of our investigations, be-
come acquainted with the true figure and motions
of the Earth, we may, in the next place, proceed to
enquire in what manner the relative situation of
di&erent places upon «its surface is ascertained;
and the assistance astronomy affords us in deter-
mining this problem, may be considered one of
the most important advantages mankind derive
from the <cultivation of this useful and interesting
science. o
In® determining the situation of any particalar
place, it became necessary, in the first instance, t0
have some fixed points of reference from which jty.
distance was to be reckoned, and the equator, '
part of which is just 90° from each of the pelés,
seems to have been selected by common ’
for ;this purpose, the meridional distance of
place from this circle being called its latitude; but
the choice of a first meridian, or that from which
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the distance of the place in a contrary direction
(commonly called its longitude) was'to be reckoned,
appears to have becn a matter not so easily de-
cided, no place having been found whose natural
claims to this distinction, were sufficiently powerful
to obtain the universal suffrage of all nations in its
favour. Most of the ancient Greek geographers
made the first meridian to pass through Hera or
Junonia, one of the Fortunate Islands, as they
were then called, which is supposed to be the pre-
sent island of Tencriffe, one of the Canaries, from
which the longitude was reckoned eastwards : west~
ern longitude being totally disregarded, if not
wholly unknown before the discovery of America,
Some have reckoned th&r longitude from the me-
ridian passing through St. Nicholas, one of the
Cape Verd islands. “Others have made choice of
the meridian passing through the island of Corvo,
the most northerly of the Azores, because the
magnetic needle at that time was there found to
point due north; and as the variation of the needle,
being itself subject to a variation, was not then
known, this was thought t8 be a sufficient reason
for the preference. The meridian of Ferro, one
of the most westerly of the Canaries, seems, how-
ever, to have been more generally adopted, but
the method usually practised by modern ‘geogra-
phers, is to assume the meridian of the capital
city, or principal observatory of their own nation,
as a first meridian, and thence to reckon the lon-
itudes of all other places on the globe, or their
gistanca east or west, from that meridian. T.hus,
the English reckon their longitude from the me-
ridian of Greenwich ; the French from that of
Paris, and so of the rest. H
When we speak of the latitude® and longi-

' From latitudo, breadth,
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tude' of any place, we commonly mean no more than
to express the distance of that place, considered sim-
ply as a point on the Earth’s surface, from the
equator, and from the first meridian ; this. is, theze~
fore, an evident solecism, since a point can have
neither breadth nor length, which is the true
meaning of these words. A single instance will
suffice to show that this method of expressing the
situation of places, involves a misapplication of
terms, which long usage, though it may induce us
to tolerate, can never justify. We commonly say
the latitude of London is 513° and its longitude
0, which is neither more nor less than asserting
if these words be allowed their true meaning) that

ndon is 3090 rapuical miles in breadth,
without any such thing as length, where the ab-
surdity of reducing London to a mathematical line
is considerably heightened by denying to that line
the dimension of length, which, in fact, constitutes
its very essence ; thereby leaving us room to prove,
without any great exertion of our logical powers,
that London is either a square, the side of which
is 8090 geographical -miles, or a mere physical
point, without extension of any kind. The
misapplication of these words by modern writers
requires more particularly to be pointed out, since
they fretjuently occur among old geographers in
their proper sense ; thus, when they speak of the
londitude and' latityde of any country, &c. they
commonly mean the actual length and breadth of
that country or place, and it seems highly probable
that these terms were originally applied to the

i
! From longitudo, length. Wef&lvehad frequent ocossion
to, use these words, but their derivation was purposely delayed
to this place, where it so immediately concerns the subject
about to be discussed.
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Earth itself, rather than to any particular place or
places on its surface; for the meridional distance of
nnf place being measured on a semicircle, extending
only from pole to pole, this might very properly be .
termed the latitude or breadth of the qlobe, while
the line, measuring the extent of the globe in the
contrary direction, being a whole uninterrupted
circle, would be very naturally denominated its
longitude or length. Some, indeed, account for
the introduction of these words by supposing that
a greater portion of the Earth being known to the
ancients eastward and westward, than towards the
{;oles, they called the former its length, and the

tter its breadth. However this may be, the pre-.
sent misapplication of these words cannot fail to
be a matter of regret; yet, as some respect is due
to & long established custom (however erroneous),
1 shall content myself with having pointed out the
different senses of these two words, and distin~
guished the true from the false, concluding my
observations upon this subject in the words of
Varenius “In my judgment, it were better not to
& ?e the words ﬁt.itude and longitude, but only
¢ distance from the equator, and from the first
‘ meridian : but being so long used, they cannot
% now be abolished, and  we shall use them here«
¢ after in this sense.”! '

‘Having shown from what points the distnnﬁ of
places upon the Earth’s syrface, commonly called:
their latitudes and longitudes, are reckoned, I shall
proceed to explain the manner in which these par-
ticulars may be ascertained,

The latitude of any place may be found either
by night or by day,ﬂhout much difficulty in the
former case, by taking the altitude of the pole-sthr;.

1 Varen, Geog. Vol. ii. p. 671,
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and in the latter, by observing the meridian alti-
tude of the Sun. It Las been already remarked,
that an observer any where on the equator will
have both the celestial poles in his horizen, and
that to an obscrver at either of the poles of the
Earth, the poles of the world are in his zenith and
nadir.! At the equator, therefore, the pole-star
has no altitude, but as we travel from the equator
northwards, this star appears to ascend above the
horizon, ani gradually rises higher and higher
the nearer we approach the pole, where its altitude
would be 90° and consequently, the height of the
pole star increasing with the distance of the spec-
tator from the equator, becomes a measure of that
distance, or of the latitude of the place. This will
be understood from fig. 28, in which, let 2z on
represent the Earth, z s its axis, e ¢ the equator,
z the place of the observer, and o » the elevation
of the pole ; also let H Z O be an arc of the hea-
vens, Z the zenith of the place z, E the celestial
equator, H % 0 O the horizon, N the pole-star,
and N O its altitude or height above the horizon,
coinciding with 7 o the'elevation of the pole. Now
Z O, the distance from the zenith to the horizon,
or the corresponding arc z o of the terrestrial me-
ridian, is 90°; E N, the distance of the equinoc-
tial from the pole-star, or its corresponding arc e n,
is 90°; and Z N or 2z n is common to these
two equal quantities, and may, therefore, be taken
from both, and the remainders E Z and NO or
ez and 7 o will be equal: but e z is the distance
of the observer from the equator, and 5 o is the
elevation of the pole with whigh N O, the altitude
of the pole-star, correspondi§sherefore, the eleva-
tign of the pole, or the altitude of the pole-star, is

- 18eg Lect. vii, p. 114, 115
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equal to the latitude of the place. We have, in
this example, considered the pole-star as situated
exactly in the pole of the heavens; as, however,
this is not the case, we may obtain the height of
the true pole by measuring the altitude of any
other circumpolar star, more distant from the pole
at its greatest and least elevation, or when it
passes the meridian above and below the pole, half
the sum of these two altitudes, corrected by refrac-
tion, will be the true height of the pole, or the
latitude of the place. Thus, if @ O be the altitude
of the circumpolar star when above the pole, and
b O its altitude when on the meridian below the
pole, then N O, the trye altitude of the pole, is
obviously an arithmetical mean between these two
altitudes. '

The method of finding the latitude by the me-
ridian altitude of the Sun is very simple, and being
upon the whole less liable to error than the fore-
going, is more frequently resorted to. It is to be
observed, that the altitude of the pole, the distance
of the pole from the equator, and the height of the

uator together, make two’right angles, or 180°.
The distance of the pole from the equator is always
one right angle, or 90° and conscquently the dis-
tance of the pole from the horizon, and thg height
of the equator, must together make up the other
right angle, or 90°, being mutually the complemgnts
of each other. But the altitude of the pole we
have seen is always equal to the latitude of the
place, and therefore if we can find the height of
the equator by taking this from 90°, we shall pb-
tain the latitude of B&)Iace. Now the height of
the equator may b rtained by observiry the
meridian altitude of the Sun on an day, and sub.
tracting from it the Sun’s declination for that day,
if the Sun be north of the equator, or adding to it
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the Sun’s declination, if he be south of it. The
difference or sum of these numbers will be the
height of the equator or colatitude of the place.
The latitude of a place may, in like manner, be ob-
tained by taking the meridian altitude of any of
the planets or fixed stars whose declinations are
known, allowance being made for refraction and
parallax when the meridian altitude of a planet is
made use of, and for refraction when that of the
fixed stars is employed.

In describing the methods employed for ascer-
taining the longitude, it will be necessary to recur
to a few circumstances which have been already
-gakdis notice of.! It has heen observed, that the
time which elapses be(:ween the arrival of the Sun
at any particular meridian, and his next subsequent
arrivzl at the same meridian, is called a :z:]tural
day, and is, in fact, the time in which, by the rota-
tion of the Earth from west to east on its axis, any
particular meridian is carried round from the
Sun to the Sun again; now, since this revo-
lution is performed in twenty-four hours, and the
equator is divided into 360%%# is obvious that
there must be a revolution 8° of the equator
in one hour of time, and that these two correspond
to each .other; consequently, when it is 12 o’clock
at any particular place, it will be 1 o’clock at all
plases 15° eastward of it, and 11 o’clock at all
places 15° west of it, the time at any place being
determined by the Sun’s arrival at the meridian of
that place ; and as the Sun’s apparent diurnal revo-
luticn is performed frem east to west, all places
lying to the east, will have gheir day farther ad-
vanced, or the hour will r, while all places
which lie to the west, will have their day less ad-

' See Lecture viii. p. 123.



- LEQTURE XIIL 215

vanced, and the hour shown by their clocks will of
course be earlier. If, therefore, the difference of
time between any two places be found, their dif-
ference of longitude may be ascertained by merely
converting this difference of time into

minutes, gc. allowing 15° of longitude to one hour
of time, one degree to four minutes of time, and
so on. Now, since the English g phers
reckon their longitude from the meridian of Green-
wich, if a chronometer be well regulated and -set
to the time at Greenwich, it will show the Green-
wich time in all places to which it is carried; and
the time at any distant place of which the longitude
is sought, may be found Jyy observing the timg of
the Sun’s passing the meridian, to which the equa-
tion of time being applied, will give 12 o’clock or
noon at that place; the difference between this
and the time shown by the chronometer, converted
into degrees, &c. will give the longitude of the
place from Greenwich. Thus, if at some place,
the longitude of which 1 wish to discover, I observe
the time of the Sun’s passing the meridian, and
find by the chrong r that at the same instant
it is no more thanm; “quarters past eight in the
morning at Greenwich, this difference of time be-
tween these two places, viz.three hours and fifteen
minutes being converted into d &c. gives
48 degrees 45 minutes for the longitude of ghe
place, which is east, because the time is forwarder
or lateiythan that of Greenwich. Now this method
is obviously the most simple, and would be the
most correct, which could be employed for deser-
mining the longitudeﬂvided that a chronemeter
could be made whi ight be depended upon
under every change of climate ; this, however, hds
been found impracticable, and although much has
been done towards accomplishing this desirable
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,pbje%, Ket no chronometer has hitherto been
made, which, even in the same place, will always
g) quite correctly. To remedy, as far as possible,

e errors to which a chronometer is liable, its
mean rate of going is usually determined by ob-
serving, for some time before it is sent out, its daily

or gain, and taking a mean of these observ-
ations; but as the rate of going of a watch, how-
ever correctly made, is apt to vary from the differ-
ence of temperature of different climates, &c. other
methods have been resorted to for ascertaining the
difference of time at any two places.

These methods are purely astronomical, and
gemd upon having the exact times of certain
celétial phenomena, calchlated for any particular
meridian, and set down in an almanac or ephe-
meris adapted to that meridian, so that if when
any of these phenomena are obscrved in any dis-
tant place, the time at that place be known, the
difference between this time.gnd that at which the
same phenomenon was calculated to take place,
and set down in the almanac, will also be known,
and consequently the longitude may be readilys.
found. Thus the Nautical Almanac which is pub-
lished several years in advance, for the advantage
of ships going long voyages, contains for every day
the computed times of all the most remarkable
celestial phenomena, adapted to the meridian of
the royal observatory at Greenwich. -

The phenomena proper for determining the lon-

itude are the eclipses of Jupiter’s satellites; the
eclipses of the Moon, the Moon’s place in the
zodjx)ac, and the Moon’s distances from the Sun or
certain fixed stars, whiCh,%bm their use in deter-
nfining the longitude at sed, are sometimes called
nautical stars. Each of these methods is, how-
ever, liable to peculiar objections. .
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The phenomena of Jupiter’s satellites ‘re ﬁ‘
some respects preferable to those of the Moon for
finding the longitude, being less liable to paral-
laxes, and affording a very commodious observation
whenever the planet is above the horizon, but being
invisible to the naked eye, they must always be
observed by the assistance of a telescope, the use
of which is very difficult at sea, when accurate ob-
servations are required.

Eclipses of the Moon occur too seldom to be of
much general use in ascertaining the longitude, and
as the beginning or end of an eclipse of the Moon
cannot usually be determined nearer than one, and
sometimes two or three pinutes of time, thegon-
gitude cannot be obtained by this method to any
very great degree of accuracy.

he Moon’s place in the zodiac, although a
phenomenon more frequently to be observed than
her eclipses, yet, by reason of two parallaxes, the
calculus is rendered Wo perplexed and intricate to
be generally practicable. ;

he Moon’s distance from the Sun and from
certain fixed stars are phenomena which by the
frequency of their occurrence, seem to be better
calculated for this purpose than any other, since
the longitude of a ship may be thertby Gaterfthed
at almost any time. 'The chief error to which this
method of ascertaining the longitude is lable} amises
from inaccuracy in taking the angles?ihe best way,
therefore, is to make several observations upo'n
different stars, by which means the errors in a
certain degree correct one another. .

Having seen in what manner the latitudes and
longitudes of places Fay: be found, and consg-
quaigly their particular situations and relative po-
sitiofis.-apon the surface of the Earth ascertained ;
our next enquiries will naturally be directed to the

. L



218 LECTURES ON AS‘I"RONOUY .

#anner in which the magnitude of the Earth may
be determined. This 1s & problem’ which has
engaged the attention of astronomers and mathe-
maticians ever since the sphericity of the Earth
was discovered.  Anaximander, a disciple of
Thales, who lived about 550 years before Christ, is
mentioned by Diogenes Laertius as the first among
the Greeks who gave an account of the circam-
ference of the Earth, and his measure appears to
havebeen adopted by succeeding mathematicians till
the time of Lratosthenes; and it is generally sup-
posed that it is tp this measure that Aristotle
alludes at the end df lib. 2, DDe Caclo, when he says,
that mathematicians who_ have attempted to mea-
sure the circuit of the Earth, make it four hundred
thousand stadia. Of the method employed by
Anaximander no account has reached us, but with
rd to that of Eratosthenes, who lived about
two hundred years before Christ, we are better
informed. He had observed that the bottom of a
deep well, at Syene, a town of Egypt, situated on
the right bank of the Nile, under the tropic of
Cancer, was completely enlightened by the rays of
the Sun when on the meridian of that place, on
the day .of;the summer solstice, and on the same
day; ywand the zenith distance of the Sun at
Alexandfa ¢which he supposed to be on the same
meridian) to be 7° 12!, or a 50th part of the cir-
cumference $fa great circle in the heavens, 'Con-
cluding, therefore, the distance between Alexan-
dria and Syene to be a 50th part of a great circle
upon the Earth, and having computed this distance
to be 5000 stadia, be, from these data, determined
the whole circumference of the Earth to be 250,000
8! e
Posidonius, who was contemporary with: Pom-
pey the Great, endeavoured to measure-th cir-
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cumference of the Earth by observations upon
Canopus, a bright star in the constellation Ar,
Navis, He was aware that this star, when on the
meridian, was but just visible in the horizon of
Rhodes, while its meridian altitude at Alexandria
was 7° 80, which is exactly one-48th part of
360° or a great circle in the heavens. The dis-
tance between these two places he computed to be
5000 stadia, which, multiplicd by 48, gives 240,000
stadia, which, as Cleomedes tells us, Posidonius
found to be the circumference of the Earth. From
this account of Cleomedes, Strabo, however, differs,
and asserts the circumferenc® of the Earth, as
found by Posidonius, to,be 180,000 stadia. The
cause of this difference may be very easily ex-
plained : the distance between Rhodes and Alex-
andria had been measured by Eratosthenes, who
found it to be but 3750 stadia; Strabo, therefore,
making usc of this measure and the number of
degrees assigned by Posidonius, gives 1£0,000
stadia for the whole circumference of the Earth,
according to the latter author.

Ptolemy, about the 144tlf year of the Christian
zera, following Marinus, a celebrated, geographer
of Tyre, to whose writings he seems’to have been
under con;s‘iderable obligations, makes 4gse, of 4his
measure of 180,000 stadia in his riiphy, and
asserts it to be more correct than ﬁfﬂogb ﬁn‘osc
thenés, which, notwithstanding, apfears to have
been more generally received before his time.
Hence it is that this measure is, by Theon and
others, ascribed to Ptolemy himself.

Our uncertainty relative to ghe precise value of
the ancient stadium, prevents us from forming
corvect opinion respecting the measures of tbaelx

r.mathematicians. I shall, therefore, proceed
to spéak of the more improved method by which:
L2
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later astronémers have undertaken the solution of
this important problem. This method consists in
measuring the length of a degree of the terrestrial
meridian, To perform this, two places are fixed
upon nearly north and south from each other,
and from that place at which the reckoning
is to commence, the distance to some other con-
venient place is accurately measured in toises,
fathoms, &c.; and this line is taken for the base of
a triangle which becomes the first of a series of
triangles, by means of which the distance between
the two given plaggs is to be measured. From
each end of this base, the angle formed by some
other place is taken, and these three points being
now connected by lines, the first triangle is com-
pleted. The length of the base and the angle at
each extremity of it being known, the length of the
other two sides and the remaining angle are easily
ascertained by trigonometry. One of the known
sides of this triangle is made the base of a second
triangle, the sides and angles of which are deter-
mined in a similar manner, and thus a series of
triangles, all of which are connected at their base, is
formed, and carried on to the other place chosen, and
in this manner the direct distance between the two
laces is accurately ascertained, and by taking the
azimuth of the sides at the points where this series
of «riangles begins and ends, the situation of one
place with regard to the meridian of the other may
be found. Snellius, professor of mathematics at
Leyden, was the first who attempted this method
of determining the circumference of the Earth,
about the year 16#7, by measuring the distance
etween Alcmaer and Bergen-op-zoom, and taking
the elevation of the pole at these two stations:- By
this measurement he found the length of- a'd
"to be 28,500 perches (each containing 12 Rhind-
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land feet) or 19 Dutch miles; hence the whole
periphery of the Earth is 6840 miles; a mile, ac-
cording to him, containing 1500 perches, or 18,000
Rhindland feet.

Mr. Richard Norwood was the first among the
English astronomers who endeavoured to ascertain
the dimensions of the Earth, by measuring a
degree of the meridian, and his efforts were more
successful than those of any of his predecessors.
His mode of estimating the length of a degree (the
full particulars of which are given in his ¢ Seaman’s
Practice,”) was as follows: In the year 1635, he
took the Sun’s meridian altitu#e at London, on the
day of the summer sqlstice, and repeated this
observation at York on’ the same day of the fol-
lowing year, by which means he found the distance
of latitude of these two places to be 2° 28'. He
also measured with a chain the exact distance be-
tween London and York, making due allowances
for the windings of the road, inequalities of sur-
face, &c., and reduced this distance to an arc of
the meridian, which he found to contain 12,849
chains, and by comparing this length with the
difference of latitude between London and York,
he found a degree contained 5209 chains, or
about 57,424 toises, equal to 694 English miles
and 14 poles, whence%e concluded the” circum-
ference of the Earth to be 25,086 miles, ang its
diameter 7966. This measure, in consequence of
his inaccurate method of determining the distance
between the two places, has been since proved to
exceed the truth, .

The importance of obtaining an accurate mea-
sure of & oe*gree of the meridian induced the Roysl.
Academy of Sciences at Paris, in the year 16&9,
to employ Picard for this purpose ; and he appears,
to bave been the first who brought the trigonome-.

L3
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trical method of operation to any very great degree
of perfection. By means of a series of triangles,
the sides and angles of which were calculatecf by
trigonometry, he found a degree of the meridian
between Paris and Amiens to amount to 57,060
toises, or 694 English miles, and consequently the
circumference of the Earth to be 25,020 miles,
and its diameter 7960. .

This measure of Picard was afterwards con-
tinved to Dunkirk by La Hire, and from Paris to
Perpignon by Cassini the younger, who having thus
obtained the measure of an arc of the terrestrial me-
ridian of several degrees, was enabled to calculate
the length of each degree comprehended by that arc,
and by a comparison of those degrees among
themselves, he found, as he supposed, that the
length of a degree increases as we approach the
equator, and diminishes as we recede from it by
almost an 800th part, and consequently that the
Earth was a prolate spheroid, flattened at the
equator, and swelled out at the poles. This in-
ference, so diametrically opposite to that which
had previously been deduced from the known laws
of gravitation, naturally excited the attention of
philosophers, and ultimately induced the French
Academy of Sciences, sanctioned by Louis XV.,
to dispatch some of its members to the polar, and
others to the equatorial regions, in order effectually
to decide this question by measuring two degrees,
so remote from each other that the probable errors
in taking the angles should be of little or no im-
portance compared with the inequality which it
was expected would be found in the length of the

themselves. Accordingly, in 1783, two
panies of mathematicians were sent out, the
one on a horthern, and the other on a southern

cxpegmon ‘
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Messieurs Maupertuis, Clairaut, Camus, Mon~
mer, and QOutheir, who were sent to the north,
reached Torneo in Sweden, at the northern extre-
mity of the Gulph of Bothnia, and began their
operations, assisted by M. Celsus, an eminent
astronomer of Sweden, in July 1786, and after
suffering severely from cold, and overcoming many
obstacles, they succeeded by the end of May follow-
ing, in measuring between Torneo and Kittis, that
degree whose middle point is 66° 20’ north, and
found it to contain 57,422 toises, being about 362
more than a degree in France.

Messieurs Godin, Bouguer§ and Condamin, of
Irance, who, together with Don Jorge Juan, and
Don Antonio dedUllod, of Spain, undertook the
southern expedition, arrived safely in Reru, and be-
gan their operations in the province of Quitoabout
Qctober 1736 ; but owing to the almost insurmount-
able difficulties they had to contend with, and the
extreme severity of the cold, from which, though so
near the equator, they suffered much more than
their associates in the polar regions, they did not
finish them until the year®1741, when they suc-
ceeded, after many interruptions, in completing
the measure of a degree near Quito, on the Andes,
within about 18’ of the equator, and found it con-
tained 56,750 toises, falling short of the fength .of
a degree in France about 810 toises. By gom-
paring the results of these operations, which were

med with every possible degree of accuracy,
it obviously appears that a degree is longer near
the poles near the equator; and the iﬁlo ing
measurements of a degree in various parts of the
Earth between these extremes, have tended to
confirm the fact. »

In 1740, Messieurs Cassini and La*Caillg, re-
vising the former measures in France, found a

L4
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degree whose middle point is in latitude 49°22'
north, contained 57,074 toises, and in the latitude
of 45° north, it contained 57,057 toises. M. La
Caille, in 1752, found the length of a degree near
the Cape of Good Hope, in latitude 33° 18' 30"
south, to be 57,037 toises. In 1755, Father
Boscovich found the length of a degree between
Rome and Rimini in Italy, in latitude 48° north,
to be about 56,972 toises ; and in 1766, a portion
of the meridian in Maryland and Pennsylvania,
North America, was measured by Messieurs Mason
and Dixon, who give for the length of a degree,
the middle point of which is 89° 12' north,
56,904} toises. A degreg was also measured in
India by Major Lambton, and‘@other in England
by Colonels Mudge, the former amounting to
56,755 toises, and the latter to 57,07+.

From this statement, and from many other in-
stances which might be quoted, it appears that the
length of a degree gradually increases from the
equator to the poles; the obvious inference to be
drawn from which is, that the Earth is an oblate
spheroid, having its greatest axis in the plane of
the equator, an inference which we have already
seen had been previously deduced by Newton, from
the influence of gravity and the action of a centri-
fugal force.

Awmidst such a variety of results relative to the
actual magnitude of the Earth, it is not surprising
that a great difference of opinion still prevails
respecting it; taking, however, a mean of a great

measurements, the following dimensions may
be considered as near the truth:

“The circumference - .- - 25,000 miles.
The dfimeter - - - - - 7,957% miles.
The su]perﬁcies - - 198,944,206 miles.
The sol idity - - 263,980,000,000 miles.
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The circles arallel to the equator, commonly
called the parallels of latitude, evidently decrease
in magnitude as they approach the poles. Since,
therefore, all circles are supposed to be divided .
inte 860 equal parts called degrees, and since
similar parts of different circles are in the same
ratio to each other as the whole circles are, it fol-
lows, that the length of a degree in any parallel is
as much less than the length of a degree ou the
equator as that parallel is less than the equator:
thus, if the circumference of any parallel be equal
to one-fourth of the circumference of the equator,
a degree in that parallel will be only one-fourth
part of the length of a degree on the equator, and
so on.! Tables gpntainig the length of a degree
of longitude in efery degree of latitude, are to be
met with in most treatises on geography and
astronomy.

From the difference observed in the length of
the longest day in different parts of the Earth, the
rising and setting of the Sun, and various other
phenomena already explained, the ancient geo-
graphers divided the surfgce of this globe into
certain tracts or portions, to which they gave the
names of Climates %, and instead of descrig?ng the

' The length of a degree in any parallel may be found by
the following proportion, viz.: As radius is to the cosine of
the latitude, so is the number of feet, yards, miles, 8cyin 2
degree of the equator, to the number of feet, yards, miles,

&c. Wof that parallel. This supposes the Earth to

be a iy )

2 - #Alua, that which bends or inclines; because
from the equator to the poles a gradual change takes &hee
in the inclination or obliquity of the sphere. Some authors
suppose that the climates were so called because they decline
in order from the equator, and incline towards the poles; and
others, that this name was given them on account of the 31‘-
ference in the length of the days being occasiched Ly’ the
inclination of the ’s axis to the plane of its orbit.

L b
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situation of any particular place by its latitude and
longitude, their method was merely to state in
what climate the place under consideration was
situated.

A climate is a space upon the Earth’s suMace
contained between two parallels, whose distance
from each other is such, that the length of the
longest day in one parnllel exceeds that of the
longest day in the other by half an hour. This
meﬁneod of dividing the surface of the Earth, though
now comparatively but little used, is still adopted
by some modern geographers, who, however, differ
considerably from the ancients in the number of
climates, and in the place from which they begin
to reckon them. The "uncieggs, whose scanty
knowledge of geography led them to conclude
that but a small portion of the Earth was inhabited,
divided only those parts into climates with which
they were acquainted, and in the room of begin-
ning their reckoning at the equator, they com-
menced with that parallel in which the length of
the longest day is twelve hours and three quarters,
and thence counted their climates (which were
originally only seven in number) northwards.
Each climate was named from some remarkable

ace which was supposed to be situated in the
middle of it, or rather upon a parallel which passed
thro.ygh,the climate, in such a manner, that the
longest day in that parallel differs a quarter of an
hour from the longest day in either o? e extreme
parallels that bound the climate. It ‘4" us,
therefore, that this parallel must divide the climate
into'two unequal parts, because the farther we go
from the equator, the less increase of latitude will
be’ required in order to increase the length of the
longept day a quarter of an hour. The number of
southern climates was soon after made to cor-

19
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respond to that of .tlne northern ones, and as no
places were then known after which these climates
could properly be named, each southern climate
was called af’t'er its corresponding northern one.
Thus the first of the northern climates being
named Meroe, from a city in Africa, surrounded
by the Nile; the first southern climate was deno-
minated the climate against or opposite to Meroe,
and so of the rest. As more of the inhabited parts
of the Globe became known, the number of cli-
mates was increased, until at length the whole
surface of the Earth from the equator to the poles
became divided into climates, in the manner we
now have them ; for the modern geographers begin
their climates at, the «tuator, reckoning them by
the increase of“Walf an hour in the length of the
day from the cquator to the polar circles, where
the longest day is twenty-four hours.. Fron the
polar circles towards the poles, some geographers
count the climates by the increase of a natural day,
in the length of time that the Sun continues above
the horizon, till they coine to a parallel within each
of those circles where thg longest day is equal in
length to fiftecn natural days, or half a month.
From this parallel to the pole, they reckon by the
increase of half months or whole months, the
climates efding at the poles, where the «days are
six months long. The method, however, usually
adopted in thg present day is, to reckon siw cli-
inoviusing by months, from each polar

i mefiective pole, which, together with
the twenty-fourclimates contained between- each
polar circle and the equator, make thirty climates
in the northern, and. as many in the southern he-
misphere, and consequently sixty climates in all ;,
of which those between the equator and polar cir-

L6 I
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cles are called hour-climates, a'nd those between the
polar circles and the pole, month-climates.
Another very ancient division of the Earth’s
. surface prom to be mentioned in this place is into
zones ' or belts. These are five in number, viz.
one torrid®, two temperate, and two frigid > zones.
The torrid zone is that portion of the lgrthfs sur-
face which lies between the tropics, comprehenging
a space of about 47° of latitude, and is divided
mto two equal parts by the equa?r. The two
temperate zones lie between the polar circles and
the tropics, and contain each a space of about 43°
of latitude. The frigid zones are those circum-
polar regions comprehended by the polar circles.
The torrid zone was tHoughtiby most of the
ancients to be uninhabitable, T reason of the
intense heat which they thought must prevail in
those regions, to some part of which the Sun was
constantly vertical ; it is, however, now well known
that many parts of it are inhabited, and that there
is, perhaps, no part of it totally uninhabitable,on
this account, the heat of a vertical Sun being
usually tempered by cuoling breezes and refresh-
ing showers. With respect to the frigid zonesy
none of the southern and only part of the northern

is supposed to be inhabited.

To the inhabitants of the several zdnes, certain
terms have been applied by the ancient hers,
aristhg from the difference in the k an i-
tions of the shadows of terrestriak tilfects in those

different parts of the Earth. 3"

Those who live within the tropics, having the
Surf*'sometimes to the north and sometimes to the
south of them, are called Amphiscii 4, becatise by

m tdvy, a girdle. ¢ From torridus, hot.
m_frigidus, cold.
4, From &ug, both ; and onia, a shadow.
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this changé in the rélative position of the Sun a
corT! ing change is produced in the direction
of their noon-day shadows, which must at some
seasons of the year (namely, when the Sun is to
the north of them) be projected towards the south ;
and at others (namely, when the Sun is to the
south) be projected towards the north. Those who
inhapit the temperate and frigid zones, that is, all
those who liveé without theitropics, have their me-
ridian shadowy, always directed the same way, and
are called i1 }; because the inhabitants of
the northern.zones have their shadows at noon
always pointing due north, while those who reside
in thesouthern zones have theirs constantly directed
to the south," ose « Meteroscii, however, who
live so far distani®rom the equator, that the days
when at the longest- are equal to or exceed in
length a whole natural day, or twenty-four hours,
are during that time called Periscii’, because by
the revolution of the Sun above their horizon (or
rather by the rotation of the Earth on its axis)
their shadows, in the course of twenty-four hours,
are carried completely roynd them. When the
Sun at noon is vertical to any place, the inhabit-
ants of that place were by the ancients termed
Ascii®, that is, shadowless, because the shadow of a
man or any hpright object, when the Sun ds in the
zenith, falls directlyon theplace upon which the man
or. -other object stands. Hence those who®live
undér the tropics are sometimes called Ascij-Hete-
roscil, because wm the Sun tei; in e:}t‘her of the
tropics,, .upright ies, situated on that parallel
to: which. el?s then vertical, d[;roject no shaddw ;
hut when the declination of the Sun decreases, a

1+ From ¥repos, another ; and oxfa.
2 From wepl, about ; and oxla.
3 From &, not; and oxla.
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noon-day shadow is projecmi, but always in one
direction. For a similar reason, the inhabitants of
the torrid zone, or those who reside between the
troyics, are sometimes denominated Ascii-Am-
phiscii, for the Sun will be twice in the yearin the
zenith of any Elace within that zone, and so there
will be no shadow of uprif;ht objects, but at

all other times a shadow will be projested; ghich
will sometimes point t the north, “and at others
to the south. L TS
Names have also be%lf' )%Bn»thc inha-
bitants of the different paxts of the Earth, from
their meridians, the els of Intitude under

which they live, and their situation with regard to
one another. If two pldces were & situated, that
on account of their proximity t8each other there
was no observable difference between their re-
spective horizons, the inhabitants of those places
were by the ancient geographers denominated
Synceci.! These having the same horizon, must
evidently have the scasons of the year and the
length of the days and nights altke; and at the
same time. The term Periceci? wag: applied to
those persons who lived under the :zne parallel,
but in distant parts of that parallel; these being
on the same side of the equator, and at equal dis-
tances from it, have tl(nle scxl:sons] of fhe yeh) anb::
the length of days and nights the samg but t

hodrs ogfd:he day)diﬂ'er in p%oportion m st

of their meridians from each other. By
modern writers, those only are called I'ericeci who
live in opposite points of the same pargllel, and
where, consequently, when it is noon to.the ope,
it is midnight to the other. « When two plices lie
ugﬁmllels equally distant from, but on con-

o 'rom o, with ; and olxéw, to dwell.
Y om weol. about : and olicde.
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trary sides of the e‘quator, the inhabitants were
called Antceci'. These have a similar increase of
days and nights, and similar seasons, but in oppo-
site months of the year. This appellation is, how-
ever, ienerally restrained by mo‘x’.m geographers
to such as live under the same geographical me-
ridian, and therefore have the day or night at the
same times é two places are in opposite hemi-
spheres, bat¥n pitallels equally distant from the

uatory e ¢ “ site meridians,
e il el Apode ~ Thos
who are Asiti have a like :elevation of the
pole, but of different poles; they have also like
days and gights, and similar seasons of the year,
but they have ggosite' hours of the day and
night, and"their s€asons happen in opposite months
of the year. They have a common horizon, but
the 8un, Moon, and Stars, rise to the one when
they set to the other, and those stars which
are in the circle of perpetual ai)parition of the one,
are in the circle of perpetual occultation of the
other. '

In the survey'we have ngw taken of the pheno-
mena immediately connected with the Earth, no
mention® has been made of the tides, which being
principally produced by the action of the Moon
upon the waters of this terraqueous Globe, cannot
be thorog understood without some previous
..W]ed‘g'e,bf the lunar motions, and are, tifere-
ﬁwé,} xwv'ed for future discussion. .

- "‘{‘-"A";fwf

\:}. From dwrl, against; and olxéw.

a;;‘l;rbm ‘g&:ﬂ, and wddes, the fect.

-
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4. LECTURE XIV.

PHENOMENA OF THE SUPERIOR PLANETS AS SEEN
FROM THE EARTH.— PHENOMENA QF THE SE-
CONDARY PLANETS AS SEEN ¥ROM THE EARTH.
— OF THE MOON.—HBR" PHASES DESCRIBED.
— OF THE LUNAR INEQUALITIES. — OF HER
ROTATION OM+HER AXIS. — OF HER LIBRATION.
~—OF THE HARVEST MOON. — OF THE HORIZON-
TAL MOON.

Ass the orbits of the superior planets éomprehend

the orbit of the Earth, these bodies may be seen

in opposition to the Sun, and at all possible angu-
lar distances from him ; they may also be in supe-
rior conjunction with that luminary, but they can
never be in inferior conjunction, and consequently
can never have their dark side wholly turned to-
wards the Earth like the inferior planets, or like
the Moon when new. They do not, however,
always appear to move from west to east, according
to the order of the signs, as they would be seen to
do if viewed from the Sun, but like Mercury and
Venus, they are sometimes direct, sometimes re«
tro%-:ule, and sometimes stationary. L
e motion of a superior planet is diréet,
when, after being in conjunction with i
is seen to the west of that luminary, risi
hi in the morning; its motion is also-swifti
this time, but as the apparent motion of the Siin
fmore rapid than that of the planet, the latter
to recede from him, and continues so

to?h velocity of its motion gradually dimi-

£
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.
nishing till, after a certainjnterval, it appears for a
few days stationary ; after which its motion becomes
retrograde, and its velocity now gradually increas-
ing while the Sun is nioving in a contrary direc-
tion, the angular distance between thesettio bodies
is rapidly angmented, and continues to increase,
together. with the retrograde motion of the planet,
till the latter is in opposition to the Sun. After
~departing from the opposition, the planet is seen
to the east of the Sun, setting after him in the
evening, its retrograde motion still continues, and
now tends to diminish the distance between the
Sun and planet, the retrograde motion of which,
however, now gradually Qecomes less and less, till
at length it altogether ® vanishes, and the planét
agnin becomes stationary. After remaining sta-
tionary for a few days, it resumes its direct motion,
which has a tendency to increase the angular dis-
tance between it and the Sun; the latter, however,
by the greater rapidity of his apparent motion,
gains upon the planet, which, consequently, appears
o approach the Sun, till it is a second time in
conjunction with that luntinary, after which it
emerges from his beams and reappears in the
morning as at the first.

These phenomena being common to all the su-
perior planets,” may be illustrated in the® case of
any one of them. I shall, therefore, make choice of

ars, the nearest of these bodies to the Earth, for
this purpose, and, by means of a diagram, endea-
vour to give a clear elucidation of the whole of the
foregoing particulars. As, however, those planets
which are nearer to the Sun move faster in tReir
respective orbits, and have, besides, muclF Jess
space to pass throngh in going round thatf{}
ary than those which are more remote
it is obvious, that on both these accounts {hey must
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complete their circuits sponer: we may, therefore,
in order to simplify as much as possible this very
intricate subject, suppose Mars to stand still in
some particular point of his orbit, while the Earth
rms one whole revolution about the Sun.
us in diagram seven (which consists of two
parts or pieces, numbered 1. and 2.)", let abcdef
gh ik No. 1., represent the orbit of the Earth;
A B CD, the orbit of Mars, m Mars, and C the
point of his orbit in which he is supposed to con-
tinue while the Earth goes once round the Sun in
the order of the letters a & ¢ d, &c.; also, let S,
No. 2., of the same diagram, be the Sun, and E
the Earth. The line v! proceeding from the
Earth and passing through the centre of the Sun,
is the visual line, in which the Sun appears to a
spectator on the Earth’s surface, and the silk string
is the visual line of Mars. This line is to be kept
constantly stretched over the centre of that planet,
and extended to the ecliptic, while the Earth is
made to revolve round the Sun.

Now, when the Earth is at @, Mars, supposed
stationary at C, will bein the same right line with
the Earth and Sun, as is shown by the coincidence
of the two visual lines, and will consequently be in

3 In future, when any diagram is mentioned, it will be
taken fo:r'.Frnmed, that before reading the description of it,
the ceve rts of which it is comnposed are ranged on the
machine in their regular order, always beginnin% with No. 1,
of every di , and placing them so that the letters of re-
ference of chief importance on each part may stand in their
natural position at the commencement of the illustration,
unles any particular direction be given to the contrary : thus,
when the letters C A on part 1. of the above diagram are due
nd south, all the letters of reference upon that part
ir natural position ; m. bei&then t on, and

JE 8 (the principal on partfubeing also
Miiheir natural position, the whole diagram is pre-
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conjunction with that luminary in the beginning of
Cancer, that bLeing the point of the ecliptic to
which both the Sun and Mars will be referred
by the eye of a spectator on the Earth. While
the Earth is moving from « to & in its orbit, Mars,
whose apparent motion is now direct, will appear
to move through about five degrees of Cancer, but
will scem to recede from the San, whose more
rapid apparent motion will carry him¥h the same
time to the 28th degrce of the same sign. While
the Earth is going from & to ¢, Mars will appear
to advance about four more degrees in the ecliptic,
its motion still continuing direct, but decreasing in
velocity ; and when the Earth is at C, the Sun,
whose angular distance from Mars has rapidly in-
crcased, will be just entering the sign Virgo.
While the Earth is moving from ¢ to d and from
d to ¢, the direct apparent motion of Mars con-
tinues, and when the Earth arrives at ¢, the Sun
appears in about the 10th degree of Scorpio, and
Mars in about the 16th of Cancer. Mars will now
appear stationary for a short time, the visual line
being a tangent to the Earth's orbit, after which, its
apparent motion will become retrograde, and while
he Earth moves from e to ; Mars will appear to
return back again to C, its retrograde motion be-
coming more rapid as it approaches C, where
Mars is in opposition to the Sun and its motign a
maximum, &’hile the Earth is moving from f to
g, the retrograde motion of Mars continues, but
its velocity gradually diminishes, and as the appa-
rent motion of the Sun is always direct, the
e motien of Mars now tends to diminis
angular distance betweenthem. When the Ed)
at g, the visual line of Mars is again a tangegi'i

Earth’s orbit, and Mars once more apgfirs &
tionary in the heavens, its apparent place:im-
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ecliptic being about 14° of Gemini, and its angular
distance from the Sun the same as it was when the
Earth was at e.  After remaining stationary for a
short time, the apparent motion of Mars again
becomes direct, and he is therefore retreating from
the Sun; the velocity of the latter, however, is so
much greater than that of Mars, that their angular
distance nevertheless diminishes while the Earth
is moving #rough the arc g / 7 k a, and when the
Earth arrives at @, Mars is again in conjunction
with the Sun as at the first.  The angular distances
between the Sun and Mars are not quite correctly
shown in this illustration, the cause of which is
obvious from what was.said with respect to the
angular distances between the Sun and the inferior
‘planets, Mercury and Venus, when the apparent
motions of those bodies were treated of.

Mars has hitherto been considered stationary in
one particular point of its orbit, while the Earth
was moving round the Sun this is not, however,
the case, Mars and all the other superior planets
really revolving round the Sun in the same direc-
tion as the Earth, but ‘moving much slower in their
respective orbits; the same phenomena, however,
take place, but happen at different times, and when
the Earth is in different parts of its orbit.

The phenomena we have now been describing
aregcommon to all the superior planets, but happen
under somewhat different circumstances on account
of the slower motion of those which are more dis-
tant from the Sun. The nearer a superior planet
is to the Sun the greater will be the time employed
by it in passing from conjunction to conjunction
%he greater the angular distance at which
ir

eg stationary, and the greater the arc of
T‘ ation, but the less will be the time in
which the retrogradation is performed,
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While a superior planet is advancing towards
its conjunction with the Sun, the velocity of its
apparent motion gradually increases, and as gra-
dually diminishes from conjunction to the point at
which it becomes stationary ; in retrograding from
this point its velocity again increases till the planet
is in opposition, at which instant the rapidity of
its motion begins once more to decrease, and con-
tinues so to do till the planet becom® a second
time stationary, after which it is again seen to ap-
proach its conjunction with an increasing motion,
and the foregoing phenomena are again repeated
in the same order.

The apparent diameteg of a superior planet is
variable, being greatest when that planct is in op-
position to the Sun, and least when it is in con=
Jjunction with him. In the intermediate points of its,
orbit, its apparent diameter varies between these
two extremes, being greater or less according to
the proximity of the planet to the one or the other
of these situations.

The orbits of the superior, like those of the in-
ferior planets, being inclinéd to the plane of the
ecliptic, their latitude or distance from the ecliptic
maust be perpetually varying, and instead of appear-
ing to move continually backward and forward in
a straight line, as they would do if the planes of
their orbits coincided with the plane of the ecliptic,
they will seem to describe a succession of irregular
looped curves among the fixed stars. This will
be understood from fig. 29, ' representing the ap-
parent path of Jupiter, from the beginning of 1708
to the beginning of 1710. In this figure, E C

-
*®
' 'This figure was originally given by Dr, Rgbison i fhe
Elements of Mechanical Philosophy. A similar #igure is to
be met with in the Edinburgh Encyclopeedia, plate xk fig. 5.
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represents the ecliptic, and the two first letters of
every month are put to the places in Jupiter’s path
where be was on the first day of that month. Each
of -the loops at L, L, is formed every thirteenth
month, the planet being in opposition to the Sun
when he is in the centre L of each loop.

The apparent path of any other planet or of
Jupiter for any other time may be easily drawn by
taking thesgeocentric latitudes and longitudes at
the commencement of every month from the Nau-
tical Almanac, and laying them down in a similar
manner. The orbits of the superior planets being
much larger than that of our Earth, the greater
portian of their enlightened side is constantly turned
towards us, generally appearing almost like the

n when full.

" Having taken a comprchensive survey of the
‘motions and general appcarances of the primary
planets, we may proceed in the next place to con-
template the

PHENOMLNA
OF THE

Secondary Plancts, Satcllitcs, or Moons.

It has been already remarked, that besides the
Earth, ‘which is accompanied in its revolution
round the Sun by the Moon ; Jupiter, Saturn, and
Uranus, are likewise attended by satellites, of which
Jupiter has four, Saturn seven, and Uranus six.
In describing the motions, &c. of these bodies, we
shall, of course, commence with

The Moon,

w.host;-. s appearances (commonly called her
Jphases) during her progress round the heavens,
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cannot fail to have attracted universal attention,
and they, in fact, constitute some of the most
striking of the celestial phenomena. When the
Moon, after having been in conjunction with the
Sun, emerges from its rays, in the evening she
appears after Sun-set like a fine luminous crescent,
having its convex side turned towards the Sun.
As she recedes from that luminary, this crescent
gradually increases in breadth, and when she has
gone through an eighth part of her revolution, she
is said to be in her first octant, at which time one-
fourth part of her enlightened side is turned to-
wards the Earth. As her distance from the Sun
increases, she presents giore of her enlightened
side to our view, and when she has complew
fourth part of her revolution, she appears a H¥H-
moon or dichotomised ', “and is "said to be a

uarter old. In rather less than' four days more
she is in her second octant, when she becomes
gibbous?, exhibiting an intermediate figure between
a half and a full Moon. Her distance from the
Sun continues to increase, until at length she is in
opposition to that luminary; when her enlightened
hemisphere is wholly turned towards the Earth, and
sée shines with a full illumined orb, at which time
she comes to the meridianat midnight. The enlight-
ened porfion of her disc now begins to diminish,
and when she arrives at her third octant, she again
becomes gibbous. Her enlightened side continues
to be withdrawn more and more from the Earth,
and when she arrives at her third quarter, only
one half of it is visible. She still continuegto
approach the Sun, and having reached her fourth
octant, she once more appears horned, Raving

' From 8ixérouos, cut into ﬁ:ﬂgam.‘
# From gibbus, crooked or bunched out. ,
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¢
only a quarter of her eunlightened hemisphere
turned towards the Earth ; at this time she is seen
in the east, rising a little before the Sun, till at
length, having completed her revolution, she is
again in conjunction with that luminary, and dis-
appears, her dark side being turned towards the
Earth. The Moon, in this situation, is said to be
new.
* These :e(h]anges in the appearance of the Moon
are repeated in the same order every lunation, the
Moon constantly exhibiting the same phase at the
same angular distance from the Sun, from which
we naturally infer that the Moon is an opaque
lob#ar body, deriving. her light from the Sun,

’ f? changes or phases being produced by her
sttuation relatively to the Earth and that Juminary.
"This will be béqirullclcrst(m(l from diagram §., in
which, let S be the Sun, E the Earth, and M the
Moon. When the Moon is at « in conjunction
with, the Sun, her durk hemisphere being turned
dir ‘towards the Larth, she becomes invisible
as st A, 'When the Moon has advanced from «
to &, having gone through an cighth part of her
orbit, she is said to be in her first octant ; a small
portion of her enlightened hemisphere is ndw
turned towards the Larth, and she appears as at
B. In this situation the Moon is said to be herned.
Woen she reaches ¢, she is in her first quarter
and appears as at C, one half of her enlightened
side being turned towards the Earth. As she con-
tinues to move forward in her orbit, more and more
oLQ:r enlightened hemisphere befomes visible,
and’at d, being in her second octant, she appears
ibbous as %) At e she is in opposition to the -
un, her.y%)le illumivnated hemisphere is now
turped«8wards the Earth, and she appears full as
at E. “From this point of her orbit she begins
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gradually to present less and less of her illumin-
ated disc to the Earth, and when she reaches her
third octant at £, she again appearsfibbous asat F.
At g she is in her third quarter, and again presents
half her enlightened hemisphere to our view as at
G. Inher fgurth octant, she once more assumes
the form of a crescent as at H; and at @ she again
becomes invisible, being once more in conjunction
with#the Sun. " '
Those points of the lunar orbit in which she is
new and full, or in conjunction and opposition, aré
called the syzigies,! and those points in which she
is 90° from the Sun, the quadratures, % ..
It will be seen by inspfecting the diagram, that.
the Earth exhibits the same phases to the inhabit-
ants of the Moon (if such there be) as the Moon
presents to a spectator on our globe, but in an in-
verted order, the Earth being new, and conse-
quently invisible to them when the Moon is full to
us: they must have a waxing whens#¥§:have a

waning Moon, and thus all their Jgg
must be exactly the reverse of ours

from one side of the Moon (as will hereafier bi
shown) that the Earth can ever be segnj; but to

those who live on that side, it must, on’account of
its vast magnitude compared with that of the Moon,
prescht a much more magnificent spectacle than
she does to us.

The revolution of the Moon from one conjunc-
tion with the Sun to the next, during 'which her
varioua:?haseg are exhibited in the manner alves
detailed, is cdlled a synodical revolution, the #%n
period “of which is 29 days 12 hours 44 minutes
2'8 seconds, This period is also W a lune-
tion. ’ ' S e

! From evtvyia, union.
M
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The sidereal revolution of the Moon is per-
formed in 27 days, 7 hours, 43 minutes, 115 se-
conds, being the time she employs in moving from
any fixed star to the same fixed star again. The

idereal or true revolution of the Moon is less than
the synodical, the greater length of the latter being
caused by the motion of the Earth in its orbit,
whereby the Sun appears to advance rather more
tHan 29° in.the ecliptic, while the Moon goes once
round the Earth ; the difference, therefore, between
these two revolutions is equal to the time occupied
by the Moon in passing over this space, so as again
to come into conjunctien with the Sun.

The periodical or tropical revolution is the time
which the Moon takes to revolve from one equi-
nox to the same equinox again; this is less than
the sidereal revolution, for the equinoxes, during
the latter period, recede about four seconds of a
degree, g, space which the Moon passes over in
rat an -seven seconds of time, hence her
periplii ution is performed in 27 days, 7
i : tes, 4°7 seconds.

Moon revolves round the Earth, the

gelf in constant motion round the Sun,

th&'path of'the Moon, therefore, in absolute space,

is very different from that which she appears to

describe about the Earth, being, in fact, a series of

epitycloidal curves, always concave towards the
.

n.
The figure of the orbit in which the Moon cir-
culates about our Globe is nearly that of an ellipse,
amdwould be truly so if the distanog of the Sun
from the Earth in respect of that of the Moon were
infinite, in which case, as they would both be
ally attracted in parallel straight ¥nes, and at

all times unifomxll;, so their relative motion would
not be in the least disturbad: The distance, how-
¢ver, of the Moon from the Earth, though much
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less than that of the Sun, bears, notwithstanding,
a very sensible proportion to it, and consequently
the angular distance between the Earth and Moon
is perpetually varying; the Sum, therefore, acts
unequally and in different directions upon these
bodies, thereby producing those changes in the
form of the lunar orbit, and causing those devia-
tions from the true elligtical motion, which are
denominated the lunar inequalities. Of these
phenomena, which may be classed among the most
interesting and useful, but at the same time, the
most intricate subjects of astronomical investigation,
I shall endeavour to give as.romprehensive a view
as the compendious plan ef these lectures will pos-
sibly adwit, and in so doing, I shall first of all
consider the orbit of the Moon a perfect circle, as
A BCD, fig. 30. In the same figure, let E be
the Earth, m the Moon, and S the Sun.

When the Moon is in the last quarter at A, her
distance from the Sun S will be pearly the same
as that of the Earth. As, thergford, the Earth in

going round the Sun is constass wling to-
w. it, so the Moon, if 'shef,',, ad in .the
same point of her orbit while she panied the

Earth in its progress round the/Suny mast, in any
equal portion of time, descend as much, the rela-
tive situation of the Earth and Moon being in no
respect altered, and, consequently, the Sun’s action
upon both continuing the same. ~ But as the Moon
advances from the quarter#towards the conjunction,
sup to &, her distance from the Sun dimipishes,
and, consequgntly, the action of the latter ypen
the Moon increases, while, in respect of the
Earth, it still remains the same, and, conse-
quently, an acceleration is produced in the mo-
tion of the Moon, which aéceleration is not
caused simply by the Sgp’s attraction of the Earth
M2
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or Moon, but by the Moon at § receiving a‘gteater
impulse from the Sun than the Earth at E, in conse-
quence of her beingnearer to him; for if the Sun’s ac-
tion upon the Moon were equal to its action on the
Earth, and exerted in the direction 4 ¢ parallel to
E 8§, no disturbance would take place in the appa-
rent motion of the Mogn round the Earth. But
the Moon at ) being more powerfully attracted
than the Earth at E, its motion through the arc
b B would be accelerated, were the Sun to act in
the direction & ¢ parallel to E S; this acceleration,
therefore, is still farther increased by the oblique
direction of the Suw’s attraction. The Moon’s mo-
tion, therefore, from thevlgst quarter to the con-
junction being continually accelerated, its velocity
increases till it arrives at B. I‘'rom the conjunc-
tion B to the next quarter C, the distance of the
Moon from the Sun increases, and, consequently,
its motion is gradually retarded till it arrives at C,
where, being again in quadrature, its distance from
the Sun is ag&" rly the same as that of the
Earth. In %ﬂ] Cto D, or from the first
uarter to thé@pposition, the Moon is receding
m the Suf, ﬂ:& Earth is now, therefore, nearest
to him, and, consefuently, more attracted by him
than the Moon; whose motion, for this reason,
appears to be accelerated, ghe same effect being
nof produced by the deficiency of the Sun’s action
on the Moon, from what it has on the Earth, as
was produced by the ex®ess of it while the-Moon
was going from A to B. In moving from the full
oropposition to the third quarter, the excess of
the Sun’s attraction upon the Earth again dimin-
ishes, and the Moon’s velocity is constantly re-
tarded, and when she arrives at Ay the Sun’s
action upon the two bodies is again nearly equal.
From what has now beensaid, it appears that the
velocity of the Moon’s motion is greatest in the
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:Kzigfe!,' and least in the quadratufes. About
e octants its velocity is nearly in a mean state.
In the first and third octants, the Moon is about
37 minutes to the eastward of her mean place, and
in the second and fourth, it is as much to the west-
ward. This alternate acceleration and retardation
of the Moon in her orbit was first observed by
Tycho Brahe, who calledit her variation.

When the Moon is in conjunction, she is nearer
the Sun than the Earth is; the«Sun, therefore,
attracting her more forcibly than it does the Earth,
her tendency towards the latter is diminished, and
her orbit becomes less incgrvated; for the inflec-
tion from a rectilinear course, being the effect of
her tendency towards the Earth, the more that
tendency is diminished, the less will be the inflec-
tion produced. Precisely the same effect takes
place at the opposition, for the Moon being then
more remote from the Sun than the Earth is, the
effect of the Sun’s attraction upon the latter is
g:’eater than upon the former, and, consequently,

e Moon’s tendency to the Earth is again dimi-
nished, and its orbit, in respect to theaﬁﬂarth, ap-
proaches nearer to a straight line. But when the
Moon is in quadrature, her distance from the Sun
being nearly equal to that of the Earth, they both
descend with equal-welocity towards the Sun,
and, therefore,» er;%ravitation to the Earth is
increased. This increase in the tendency of the °
Moon towards the Earth#by the solar action in the
quadratuves, is equal to about one-half the quantity,
by which the same tendency is diminished in the

igies. It follows, therefore, that were the orbit
wbicil the Moon would describe about the Earth,
if undisturbed by the Sun’s attraction, a circle, the
effect of this disturbing force would be o change
it into an oval, approaching very near to an ellipse,

M3
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having the Earth in its centre, and its longer axis
nearly coincident with the line of the quadratures.
Sir Isaac Newton computed the distance of the
Moon from the Earth in quadrature, to be to its
distance in syzigy, as 70 to 69.

The lunar orbit, however, although not very
eccentric, is, in fact, an ellipse, one of the foci of
‘which is occupied by the Earth. When, there-
fore, the line of the apsides coincides with the line
of the syzigies,’the eccentricity of the orbit is in-
creased ; and it is decreased when the line of the
apsides coincides with that of the quadratures.
These changes in the, eccentricity of the Moon’s
orbit sensibly affect the eguation of the centre.

Another effect produced by the disturbing force
is the motion of the apsides. When the Moon is
in syzigies, the line of the apsides has a direct
motion, and a retrograde motion when she is in
her quadratures; bgt, during the course of one
complete tevotution of the Moon about the Earth,
the progress exceeds the regress. The apsides
will-advance most and recede least when the line
of the apsides coincides with the line of the syzigies.
The contrary happens when the line of the apsides
lies near the line of the quadratures, in which case
the regress exceeds the progre$s. In the octants
the apsides adyance with mnean motion, but Ii)‘y
redson of the accumulation é#the vhriations, the dif-
ference between their mean and true places is then
atamaximum. The apéides, in the course of an en-
tire revolution of the Earth about the Susg have ev
pussible position with respect to the line of the
syzigies, and, upon the whole, the natural mn&-
tion of the Moon being mote diminished in-
creased, they advance, their mean motion being
about three degrees in a revolution.

The Moon’s orbit has hitherto been considered
coipfident with the plane of the ecliptic; this is
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not, however, the case, her orbit being in reality
inclined to it, and making with it an angle of about
five degrees. One of the effects resulting from
the action of the solar force, is to produce a change
in the position of the line of the nodes. When the
line of the nodes coincides with the line of the
syzigies, the nodes are at rest. 'When the Moon
is between the node and the nearest quadrature,
the nodes advance a little fogygard, but retreat
while she proceeds from a quamre to the next
node. In each synodical revolution of the Moon,
however, the nodes retreat more than they advance,
the result, therefore, of these movements, is a
complete revolution of the nodes from any point
of the ecliptic to the same point again, in a period
of 18 years, 228 days, 7 hours, 18 minutes, 17'7
seconds, at the rate of 19 degrees, 19 minutes, 43
seconds, annually. .

By the same force, which groduces‘the foregoing
changes in the position of the nodes, the inclin-
ation of the Moon’s orbit to the plane of the eclip-
tic is also affected. 'When the line of the g
Hsses through the syzigies, the plane of the,

oon’s orbit produced, passes through the cengre
of the Sun, and consequently, not being affecied
by the Sun’s attrastion, its inclination is %he greats
est possible, being % about 5 degrees, 18} mi-
nutes. From this tind till the line®f the nodes is
in quadrature with the Sun, the Sun’s actiénr upon
the Moon tends to bring her nearer to the ecliptic,
and ther:?' to lessen the angle formed by the
plane of the Moon’s orbit witl? the plane of the
ecliptic, and when the lige of the nodes is in qua-
drature, this angle 4 the least Possible, and it

i ually increases till the line of the nodes
reaches the line of the syzigies. .
M4
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The distancq,of the Earth itself from the Sun is
not constantly the same, but varies in the course
of a year, on account of the elliptical form of its

+orbit ; it therefore follows, that the lunar inequal-
ities must be very considerably affected by this
cifcumstance ; the Sun’s attraction, by which these
inequalities are produecd, being greatest when the
Earth is in its perihelion, and least when it is in
aphelion. It hﬁ,,a.lready been shown that in the
quadratures thggravitation of the Moon to the Earth
is increased, and that in the syzigies it is dimi-
nished ; it has also been observed, that the dimi-
nutiop which takes place at the syzigies is about
double the quantity, by. which the gravitation is
increased in the quadratures, the consequence re-
sulting from which is, that the Moon revolves
about the Earth at a greater distance and in s
longer time than if her .motion was undisturbed by
she Sun’s afftactionge.The greater, therefore; the
disturbingsforee is, the greater will be the diminu-
tion of the Moon’s gravity, and the longer the time

y ich her revolution is, performed. ~ As, there«

. the Sun is nearest to the Earth in winter, the
peyiodical month is a little longer at that season
th%n in summer, when the Earth being farther
from the Sun, his disturbing foage is less powerful..
This inequality of the Moop’s motion, arising from
the-change i*e magnit of her orbit, and her
periodi€ time, according to the place of the Earth
in the ecliptic, is called her annual equation. -

In dddition to the inequalities a entioned,
to. which' the lunar motions are subjétt, another
small irregularity has beengaken notice of by astrono-
mers, called the secular equagign. This arises from a

tipual acceleration of 3; oon’s motion, caused
by.the action of the Sun uaon.the Moon, com-
bined with the variation of the eccentricity of the
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Earth’s orbit. This8 inequngty was first observed
by Dr. Halley, but for the discovery of its cause
we are indebted to La Place. In consequence of
the action of the planets upon the Earth, the
eccentricity of its orbit is at present decreass
ing, although the greater axis of the orbit is not
in the smallest degree affected by their action;
since, therefore, the mean force of the Sun to ex-
pand or contract the Moon’s orbit, depends upon
the square of the eccentricity ofithe Earth’s orbit,
by the diminution of this eccent¥icity at present
taking place, the Moon’s mean motion is accele-
rated. When, therefore, the eccentricity becomes
a minimum, this acceleratipn will cease, and when
the eccentricity increasgsf the mean motion of the
Moon will be retarded. The diminutjon, accor-
ding to La Place, is 11:185 seconds in a century,
and thi$ change of angular velocity produces a
change Hiithe longitude of* the Moon, which, like
any other uniformly acceletied motion, is in the
duplicate ratio of the time. ~ Hencé the correction
for the Moon’s longitude, calculated by the present
tables, is found by multiplying the square, @ Hhe -
number of centuries backward or forward By -
11°1385 seconds. e

Having thus briefly described the principal of
those inequalities #hich affect the Moon’s.motion,
and which, by emba sing the lgpar theory with
almost inguperable difficulties, reMer thegaldula- .
tion of its true place in the heavers omf the
most laborious and intricate problems in the science
of asm'?y; *I shall proceed to speak of its rota-
tion-on g axis, the only equable motion O s
satellite, »* - e :

“The Moon turns skactly once round on its axis
while it performs a syModical revolution in its orbit,
as is evident from her always presenting the same

M5
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side to the Earth, for if She had no rotation
upon an axis, every part of her surface would be
Presented to a spectator upon the Earth in the
course of her monthly revolution. That side of
*the Moon, therefore, which is next the Earth, is
never involved in total darkness, the Earth afford-
ing it a powerful light during the absence of the
Sun, it therefore enjoys successively two weeks of
(illumination from the Sun, and two weeks of
moonlight from the Earth. The other side has a
fortnight’s light and a fortnight’s darkness by turns.
The lunar day and night is therefore a month
long, and her axis being nearly perpendicular to
the plane of the ecliptic (the angle it makes with
that plane being 88° 29'49"), there is scarcel
any diversity of seasons in the Moon. But althougfx'
the Sun never declines materially from her equa-
tof, and consequently, the lunarians e oyinf{ a
perpetual equinox, cannot determine thé length of
their year in the sdfhe manner that we can the
length of ours, yet, th:‘y may, by observations
vpop the polar regions of our Earth, ascertain it
w'iﬂ?great ense; and'it.has been supposed that this
is the method which would most probably ke re-
sorted to by them for resolving this problem ; for
as the north pole of our Earth begins to be en-
lightened at the time of the spfing, and the south
pole at the tige of the autumnal equinox, it is evi-
denit, ghat by%serving when either of our poles
begins to be“enlightened, and the other to digap-
pear, they may. ascertain the length of their year;
which is, in fact, the same as that oF o4 slthough
fite flumber of natural days containe jt.h very
different, ours consisting™-of 365}, ‘Shelgg of little
more than 12. oo e
Although the-motion of the Moon about her
axis is perfectly equable, yet, the disc of the Moon

ot
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presented to our olfservation..is subject to certain
small variations, by which the spots on the eastern
limb are sometimes withdrawn, and vanish behind
that limb, while others appear on her western
limb which were not before visible. Again, the
last mentioned spots become invisible, disappearing
behind the Moon’s western margin, while those
which had withdrawn themselves behind her east-
ern margin, reappear in their original situations.
The northern and southern limbs of the Moon
are also found to undergo similar changes. These
phenomena are comprehended under the general
name of the Moon’s libration, which is of four
kinds, viz.: the libration in longitude, the libra-
tion in latitude, the, diurnal libration, and the
spheroidal libration.— Of these different species of
libration, the three first are merely apparent, and
conseqtently do not affect the real motion of the
Moon about her axis; the fourth arises from the
action of the Earth on the lunar spheroid, pro-
ducing a trifling inequality in her rotation. The
two first of these apparent irregularities were ori-
ginally noticed by Galileo, the third was dist8yered
by Jlevelius, and the spheroidal libration was first
remarked by La Grange.

The libration in longitude arises from the uni-
formity of the Moon’s motion about her axis, com-
bined with her unequal motion in her orbit. Were
the orbit. in which the Moon revolves rounl the
Earth a perfect circle, having the Earth in its
centre, and were the Moon’s moticn therein uni-

form, hey’ rotation on her axis being performed in
the sametimatagher revolution in ﬁex orbit, dtere
would :being, Hitwation in longitude, because the

Earth would*be constantly vertical to the same

lunar meridian, and the same face of the Moon

would be constantly and exactly tarned towards
M 6
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the Earth. Bat singe the Moon moves unequally
in an elliptic orbit round the Earth, placed in one
of the foci while she revolves equably on her axis,
the plane of no one lunar meridian will constantly-
pass through the centre of the Earth, and conse-
quently she will not, in every point of her orbit,
have precisely the same face presented tous. The
libration, in longitude, at its maximum, which
happens when the Crisian Sea is about § of its
width, from the western limb of the Moon, is about
7° 80, and it altogether vanishes in perigee and

ap?fee.

he libration in latitude arises from the declin-
ation of the Moon’s axis, from a perpendicular to
the plane of the ecliptiy whereby the lunar axis,
which always preserves its parallelism, sometimes
inclines towards the Earth, and at other times
declines from it, thus bringing the north pole and
the parts adjacent into view, during one half of
her revolution round the Earth, and the south pole
and south polar regions, during the other half,
one pole of the Moon constantly withdrawing itself
from our observation, as the other becomes vi-
sible.

The diurnal libration arises from the somewhat
different views a spectator on the Earth’s surface
obtains qf the Moon at the time of her rising, cul-
minating and setting, and is, therefore dependant
on the motion of the observer about the centre of
the Earth; for it is easy to conceive, and observ-
ation proves, that at the time of the Moon’s rising,
certain spots are visible about > limk,
wkich disappear as she advance
while others about the opposité §
not before observable, come into
proaches towards and descends below th
verge of the horizon.

‘ e a
e western
. Al

e
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The fourth kind ®f libration is caused by the
action of the Earth on the elevated parts of the
lunar spheroid, whereby a small vibratory motion
of the Moon is produced about an axis, perpen-
dicular to the radius vector, or line joining the
Earth and Moon.

The mean motion of the Moon from west to
east in her orbit, is at the rate of about 12° 11/ in
a day, she is, therefore, generally supposed to rise
about 50' later every day than on the day preced-
ing ; this is, however, only true in regard to places
situated on the equator. In places of considerable
latitude, there is a remarkable deviation from this

riod of daily retardatign in the rising of the

oon, and this differencd is- most conspicuous in
the autumnal 'season, when the full Moon appears
to rise for several successive evenings about the
time of sunset, or so long before the termination of
twilight, as to enable the husbandman to continue
his labours to a late hour without interruption,
and is thence called the harvest Moon.

The equator making always equal angles with
the horizos, if the Moon’s prbit coincided with the
plang of that cirtle, her time of rising would vary
daily about 50 minutes. The Moon’s orbit, how-
ever, is nearly coincident with the plane of the
ecliptic, .and ‘consequently, different pasts of it
make different angles with the horizon as they rise
or set, those parts which rise with the smadlest
angles; setting with the greatest, and vice versa.
Now, théless this angle is, the greater portion of
the orbit plses. in the same time. When, there-

the Mioggils in those parts of her orbit whish
the smallest angles, she rises or
sets with thé least difference of time, and when she
is in those parts of her orbit which rise or set with
the greatest angles, she rises or sets with the
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greatest difference of time. But in northern lati-
tudes, the smallest angle of the ecliptic and hori-
zon is made when Aries rises and Libra sets, and
the greatest, when Libra rises and Aries sets; when,
therefore, the Moon rises in Aries, she rises with
the least difference of time. Now, the Moon is
obviously in opposition, in or near Aries, when
the Sun is in or near Libra, which happens in the
autumnal months, and it will be seen by making
the experiment with a conmon globe, that when
the Moon is in the twenty-thirrF degree of Leo,
where the ecliptic makes the greatest angle with
the horizon, an hour and a quarter must elapse
before 12° 11' of the egliptic will #scend above the
horizon, and consequedtly, the Moan will at that
time rise one hour and a quarter later on the fol-
lowing evening, whereas, if the Moon be in the
beginnin;l; of Aries, where the ecliptic makes the
least angle with the horizon, the same portion of
the ecliptic will appear above that circle in about
a quarter of an hour, so that the moon seems to
rise for several successive nights nearly at the
same time. T

The same phenomenon takes plice everyuna-
tion, but as the Moon is not full when it happens,
except in the harvest months, the circumstance
passes unnoticed. Since the Moon is “always in
opposition when full, and since the harvest Moon
caft never happen, but when she is in Pisces and
Aries, and consequently, when the Sun is in the
opposite signs Virgo and Libra, it is obvious there
can be no more than two fall Moons-in*a year,
‘which rise nearly at the settingzef the Sun for
“almost & weck together. The firfaf these Moons
is known by the name of the sty and the se-
cond by that of the hunter’s Moon. ~ | 7% .-
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The Moon has Htherto been considered, while
describing the Ehenomenon of the harvest Moon,
as moving in the plane of the ecliptic, her orbit,
however, is not coincident with that plane, but
inclined to it at an angle of about five degrees and
a half, it therefore intersects the ecliptic in two
opposite points, called (as we have before observed)
her nodes; one-half, therefore, of her orbit is
above, and the other half below the ecliptic. In
order to understand the full effect of the harvest
Moon, it will e necessary to observe, that the
part of the luna¥'orbit at the ascending node, where
the Moon rises abové the.ecliptic, must make a
more acute angle with the horizon than the eclip-
tic itself, and, on ﬁucnnﬁq, that the part of the
lunar orbit' at the descending node, where she
descends belew the ecliptic, must make a greater
mwith the horizen than the ecliptic itself.
‘When, therefore, the ascending node is in Aries,
the northern half of the Moon’s orbit will extend
beyond the ecliptic, and as her orbit then makes
an angle of 5} degrees less with the horizon than
the ecliptic, ‘the geneﬁelal effects of the harvest
Mogp ‘will be increased. - On the contrary, when
the Moon’s descending node is in Aries, the
northern half of the Moon’s orbit will be below
the ecliptic ; and as her orbit in the lattex instance
makes an angle with the horizon, 5} degrees

ater than when she is in the ecliptic, the Isene-

cial effects: of the harvest Moon will be dimi-
-nished. ' Now; the Moon’s nodes perform a com-
plete revolution round the ecliptic in about 18
years, 225. days, consequently, if the Moon’s-as-
cendis nodej.'ggin,the begmnmog of Aries at any
given-time, the -descending node will occupy the
same:place after.gn interval of about 9 years, 112



«

256 LECTURES ON ASTRONOMY.

days. There will, thercforé; be an interval of
about 93 years, between the most beneficial and
the least beneficial harvest Moons.

Thege phenomena are as regular in the southern
as in the northern hemisphere, but take place at
contrary times; the harvest Moon in south lati-
tude being the full Moou that happens at or near
the vernal equinox.

The Moon when near the horizon appears much
larger than when in the zenith, although, in the
latter situation, it is about ‘4000 miles, or the
semidiameter of the Earth nearer to us than in the
former, and consequently ought to appear larger,
and it is accordinsgel% fo n{l bygahctual nrl)ensuremgflt,
to subtend a larger angl®, when in the zenith or
on the meridian, than it does when near the hori-
zon. Thiswill be understood from fig, 31, in which
E represents the Earth, A -the place of an ob-
server, M the moon in the zenith, and m the Moon
in the horizon. A mere glance at the figure is
sufficient to show that the distance of the Moon at
m, fromn the spectator at A, is much greater than
when it is at R'I, and that the angle under which it
appears at M is greater than at m. o

n order, therefore, to account for the increase
in the apparent magnitude of the horizontal Moon,
some authors assert that the pupil being more ex-
panded in consequence of the diminished brilliancy
of the Moon when near the horizon, a larger
image is formed upon the retina. It seems, how-
ever, more probable, that the increase of apparent
magnitude in the horizontal Moon, is nothing
mare than an optical illusion, and may be ex-
plained u(i)on the same principle, by which we
always endeavour, in forming & judgment of the
magnitude of very remote objectsy to compare them
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with some ‘intervening object whose size is known.
Thus, in viewing the M'oon in the horizon, we
involuntarily compare her with terrestrial objects,
with whose general magnitude we are gequainted,
while the M%on in the zenith is seen, as it were
isoluted in the widely extended hemispherical vault,
and consequently appears considerably smaller.
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. LECTURE XV.
PHENOMENA OF THE SECONDARY PLANETS AS SEEN

’ FROM. THE EARTH CONTINUED, — OF SOLAR AND
LUNAR ECLIPSES.

Te phases and motions of the Moon having
been explained at considerable length in my last
lecture, I shall, in the™iext place, proceed to give
a general view of the nature and causes of solar
and lunar eclipses, the transition from an explan-
ation of the lunar motions to that of the doctrine
of eclipses being hoth easy and natural. It is easy,
because a thorough understanding of the former
will greatly facilitate the comprehension of the
latter ; and it is natyral, because eclipses, though
generally considered as of two kiiids, namely, solar
and lunar, may be more properly comprehended
under the head of lunar than solar phenomena,
since a lunar eclipse (as will hereafter be shown)
is properly so called, being a deprivation of light
which ¢he Moon undergoes in consequence of the
interposition of the Earth between her and the
Sun, the only luminous body in the system, while
an eclipse of the-Sun, as it is commonly denomin-
ated, is in reality no eclipse of that luminary, whose
brilliancy always remains unimpaired, but is, in
fact, only a partial eclipse of the Earth, caused by
the Moon coming between the Earth and Sun,
whereby certain portions of the Earth’s surface are
deprived of the light of the Sun during the con-
tinuance of the phenomenon.
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No celestial phenomena with which we are ac-
queinted have perhaps moye particularly engaged
the agtention of mankind than the eclipses, of the
Sun and Moon. In the remote ages of antiquity
the obscurations of these bodies were looked upon
with terror and amazement, and generally regarded
by the vulgar in all ages as portentous omens
presagini some dreadful calamities about to ‘take
place.” An eclipse of the Sun, especially if it hap-
pened to be total, was supposed by the ancients to
be caused by his turning away his face in detest-
ation of some horrible crime, either already com-
mitted or about to be perpetrated upon Earth;
and the Moon, when gclipsed, was considered as
enduring violent pains, on which account eclipses
were frequently denominated lunce labores.

In a chronological point of view, eclipses are of
considerable importance, since they afford the most
certain method of determining with accuracy the
dates of many past occurrences recorded in ancient
and profane history. Geography has also been
much benefited by these phenomena, which are
frequently employed in determining the longitude
of places on the Ea‘rth’s surface, and afford besides
a convincing proof of the Earth’s rotunditgz3

The shadows of the Earth and Moon being so
materially concerned in the production of eclipses,
it may be proper, before entering upon a descrip-
tion of the phenomena themselves, to make a few
brief observations relative to the figure of shadows
cast by opaque spherical bodies in general.

Every opaque body enlightened by a luminoss
one, must cast a shadow in a direction ite to
that of the illuminating body, and parallel to the
rays of light by which it is illuminated, and the
strength of the shadow will be in proportion to the
intensity of the light received; not indeed that the
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shadow is of itself darker, for all perfectly opaque
bodies entirely interce[it the rays of light, whatever
may the degree of intensity with which that
light falls upon them, and consequently cast, at all
times, the same degree of shade; but the shadow
will obviously seem stronger as the contrast is

r, and consequently, the more intense the

i the stronger will the shadow appear.

If the Tuminous body be smaller than the opaque
one, the shadow will continually increase in breadth
the farther it recedes from the latter, assuming the
figure of a truncated cone, with the apex towards
the opaque body. This figure of the shadow is
sometimes called calathbeides.’

If the luminous body be equal in magnitude to
the illuminated one, the shadow cast by the latter
will be perfectly cylindrical, and its breadth will
be equal to that of the diameter of the body. In
each of these cases, therefore, the shadow would
be infinitely extended.

Bat if the luminous body be larger than the
body illuminated, the, shadow will converge as it
recedes from the latter until it terminates in a point,
the distance of which from the illuminated body
will depend on the difference between the diameter
of the Ytelminous body and that of the opaque one.
The stidow will therefore assume the form of a
cone, the base of which is the boundary between
the enlightened and dark hemispheres of the

ue gody, and the vertex is the extremity of
the shadow itself.
o When the luminous body is greater than the
w\le one, the conical shadow of the latter is en-
goinpassed with a fainter divergent shade called
#h penumbra?, into which the rays of light can
3 Froj calathus, a basket.

From pene, almost ; and umbra, ut!ude or shadow,
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come only from certain parts: of the luminous
body, the rest of the rays being intercepted by the
opaque one. This fainter shade increases in
breadth as it recedes from the illuminated object
in the manner of the shadow cast by an opaque
body, whose magnitude exceeds that of the body
by which it is illuminated, assumes the same form,
and, like that shadow, is of an indefinite length.
It is to be observed, that the axis of the penumbra
always coincides with that of the principal shadow,
and that the nearer any part of the fainter shade
is to that shadow, the less light does it receive from
the luminous body.

The l:st case mentioneds or that in which the
magnitude of the luminotis body exceeds that of the
illuminated one, alone concerning the subject of
cclipses, and being, moreover, not quite so self-
evident as the preceding ones, may probably re-
quire illustration ; accordingly, let A, fig. 82. be the
luminous body, greater than the opaque one B.
The convergent rays of light 2, cd, proceeding from
the extreme edges of the former, and in contact with
the latter in the same side, meet or intersect each
other in the point C. No part, therefore, of the
light emitted by the luminous body enters into the
cone b C d, which is, therefore, the dark shadow
of the opaque body B. The penumbrais that
fainter sﬁagow surrounding the umbra or dgrk
conical shadow which is comprehended between
it and the portions d e, b f; of the rays of light
a d e c b f, passing from the extreme edges
of the luminous body, and touching the oppo-
site extremes of the opaque one. This s
which is partially illuminated by the luminous
body, becomes darker as’ it approaches the
conical shadow from which the rays of light are
wholly excluded. To an observer, thefefore,
within the cone 5 C d, no part of the luminous
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body will be visible, while an observer within the
lines & f; d e, but without the dark cone, will see a
part of the luminous body, the rest being hidden
by thé interposition of the opaque one, and the
quantity of the luminous body thus obscured will
be greater the nearer the spectator is to the durk
cone. If the observer be situated beyond the
vertex of the dark shadow as at g, he will behold
the exterior parts of the luminous body surround-
ing the dark one on all sides like a lucid ring.
.Lhe planets and satellites ave all of them opaque
illuminated by the Sun; it follows, there-
fore, that every planet, whether primary or second-
ary, must cast a shadow:towards that point of the
heavens which is opposite to that luminary. If,
therefore, the Earth or any other planet were equal
in magnitude to the Sun, its shadow would be
lindrical, or if it were larger than the Sun, the
ow would assume the ‘.E‘{e ure of a truncated
cone, and in either case would be infinitely ex-
tended. The Sun, however, being so much larger
than any of these bodies, the shadow of every one
of them must be of a conical form, growing less
and less the farther it recedes from the planet, till
it terminates in a point which is the vertex of the
cope. The height of the conical shadow of any
planet, or the length of the axis of that shadow is
r or less as the planet is at a greater or less
ﬁ:xce from the Sun; thus, the conical shadow
is longest when the planet is in aphelion, and
shortest when it is in perihelion; the primary
planets, however, can never eclipse one another,
the magnitude of the Sun and the distances of the
wmng such, that a primary planet can only
£ gelipse its satellite or be eclipsed by it.
has been already observed, that an eclipse of
the 8un, as it is erroneously but popularly called,
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is caused by the intervention of the Moon between
the Earth and Sun, whereby his rays are so
intercepted that certain portions of the Earth’s
surface are partially or wholly deprived of his
light, causing, in fact, an eclipse of those parts of
the Earth where the Moon’s shadow or penumbra
falls ; and that an eclipse of the Moon is caused
by her falling into the Earth’s shadow, whereby
(being an opaque body, and having no light of her
own) she undergoes a rgal eclipse by the intercep-
tion of the Sun’s rays. To exemplify this, let §,
fig. 33. be the Sun, E the Earth, and M, m, the
l\ﬁoon in two opposite points of her orbit A'B.
When the Moon is at NP,obetween the Earth and
Sun, her cdnical shadow falling upon the Earth at
a, will render the Sun totally invisible from that
point of the Earth’s surface, and its penumbra will
cause a partial eclipse to the inhabitants between
b und c. ' Whén the Moon is in the opposite point
of her orbit at m, she will herself be eclipsed by
falling into the Karth’s shadow. The penumbra
of the Earth is disregarded, because its effects in
obscuring the Moon cangot be accurately obsérved
by a spectator on the Earth. .
An eclipse of the Sun, therefore, can only hap-
pen at the time of conjunction, or when the Moop
is new, and an eclipse of the Moon at the fime of
opposition, or when she is full. Now, the Mogn
being in these situations once in the course of
every lunation, if the Moon’s orhit coincide, with
the plane of the ecliptic, a solar arid lunar eslipse
would happen every month. But sihice the plane
of the Moon’s orbit is inclined at an angle of about™
5% degrees to that of the egliptic, these phanbmsna
can only take place when the Moo is in or near
gtdne of her nodes at the: time of new and full
oon. B . .
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When the Moon is in enther of her nodes at the
time of new or full Moon, the Sun, Moon, sl
Earth, are in the same right line, that is, the line
of the Moon’s nodes coincides with the line of the
'};zlgles If, therefore, the Moon be new when

is coincidence takes place, her shadow will fall
upon the Earth, and there will be a central eclipse
of the Sun; if full, the Earth’s shadow will fall
upon her, and there will ‘be a total and central
eclipse of the Moon. If the distance of the Moon
from either of her nodes at the time of conjunction
be lgss than 18°, the Sun may be eclipsed, or if
she'be within 12° of her node at the time of oppo-
sition, there may be an' cclipse of the Moon, but
if the Moon’s distance from her node exceed those
limits, there can be neither a solar nor a lunar
eclipse, for when the Moon is more than 18° from
her node at the time of new Moon, her shadow
will generally fall either above or below the Earth,
and when she is more than 1¢° from her node at
the time of full Moon, she is generally too high or
too lqw in her orbit to pass through any part of
the Earth’s shadow. g

These phenomena I shall endeavour to lllustra*e
dmgrun,ﬂ, in which the horizontal plane A B

1 s’ the plane of the ecliptic, and

2 N B ane of the pﬁ?ﬂm gf the Moon.
This la "h’ e plne ofydhe ecliptic,
one & ve and the othér higlf below
that pl s the Moon’s ascending, and ‘g

. + The graduated circle on the
r orbxt serves to show the distance
her ngie at the time of new or

i bered at GVery fifteenth
! gadhe points o o in the line
e nodes, to. 90°.<%lt g B° distance from each

Of the nodes both ways, a small Sun is drawn, ‘and
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at 12° distance, a small Moon, for the purpose of
showing the limits of solar and lunar eclipses. N
and S are the most northerly and southerly points
of the Moon’s orbit. The point or index I is used
for the more readily setting the diagram to any
position on the machine, and also for regulating its
motion round the centre.

These things being premised, let the index be
brought to the first point of Aries, and the line of
the nodes made to coincide with the line of the
syzigies, in such a manner that 8 (commonly
called the Dragon’s Head) may stand over the
index I, and g (or the Dragon’s Tail) may meet
the point D on the plane ¢f the ecliptic. Now, if
while the plane of the’ ecliptic and that of the
Moon’s orbit are in this situation with respect to
each other, the Moon come to her conjunetion
with the Sun, her shadow must fall upen the
Earth, because being in her descending node, or
in that point of her orbit in which she crosses the
plane of the ecliptic from north to south, she is in
the same right line with the, Earth and Sun, and
consequently there willfbe a solar eclipse to all
those places over which the shadow . But,
if instead of conjunction, we sup
come to her olpposition (the re
two planes still remajning.s
a lunar %ph, Mﬁe i
time in Her dscending node, or 14"}
orbit.where she crosses the planfing
from south to northgghe is still in
line with the Earth and Sun, and ‘
undergo.a privation of Jight by passgii

the Earth’s shifidow. ore, thel

to remair:loorl:anﬁy 5 in this paiiof; is. .
orbit while 00| evolving tound the -
Earth, it is obvious that the Sun wov:ﬁ be eclipsed
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at every change, and the Moo at every full ; buf
the Earth being in constant motionvronnd the
Sun, must perform some considerable part of its
rewol:tion while the Moon goes once round the
Earth.

" Let us, therefore, suppose, that while the Moon
is performing ene synodical revolution in her
orbit, the Earth advances about on= sign or 30°
in the ecliptic, and that the line of tue nodes, like
the ’s axis, is constantly carried parallel to
itself round the Sun; in this case, if the Moon
hippen to arrive at her conjunction with the Sun
. just at the time that the Earth enters the si

aurus, it will be seet by the graduated circle
abeve described, that the Moon, at the time of the
conjunction taking place, is about 30° from her
descending node, or about 12° beyond the solar
limit, and 1, therefore, so much depressed below
the plane of the ecliptic, or has so much south
latitade, that her shadow will fall considerably
below the Earth. I, on the contrary, when the
Earth is in this situatipn, the Moon be in opposi-
tion, she will evidently B¢ about 30° from her
scending pode, or about 18° beyond the lupar
erefore, be too far above the plane
|.into any part of the Earth’s
.eclipse of
i case, for of*th oon in
the Earth has advanced 30°
8, or has arrived at the beginni

‘¢ full is about S0’ more, and her
ill gregtee than before, her shadow
¢ £arth new, and




LECTURE XV. 20%

take place, she must, at the time of the said con-
mction, be in the point 8 of her orbit, that is, in
greatest south latitude, or at her greatest dis-
tance below the plane of the ecliptic. But if she
came to her opposition at this time, she must be
in the point N of her orbit, where her latitude or
height above the plane of the ecliptic is greatest.
if the motion of the Earth be continued in the
same manner through the three following signs,
we shall see that the Moon, at each succeeding
conjunction or opposition, as regularly approaches
the right line of the Sun and Earth as she receded
from it during the progress of the Earth through
the three. preeedin%signg; and if a new-Moon
happen when the Earth is in the beginning of
Libra, the Moon will at that time be in her ascend-
ing node, and there will be an eclipse of the
#un : but if the Moon become full while the Earth
is in this situatioz(,l she must at the time !l;e in
her descendin e, and must consequently be
eclipsed by p&gg through the Eattnlf'esq shadoyw.
hen, therefore, the ling of the nagles coincides
with the line of*the sy%igies, the Moon is in her
nodes at new and full, and in her greatest north
and south latitude, or distance from the. eeliptic,
about her quarters ; but when the ling of thé nodes
is at rightyingles to the line of the sy#ifes
in her ' north dfil south latijfde, ot
from the ecliptic, at new and full, asid in thé nodes
<gbout her quarters. Ve e
- It appears, therefore, that if theJjiue of the nodes
mﬁlﬁﬁ always b};arsllel to itself, there-wiiolibe®
just a year between the conjuietions of
JSun and noges. But th -- n= P :x
e .
et ol Yingiot, o IO NRIS o
nutes in a year,'%on ac ’ s
2
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meets the Sun about 19 days sooner every
than on the year preceding. ~If, therefore, the Sun
pass by either of the nodes on any particular day,
he will pass by thie-other node in 173 days afier-
wards, or the same node again in 846 days; thus
the nodes perform a complete revolution in the
ecliptic in about 18 years, 225 days: this period;
however, comprising no complete number of luna-
tions, it cannot become a regular period of eelipses.
But'ii 223 lunations, or in 18 years, 11 days, 7
hours, 42 minutes, 31 seconds, the Sun, Moon,
and Earth return so nearly into the same position
with respeet to each other, that:.the same node;
which at the commenceiept of this period was. in
conjunction with the Sun and. Moon, will be withirs
28 minutes of conjunction with them again’ivhen
this period is completed.
- This period, commenly known by the name of
the Chaldaic period ', because for the discovery gf
it we are indebsted to the Chaldeans, was-employed
by the ancients in predicting the reslitn of eclipses,
which they were enabled to do with tolerable accu-
racy by its assistance; for iffo the mean time of the
milzlleof any eclipse, either solar or lunar, we add
18 years, 11 days, 7 hours, 42 minutes, 31 se-
conis, when lenp-year is four times included, or a
day less, when it occurs five times in that period,
wé shall have the mean tim#¥ of the return of the
same eclipse (that is, of the middle time of it)
tolerably near the truth. A period, howevex,
much more exm}l.mn the preceding, consists of
*6890 mean In s, or 557 Julian. years, 21
oo - P
i pployed by the ancients consistell
43 minut odls ;

EEET -
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18 hours, 4 minutes, 47 seconds; at the en_d.-of
which time, the Moon’s distance from the position
she had relatively to the Sun and Earth at the
beginning of this period, will not exceed one mi-
nute, four seconds. This period may, therefore,
be used in a similar manner to that of the Chaldaic
period, and with much greater accuracy, in deter-
mining the time of future eclipses. The methods
employed. by modern astrenomers in calculating
the recurrence of these phenomena are, however,
much more accurate than the preceding, but are,
at the same time, more laborious, and such ap
could not with propriety be treated of in a course
of lectures professedly desctiptive : those, therefore,
who may feel desirous of further information upon
this interesting subject, are referred to Ferguson's
Astronony, and other works where the method of
salculating eclipses is fully explained.

» The number of eclipses in any year.cannot be
Jess than two, nor more than seven : in the former
case, they will be both solar; and in the latter,
there will be five solar and two lunar, which last
will both be total. There are sometimes six, big
thie more usual number is four; two of the Sun,
and two of the Moon.

- The cause of this affety in the number of
eclipses which may hapgleniin. the course of a year,
is easily accounted for. Although the Sun usu-
"ally passes by both the nodes only once & year,
making four eclipses, yet, if he pass by one of the
nodes about the beginning of the year, he may
paggithe same node again a listle before the end of
the year; because, in consequence of the retrograde
motion of the Moon’s noggialready taken. uotice
df, the Sun will come to thém 378 days
after the other, and he niay, eforg, déturn to
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six eclipses. Again, since twelve synodical revo-
lutions, or 8 b days from the eclipse in the begin-
ning of the y¥r, may produce a new Moon before
the conclusion of ity:and since this new Moon may
fall within the solar limit, it is possible for seven
eclipses to happen within the year. When the
Moon changes in either of her nodes, she cannot
come within the lunar limit at the next full, and
therefore she cannot be eclipsed ; and in ‘4ix lunar
months afterwards she will change near the othes
node. In this case there cannot be more than two
eclipses in the year, and both of the Sun. The
ecliptic limits of the Sun being greater than those
of the Moon, solar eclipses are more frequent than
lunar ones; yet we have more visible eclipses of
the Moon than of the Sun, because the former are
visible from all parts of that hemisphere of the
Earth which is turned towards her; but the latter
(as will be shown hereafter) are only seen from
that small portion of the hemisphere next him
whereon the Moon’s shadow falls, and, therefore,
there are always more lunar than solar eclipses
visible at any given place. ‘
. It is worthy of remark, that eclipses of the
Sun always begin on the western limb of that
luminaxy, and end on’ii}éé¢ eastern; but all lunar
eclipses come in at thé eastern limb, and go off at
the western. ,

In estimating the quantity of an eclipse either.of
the Sun or Moon, the disc of the body eclipsed is
supposed by astronomers to be divided into twelve

~equal parts, called digits; and as many of these
parts as are obscured, so many digits is the Sun

% diaving thus takelliie view of the doce
trine of eclipses, both’ and Junar, I shall pro-
‘peed to pomt out & few of the peculiarities of
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“each, by describing ‘these phenomena separatel
incing with the eclipses of the Sy ¥

ese, we have seen, are caused ®y the inter-
vention of the Moon betw San and Earth,
Now, the Moon’s orbit ki@ elliptical, and the

Earth being plaged in one’of the foci of the ellipse,
it is obvious, that the distance of the Moon from
the Earth must.wiry in every different point of her
orbit. When the Moon is at her mean distance
from the Eawth, her apparent diameter is exactly
equal to that of the Sun; when the Moon’s dis-
tance from the Earth is greater than her mean dis-
tance, the apparent diameter of the Sun exceeds
that of the Moon ; but when the distance of the
latter from the Earth'is less than her mean dis-
tance, her apparent diameter exceeds that of the
Sun. When, therefore, the Moon changes about
her node, and at her mean distance from t.ﬁe‘ Earth,
there will be a total eclipse of ‘the Sun to that
small spat whereon her shadow fulls. But if the
Moon’s distance from the Earth, when she changes
in her node, e greater than her mean distance,
her apparent diameter subtending a less .angle
thau:that of the Sun, and her shadow terminating
:im a.poipt at some distance from the Earth, she
: ;his-whole disc from any part of the
Jmth’s surface; but to those places .over which
the paipt of her conical shadow passes, thereewill
» wheat is called an anaular ! eclipse; that is, the
#dge Bt the Sun will appear like a luminous ring
surrounding the bedy: of -the Moon. If the dis-
. S thispFarth be less than its
~muitan. distance whea thdiChaunge takes place, her
apparent diameter being gﬁu‘ than that of the
Sun, there will be a total eelipse of that luminary;

- . 1 From araulus, a ring. B
N 4
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and s the Moon’s disc wilk not only cover that of
the Sun, beg.will moreover ‘some distance
beyond it, tHtotal darknéss‘wm hst for some few
mimates. As, h r, the Moow’s apparent dia-
meter when larg s that of the Sun when
least, by only 2 mi ' 5 secondd of'a degree, the
total darkness can- tﬁﬁrer continue longer than #
minates, Gaeeoﬁds, which is Mm the Moon
takes to move througl that
* Fhe Moon's dark shadow wbelr the Sun is
farthest from the ®arth, and she is nearest to it,
never extends over a circular r& wpon the
Earth’s surface exceeffing 180 milés in diameter ;
but her partinl shadow o¢ penumbra %ay then
cover a circular space 4900 miln in diameter
within every part of which the Sun is seen more
or less eclipsed, as the places are movieor figss con-
tiguous o the centre of this shadow. No solar
eclipse, therefore, is universal, or visible throughe
out the whole of that hemlspbere of the Farth
which is turned towards the Sun st the time.
When the new Moon or conjunction
exactly in the node, the shadow (if it fout
Earth) and the penumbra are exactly ‘
thie instant of the conjunction takmg phaoi, Yikarilh:
the dxis, of the shadow at that time-pess ‘
a'ecentre of the Earth; but" if :the+ a6
doe. not happen precnsely in the node,
does not pass through the centre, apd, tk
the conical shadow is cut obhqnely by the’§
m:{gce, and the section e :
very little from a trie

sQn, even w

siode, the brms only cu-cular at the mm

of the i at e otlier instant it falls obe
liquely, aﬁ rved, becomes elliptical,

and the more 80 as the distance from the middle
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of the general eclifse, either before or afier, -is
ter. It is also to be observed, that the greater
obliquity of the penumbra, thélarger will be
the portion of the Earth’s surface invelved by it. -
=" An eclipse of the Sun does mot present the same
ce to all parts of ‘the, Earth where it is
~isible at the same time #38his is owing to the
parallax of the Moon, which causes her to appear
at the same instant of time in different points of
the heavens, as seen from different parts of the
Earth, while the parallax of the Sun is too small
to produce a similar effect with regard to that
Juminary: thus, to:a spectator who has the Moon
in his horizog gt any given time, she appears in
the heavens gh:the distance of about n degree, or
twice the Sun’s appaient diameter, from the place
in which she is seen by a spectator who has her in
his zenith: whereas the Sun’s parallax.is#o incon-
siderable, that at any given moment of time he is
.séen in the same pomt of the heavens by all the
inhabitants of thag hemisphere of the Earth which
18 enlightened by his rays: hence it happens that
an eclipse of the Sun is t8tal in onespart .of the
Earth, and partial at another, at the wneﬁnie;
while to those who live in a still more distant part
of the .wgﬁfxtened hemisphere the Sun.ds nos
gehipsed at all. . This is also the reason’why the
nning, middle, and end of a sglar eclipse are

» mt).'tn " .g.‘.'.nt p]wes' N
- A golar eclipse does net occur at the same ‘tinie

in. 3 places oh the Earth’s surface 46 whi
promes visible, :“I:u?m .more u:&tzgﬂ:
wesiefn parts, an $o.10e.ooptim ; the dis
fign %ﬁ:fxn’s shadow, jn Pissbis wve d:hﬁ
M p ' ‘ . . :“ .
rally from west to easts. !“&
thenorthwhenthe% hir adcend- -
N§°
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ing node, and a little towards’ the south when she
is in or near der descending node.

The ity with which the Moon’s shadow
traverses the Earth’s surface is equal to that of the
Moon’s motion from the Sun. Now, this motion
is about 30 minu 0 seconds of a degree per
hour, at a mean rai€;fwhich is the portion of the
lunar orbit through which the shado Ensnu in
‘that time. But the semidiameter of’ e lunar
orbit is about 60 semidiameters of the Earth;
‘hence one minute of the Moon’s orbit is equal to
'60 minutes, or one degree of a great circle of
ithe Earth. Now, a degree containing 60 geogra-
.phical, or 69} I*]nglifll'fre miles, 30§ degrees are
equal to about 1830 geographical, §¢'2120 English
miles, which is the space the shadow describes in
rone hour.

In order to render the foregoing observations
zelating to solar eclipses better understood, let 8,
fig. 34, be the Sun, E the Earth, and M the
.Moon revolving in her orbit in the direction A M
P. The dark space s, comprehended between the
lines ¢ 12, d.12, is the ‘conical shadow of theMoon
into which nerié of the direct rays of the Sun can

¢a3 and the fainter shade P P, contained
Ktw i the lines ¢ @, d b, will be the Penumbra of
the ‘Mdon; which becomes gradually darker i
thope * parts which are nearer to the conical she-
dow; those ggts about ¢ 12, d 12, receiving very
little of the Sun’s light, while the external-portions
about c a,’d b, experience scarcely any diminutioh
gf tifs influence. In this figure, the Moon is
posed to be it hermean distancé from the Earth,
jot e “the Earth’s suffipe. Had
6l in her 6, or in that point of
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would (as Las been Mready remarked) have covered
a circular space 180 wiles in diameter, and to all
places within that space there woukd have been a
total eclipse, as A, ﬁg. 85. If the Mogn had been
in her apogee, or in that part of her orbit where she
is farthegt from the Earth, her shadow would have
ended i a point dbout &g, 3¢, and the Sun
would have been annularly iﬁsed, asat B, fig. 35,
The penugibra, therefore, i obviously a portion of
a cone, whose vertex is X, fig. 34, and whose base
covers on the Earth’s surface a circular space a
O & only one half of which is visible in the figure,
the other half being supposed to be hid by the
convexity of the Earth E,

Now, let the Sun’se diameter B C be divided
into 12 equal gnrts for the 12 digits, also, let the
space 12 O be divided into a like number of equal
parts, and from the centre 12, describe 11 con-
centric circles, marked 11, 10, 9, 8, 7, 6, &c. in
the figure. Then to a spectator on the Earth at
b, the eastern limb d of the Moon will seem to
touch the western limb B of the Sun, and the
eclipse will commence at the place 4, appearing as
at A, fig. 36; but at the same instant an observer
at a, fig"34, will see the western limb ¢ of the
Moon just leaving the eastern limb C of the Sun,
as at A, fig. 6. To the inhabitants of the Earth
who live on the circle marked 1, fig. 34, the Moon
will at the same time obscure'one t .ol the
Sun’s dige, and he will appear one _dight eclipsed,
as at B, or B, fig. 86, according to #he situatign
. of the observer on that circle. To those whofive
@R the circle marked £, fig. $4, the Moon cuts off
two.twelfth parts of the Sun, as at4 0 C', fig. 96,

These who live on the cincle
will have the Sun eclipsed three di
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where the Sun is centrally axtd totally eclipsed, ss
2t N, fig. 36. .
. ltis obvieus, from fig. 34, that the Sun is to-
tally or ‘tentrally eclipsed to but a very small por-
tign of the Earth at any time, the conical shadow
of the Moon covering so small a part of the Earth’s
surface; while the pattial eclifise, or that ih which
a part only of the Suf'is obscured, is visible to all
_ places over which the' penumbra eftends. It
is mlso evident, that the eclipse is invisible to the
large space D D), because from that part of the
Earth’s surface nc part of the Sun is hid by the
' interposition of the Moon. y
The Earth’s rotation pn its axis bei;gperformed
nearly in the same directica as the Moon moves
in her orbit, to a spectator on,'the Earth the
Moon’s motion will appear so much slower than
it would do if he were to view it from a point at
rest, as his own motion amounts to; but the
Moon’s motion in her orbit is so much swifter than
that of the Earth on its axis, that, although eclipses
of the Sun are of somewhat longer duration, on
account of the Earth’s. rotation, yet the time of
total darkness can never amount to five mifutes
of an hour. ) ' ;
. 'When the Moon changes in her node, the cen~
sre of tire Moon’s shadow will pass over the centre
of the Earth, and, therefore, the whole penumbra

will- fall ‘'upon the Earth’s su _When the
Moon chinges about six degrees froin the node,
almost theWhole of the penumbra falls upon the

poithern hemisphere: of the Earth, if the Moon .
fave north latitade, but upon the southern hemib
re, if. her [atitude be south. When the Moost

12° thé node, if she be then novth

of the ; rather, more than a third part of the
poimbra.will fall upou theggorthesgipart of (b
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Earth; and a like paftion of the penumbre will fall
upon the southern hemisphere, if she be south of
the ecliptic at the time of the change taking place.
Lastly, when the Moon, having north
changes 17 or 18 degrees from the node, the
penumbra will just touch the northern part of
the Earth’s surface® near north s but if
her latitude be south, the’pégumbra will just touch
tb«;. southern part of the#Earth near the south
€. -
poHavin conclgded my observations upon solar
eclipses, ‘i'shall proceed to spesk of eclipses of the ,
Moon, which being a much less intricate subject
than ti .- former, may, afier what fhas been saoldf
respecting th benuwena in a former
this lectu%e, li:%gcussed in a few words. past &

It has already been shown, that an eclipse of
the Moon can never happen bat when she is'in
opposition to the Sun, or at the time of full Mogn,
‘We have aiso seen, that, on acconnt of the inclina-
tion of the Moon’s orbit to the plane of the eclip-
tic, and the retrograde motion of her podes, we
Rave not an eclipse of thee Moon at every oppo-
sitioh, and that, in point of fact, these plienomena .
are compératively ofvery rare occurrence, becguse
they can only take place when the Moon hdppens
to be full, either in or very near to one of her
nodes. Farther to illustrate this subject, let m,_
fig. 34, (where S is the Sun, and E thé’ ‘he

Moon ii opposition to the Sun, - Wihen the
; 00[_\;: eastern liml?_.r elnpt:::l the H ‘h
at v, she begins to be ecli , and she is, totally
eclipsed vl:lelgeu her western limb y touches the samp
point of the shadow. At m she is.cen
eclipsed, being in the middle of ‘the, Earth’s shs~
dow, and the total eclipse,continues till-her east
lisnb & enagffe frogyshe Earth’s abadow at w;-
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when her western limb touches the same point,
the eclipse altogether ends.

When the Moon goes through the centre of
the Earth’s shadow, she is exactly in her node,
or has no latitude when she comes to her oppo-
sition. When the Moon is about six degrees from
her node at the time of opposition, she will still
pass through the Earth’s shadow, and be totally
eclipsed in it. Whet she is full at 12° from her
node, she just touches the Earth’s shadow, but
without entering into it. When, therefore, an
eclipse of the Moon is both total and central, its
duration is the longest possible, namely, about 3
hours, 57 minutes, 6 seconds, from the beginning
to the end, when the Moon is in apogee, or at her

eatest distance from the Earth; and about 8
E&rmrs, 87 minutes, 26 seconds, when she is in
perigee, or nearest the Earth. The diameter of
the Moon, like that of the Sun, is supposed to be
divided into 12 equal parts, called digits; and when
she is said to be any number of §i its eclipsed

ter than 12, it is to be understood, that she is
wholly immersed in tle Earth’s shadow, which
extends so many digits beyond her limb as the
number of digits she is said to be eclipsed exceeds
12. The term degrees is now sometimes substi-
tuted for digits, each deﬁlree being subdivided into
.60 equal parts, called minutes; and thus the quan-
tity of an eclipse is, by modern asgronomers, fre-
quently expressed in degrees and minutes, .

The Moon, even when tatally immersed in the
Earth’s shadow, is sometimes seen of a dusky-red
Sopper colour. That the Moon is at all visible in
this situation, may, doubtless, be attributed to the
refractive power of the Earth’s atmosphere, which

being greater near the Earth’s su on account
6fit§increued density, than st %ﬁdmﬂe
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height above it, bends or refracts those rays of the
Sun which pass nearest the Earth, in such a man-
ner, that some of them falling on the Moon, ren-
der her visible; while those rays which pass through
the higher parts of the atmosphere, are either
refracted in a less degree, or suffer no refraction
at all. The red colour, therefore, which the Moon
assumes, may be easily accounted for, from her
being enlightened by thosé rays only which pass
through the densest part of the Earth’s atmo-
sphere, aud in which the red or least refrangible
rays must, of course, predominate ; ghe violet, or
most refrangible rays, being obstructed in their
passage through the resisting medium, which the
g‘enter momentum of ¢he red rays easily enables
em to penetrate. ,

If the Moon pass in such a manner before any
planet or fixed star as to-hide it from any part of
the Earth, that planet or star is said to saffer an
occultation. It is evident, therefore, that all' the
planets, and many of the fixed stars, namely, those
which lie in the lelioon’s path, are liable to be thus
obscured. 'When the longitude of the Moon is
| to that of any fixed star, an occultation will

take place to some parts of the Earth, if the differ-
ence of latitude between the Moon and star be
less than 57': if it exceed 1° 87), no octultation
can happen. All those stars whose latitudes do
not exceed 6° 86, may undergo an occultation, as
viewed from some parts of the Earth; and those
stars,  whose latitudes north or south do not ex-
ceed:4° 82, may suffer an occultation from any
part of the Fnti’s surface. “
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LECTURE XVL

PHENOMENA OF THE SECONDARY PLANETS, AS
SEEN FROM THE EARTH, CONCLUDED. — OF THE
TIDES. — PHENOMENA OF JUPITER’S SATEL-
LITES, OF THE SATELLITES AND RING OF SA-
" TURN, AND OF THE SATELLITES OF URANUS,

The word tide is used to denote that motion of
the water in the seas and-rivers, by which they
alternately rise and fall twice in the course of about
twenty-four hours and three quarters. The tides,
therefore, may be more properly considered as
terrestrial than lunar phenomena: as, however,
for reasons already given,® they could not with
propriety be described among the phenomena con-
mected with our Earth, I trust that the Moon
being (as will hereaftec be shown) the principal
agent employed in producing them will prove a
sufficient apology for introducing the subject in
this place.

That these phenomena were not altogether un-
known to the ancients, is sufficiently obvious from
the allusion made by Homer to the flux and reflux
of the waters in his description of the Charybdis;
and both Herodotus and Diodorus Siculus {men-
tion the daily rise and fall of the water in the
Arabian Gulf or Red Sea, the latter describing
it as a great and rapid tide. Pytheas of Mar-
seilles, who lived about the time of Alexander the

- S.Bee lecture 13, page 351,
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Grent, is the first person who is recorded as hav-
ing ascribed this motion of the waters to the in-
fluence of the Moon. It appears, however, from
Quintus Curtiug who describes the_amazement of
Alexander’s solZiers upon seeing their vessels left
dry upon the sand on the coast of India, that these
Khenomenn could not have been very generally
nown among the Greeks. Among the Roman
poets, frequent ‘mention is made of the tides, a
conviucing proof that they were well known to
that people ; and Pliny, one of the most learned
Roman writers, expressly ascribes them to the
attraction of the Sun and Moon. The celebrated
Kepler is, however, generhlly allowed the merit of
having first assigned the true physical canse of the
flux and reflux of the waters of this terraqueous
globe. That these phenomena are the effect of
the attraction of the Sun and Moon exerted upon
the widely-extended waters of the ocean, dias since
been fully demonstrated by Sir Isaac Newton, who
has shown, upon the principle of universal gravi-
tailén, that the effects which are observed to take
place are precisely such as- ought to result from
the actioh of those bodies. ’lghe theory of the
tides has, however, subsequently received consider-
able improvement from the labours of Maclaurin,
D. Beruouilli, and others, and finally of La Place.
That the tides are principally under the influ-
ence of the Moon, is obvious from their always
being found to correspond to her motions, and to
have a particular reference to her phases, and the
position she is i with rd to the Earth. We
may, therefore, in the first place, consider the
effect of the Moon alone in producing their most
general phenomena; namely, that alternate ele-
vation and depression of the surface .of the ocean
which are found to take place twice i the course of a
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lunar day, or sbout 24 hours'and 50 minutes. As,
however, the popular method of illustrating these
phenomena does not appear to me to be such as to
render this interesting subject sufficiently intelligible
for m:::ly through whose hands this work may be
expected to pass, I shall venture upon such a de-
viation from it as seems to me more likely to be
generally understood.

Let ABC, fig. 87, -be three bodies of cqual
magnitudes, placed at equal distances from one
another, but at unequal distances from M, which
we shall consider as the attracting body, it being
aznitc unnecessary, in this case, to take notice of

e reciprocal attraction exerted by the bodies
A B Cupon M. If the bodies A, B, and C, be
all equally attracted by the body M, then, it is
evident, they will all move equally fast towards it,
and their mutual distances from one another will
continue the same ; but if these bodics be unequally
attracted by M, then that body which is most
powerfully attracted will move the fastest, and it
distance from the other bodies will be altered.
Now, it has been already observed'!, that the
power of gravity decreases as the square of the
distance increases. By virtue of this law of gravi-
tation, therefore, the body M will attract A more
strongly than it does B, and consequently the
distance between A and B will be increased. In
like manner, B being more strongly attracted than
C, the distance between B and C will also be in-
creased : thus, suppose, by’ the attraction of M,
A moves to a, B to b, and C to ¢; the distance
a b is greater than A B; and the distance b ¢ is
likewise greater than the distance B C, but less
than ¢ & Again, let us suppose two other bodies

1 See lecture 5, paga 8s, -
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D and E, fig. 38, to be at the same distance from
B as A and C, but at right angles to the two
latter. The bodies D and E being nearly at the
same distance from M as B is, will not recede
from each other, but will rather approach nearer
to B, by the oblique attraction of M ; while, there-
fore, the bodies A, B, and C, move respectively to
a, b, and ¢, the bodies D, and E, will move respec-
tively to d, and ¢, the distance from B, decreasing
as they approach M. Now, instead of four bodies,
placed at equal distances about the central body
B, lct us suppose it to be surrounded by a number
of bodies, forming a flexible ring, A C D E,
fig. 39, and that the whole is attracted by the body
M. From what has alteady been said, it is ob-
vious, that the parts at A of the ring, being nearest
to the attracting body, will be more powerfully
acted upon than the central body B; the former
will therefore advance from A to a, while the
latter will only move from Bto 4; and the parts of
the flexible ring at C being still more remote from
M than the central body B, will advance only
from C to c: as, thereforé, the whole gravitates
toward M, the parts of the ring about A and C
have their distance from the central body B in-
creased ; but the parts, D and E, being equally
acted upon by the oblique attraction of ‘M, and
being nearly at the same distance from M thgt B
is, will approach nearer to B, and the flexible ring
will assume the form of an ellipse, a d ¢ ¢, whose
reater axis a b ¢ produced, would pass through
Ed, and its shorter axis d b ¢ will terminate inﬁg
points d and e,

If, instead of being surrounded by a flexible
ring, we suppose the central body to be covered
with a fluid of equal density, so as to form a fluid
sphere about B, am sphere, by the gravitation of
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the fluid to M, would, in its approach to that body,
be changed to an elliptic spheroid, having its axis
directed towards M.

Finally, let us imagine the Earth to consist of a
spherical nucleus, entirely covered by the waters
of the ocean, and the Moon to be the attracting
body; then, if the Moon act upon the Earth ac-
cording to the principles already laid dawn, the
waters will be accumulated immediately below her,
and on the opposite side of the Earth, and de-

ressed at all places, 90° from these points.

ence, the Earth will be thereby changed to an
oblong clliptic spheroid, whose axis will be con-
stantly directed towards"the Moon; and these ac-
cumulated masses of waters will always follow the
Moon in her apparent daily revolution about the
Earth, producing alternately flood and ebb tide at
all places on the Earth’s surfuce except at the ex-
tremities of their axis of rotation ; and, since the
apparent revolution of the Moon is performed
once in about 24 hours, 48 minutes, there will be
two tides of flood and two of ebb in that time.

Now, although the Larth is not a sphere, but a
spheroid, yet it differs so little from a sphere, that
the change produced on its real spheroidal figure
is very nearly the same as would take place in a
true sphiere.

The explanation now given of the tides sup-
poses the Earth to be constantly gravitating to-
wards the Moon; but as the Earth revolves round
the Sun, it must gravitate towards him also; it
may, theréfore, be very reasonably asked, how
this can possibly be the case when the Moon is
full, or in opposition to the Sun? In order to ex-
plain this difficulty, it may be necessary to observe,
that as the power of gravity combined with the
sentrifugal force carries the Earth round in its
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orbit, and prevents it from falling to the Sun, so
do these united powers also carry that lumina
round in an orbit, and prevent it from falling to
the Earth ; and that point between the centre of
thesetwobodies round which they mutually revolve,
is called their common centre of gravity, and is as
much nearer to the Sun than it is to the Earth, as
the quantity of matter contained in the former
excceds that contained in the latter, The Earth,
therefore, being so very small in comparison with
the Sun, is carried round him in an orbit propor-
tionably larger than that in which he revolves; their
common centre of gravity falling entirely within
the body of the Sun.'  *

T'he same law holds ‘between the Sun and the
other planets, and also between the primary
plunets and their respective satellites or moons:
our Earth and Moon, therefore, being subject tuv this
law, must, in like manner, revolve round their com-
mon centre of gravity; and as the Earth is supposed
to contain about 40 times the quantity of matter
which is contained in the Moon, the distance of
this point from the Eartl’s centre towards the
Moon will be less than the larth’s diameter.

These things being understood, the true cause
of the rise of the waters immediately below the
Moon, and on the opposite side of the Earth, may
be easily explained. Let A D CE, fig. 404be
the Earth, and O the common centre of sravity of
the Earth and Moon, round which the Earth will
revolve in the same manner as if it were acted
upon by an attracting body placed in that centre.,
Now, all motion being naturally rectilinear, let
A A, B B, C C/, be the directions in which the
points A B C would respectively move if not

1 The Moon is, in this case, supposed to be removed oud
of the system. .
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acted upon by any central body ; also, let B & be
the orbit into which the centre of the Earth is
deflected from its tangential direction B B'.  Since
the attractive force exerted npon the waters at A
is as much greater than that which influences the
centre of the Earth at B, as the squarc of O A is
less than the square of O B, they must be de-
flected farther from their tangential direction A A’
than the centre B of the Larth, and instead of
describing the orbit A a, they will deseribe the
orbit A . In the same manner, the waters at C
being acted upon by a force as much less than that
whici influences the centre of the Earth, as the
square of O C is greatér than the square of O B,
they cannot be deflected as much from their tan-
iential direction C C' as the centre B of the

‘arth, and will, therefore, describe the orbit C z,
instead of the orbit C ¢. Ience an accumulation
of waters takes place at the point x, in conse-
quence of their rising towards the Moon ; and a
similar accumulation tukes place on the oppo-
site side of the Earth at z, in consequence of
of their being as it were left behiad, or being less
deflected than those about the other parts of the
Earth, from that rectilinear direction in which all
bodies,, if acted upon by a projectile force alone,
will move ; while the waters about d b ¢, or 90°
distant from the highest elevations, will sink, both
in consequence of their own weight being increased,
and because some part of the waters of those
places must be drawn off to supply the accumu-
Jations about z and z ; the sea, therefore, (sup-
posed to cover the whole Earth) will become an
oval, or oblong spheroid, d z e z, whose axis pro-
duced passes through the Moon; and, therefore,
if the Moon had no real motion of her own in her
orbit, but only an apparent motion arising from
the rotation of the Earth about its axis, this sphe-
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roid, always directed.townrds the Moon, and fol-
lowing her in her apparent revolution about the
Earth, would cause two floods and two ebbs in
twenty-four hours; but, because she has a pro-
per motion of her own, from west to east in her
orbit, she comes about three-quarters of an hour
later to the meridian of any place than she did
the day before, and therefore makes two tides
of flood, and two of ebb, in about 24 hours, 48
minutes.

We have hitherto considered the Moon as the
only agent concerned in producing the tides. The
Sun, however, on account of his great magnitude,
exerts considerable influenée on the waters of the
ocean, and has, thereforé, a very sensible effect in
producing these phenomena ; althou, h, by reason
of the very small proportion that the%‘)arth’s semi-
diameter bears to the immense distance of the Sun
from the Earth’s centre, his disturbing force, com-
pared with that of the Moon, is only in the ratio
oi 2 to 5. To exemplify this, let us still su
pose the Earth’s surface to be covered by the
ocean, and let A b C d, fig.41, be a section of the
whole by a plane passing through the Earth’s cen-
tre ; also, let S. be the Sun, and M and m the
Moon at her full and change. If the waters were
acted upon by the Moon only, either at M or m,
the watery spheroid would assume the figgre
abcd, but, in consequence of the superadded
effect of the Sun’s attraction, the longest dinmeter
of the spheroid is still more elongated, and the
shorter fiameter compressed, wherebB the actual,
figure of the ocean becomes A B C D, which, by
the Earth’s revolution on her axis, produces what
are called the spring-tides.

When the Moon is in quadrature, the Sun and
Moon acting at right angles to each other, their
effects are completely opposed, and the flux and
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reflux, instead of being augmented, will be dimi.
nished, and these arc called the neap-tides. 'Thus,
let @ b ¢ d, fig. 42, be the figure the waters would
bave from the action of the Moon alone at M;
then, if we supposc them to be also disturbed by
the attraction of the Sun at S, those parts of the
spheroid about 4 and d will be raised to B and D,
while the waters which were elevated 10 @ and ¢
will be depressed to A and C, and the figure of
the ocean will be changed to ABCD. Now, if
the force of the Sun’s attraction upon the waters
were equal to that of the Moon, it is obvious, that
they would be equally high at all the four points
A BCD: this, however, not being the case, but
the waters under the Mooa being always found to
rise above, while those under the Sun are always
found to sink below the general level, affords a
clear proof that the Moon’s influence in raising
the tides exceeds that of the Sun.

The effect produced by the gravitation of the
waters towamls the Sun being so small in com-
parison of that produced by their gravitation to-
wards the Moon, the solar tides may be regarded
as merely increasing or diminishing the lunar
tides; the change, therefore, effected by the joint
action of these two disturbing forces on any part
of the ocean, may be considered as the sum or the
difference of the changes which would have been
produced by the action of each separately. The
two spheroids, which the separate action of the
Sun and Moon would have generated, aré, conse-

uently, resolved inta one figure, differing in form

* both ; the most elevated parts of which figure

*follow the Moon in her apparent daily revolution,

in consequence of her beihg the more powerful of
the disturbing forces. .

. According to what has hitherto been said, the

tides ought to be highest immediately under the
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Moon, and on the opposite side of the Earth, yet,
observation proves that the time of high water at
any place never happens at the instant of the
Moon’s passing the meridian of that place, but,
mostly, some hours later. Neither do the spring
and neap tides take place when the Moon is in
syzigy, or in quadrature, but generally a few days
afterwards. 'This difficulty admits of a very easy
solution ; for the Moon’s attraction having com-
municated a motion of ascent to the waters before
her arrival at the meridian, they would continue
to rise, even were her influence to cease altogether
when she was past that meridian; much more,
therefore, must they do so when the attraction is
only triflingly diminished, as a small impulse given
to a body already in motion, will cause it to move
farther than it otherwise would have done. For
the same reason, we find, that aithough the Earth’s
orbit is elliptical, and the Earth is m perihelion,
or nearest the Sun in January, yet, we have not
the highest tides at that time, but some weeks
later.  Guuerally, however,, the tides are highest
a little before the vernal equinox, and a little after
the autumual.  As, therefore, the Moon's orbit is
also elliptical, when the Moon is in perigee or
nearest the Earth, at the time of her conjunction
or opposition, in February and March, or in Sep-
tember and October, the tides will be very con-
siderably augmented. .

Huving explained at considerable lengili, the
theory of the tides in general, it will be proper to
consider these phenomena under certain modifi- »
cations, principally arising from the oblit}\udity of
the ecliptic, and the igclination of the Moon’s
orbit to the plane of the equator.

‘When the Moon is vertical to the equator, the
tide that happens when she is above the horizon is

o
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of the same height with the next which takes place
when she is below it. But as the Moon declines
from the equator, one of the elevations of the
water constantly following the Moon, while the
other recedes from the equator on the’contrary
side, the former will describe nearly that parallcl
to which she is vertical, and the latter will describe
a parallel as far distant from the equator in the
opposite hemisphere. Thus, the two elevations
describe parallels of equal latitudes, but of differ-
ent denominations. Now, if we suppose any place
to be situated in north latitude, it is obvious that
the elevation which moyes in the northern hemi-
sphere, will come nearey, to that place than the
elevation which describes a parallel in the southern
hemisphere, and since it is high water at any
place when either of these elevations passes the
meridian of that place, it follows, that the tide
produced by one of these elevations, must differ in
magnitude from that produced by the other, and
that the highest tide will be caused by that eleva-
tion which moves in the same hemisphere in which
g is situated. ~ When, therefore, the
nifl the place of observation are both on
the sag %388 equator, theday tide, or that

whichtak i Wile. the Moon is above the
horizon: of g place; exceeds that which- is pro-
dticed when shé @ below it ; because the elevation

which immediately follows the Moon, moves on
the saipe -side of the equator with the place.
When the“Moon and the place of observation arc
on.qpposite, sides ‘of . the equator, the elevation
whitieis o to th&Moon moves on the samc
-gitle with the pléce, Went}y, the greater tide is
produced when the Js below thehorizon, and
the smaller happens when she is above it. The dif-
ference between the two tides ought, therefore, to
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increase with the distance of the disturbing forces
from the equator, and to be greatest when the
Sun and Moon are in the tropics, because the two
elevations then describe the two circles which are
most distant from each other of any they can
describe ; and observation shows, that in summer
the evening tides are higher than the morning, but
in winter, the morning tides are higher than the
evening.

‘We have hitherto supposed the surface of the
globe to be entirely covered with water, this, how-
ever, not being the case, the doctrine of the tides
as now explained, can a¢ best only apply to the
tides in the ocean, nog will they be found even
then altogether to accord with the general theory,
since to produce the daily vicissitude of high and
low water, would require a longitudinal extent of at
least a quadrant of the ellipse. All the phenomena,
therefore, which have been described, will be greatly
modified by the direction of the shores, the extent
ot the seas, the width and direction of the channels
through which the waters gass, the setting of cur-
rents, by winds, and other local circumstances.

In confined seas, such as the Caspian, the Eux-~
ine, the Black<Sea, the Baltic, and also in Jakes of
great magnitude, such as those in North America,
the rise of the waters is so trifliig as to be almost
insensible, and even in the Mediterranean, althotgh
a sea of considerable extent, the elevation is very
small, owing to the narrowness of the passage by
which it communicates with the ocean.

Having shown what ought to be the generab
effects produced by the gravitation of the waters
of the ocean to the Sug apd Moon, I shall forbear
any farther remarks upon. the tides in particular
places, which, although they are sometimes found
to be such as even to seem to contradict the gene-

o2
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ral theory here laid down, will, upon a minute
investigation, be found to be perfectly conformable
to that theory, the apparent irregularities being
produced by some of those modifying circum-
stances already alluded to.

The Satellites of Jupiter,

it has already been observed, are four in number.
Their mean distances from the centre of their pri-
mary in English miles, and the times of their
periodical revolutions, have been given in a former
lecture. ! ,

These bodies always appear nearly in a line
parallel to Jupiter’s belts, and passing through his
centre, but are not constantly seen in the order of
their respective distances from that planet. Their
general phenomena greatly resemble those of the
inferior planets, Mercury and Venus, being some-
times direct, sometimes retrograde, and sometimes
stationary. These phenomena will be understood
from fig. 48, in which, let I be Jupiter, and the
circle ¢ W C E, the orbit in which one of the
satellites of Jupiter revolves round that planet.
Suppose the satellite to be in the- point ¢ of its
orbit, in inferior conjunction with Jupiter, as seen
by a spectator on the Earth at O. While the
safellite moves from ¢ to W, through the western
inferior quadrant of its orbit, it will appear to
move in a retrograde direction along theline I W,
receding from its primary till it comes to W,

' where it will be stationary at its greatest western
elongation from Jupiter. = Whilethe satellite moves
from W to C, throdjifthe western superior qua-
drant of its orbig, it fppears to return towards

mm.wgmes 69 and 70,
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Jupiter, with a direct motion from W to I, and
will overtake him at C, when it will be in superior
conjunction with him. The satellite will now
appear to recede from Jupiter eastwards, and
while ii is really going through the eastern supe-
rior quadrant C E of its orbit, will seem to move
along the line I E, its motion still continuing direct,
and at E, having attained its greatest eastern elong-
ation, it will again appear stationary. Leaving
its apparent motion becomes a second time retro-
grade, and while the satellite proceeds through
the eastern inferior quadrant E ¢ of its orbit, it
appears, as viewed from the Earth, to approach
the planet moving along the line E I, and will be
again in inferior conjunction when it reaches c.
The three inferior satellites exhibit similar phe-
nomena. It must, however, be observed, that a
satellite will not appear to describe a straight line,
unless the plane of itg orbit extended pass through
the eye of the observer: at all other times it will
appear to describe an ellipse, as in fig. 44. Now
the orbits of these satellitgs being inclined to ‘;23
ecliptic, the plane of any one of them exten
would intersect that circle in two opposite points,
which are sometimes called the satellite’s geocentric
nodes. 'When, thereforegjiae Earth is in ejther of
the geocentric nodes of my,“mtellite, that satellite
will appear to describe a ::.Eht line, but in every
other situation of the Earth, the apparent path of
the satellite will be an ellipse, the width of which
will increase with the distance of the Earth from
the geocentric nodes of the satellite, but can nevere
be very considerable, becayge the angles formed
by the orbits of the M%itb the ecliptic are
but very small. R .

In order to determine whether a satellite be at
any time in its superior or inferior semicircle, it is

o3
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only requisite to notice the direction of its motion,
cither with regurd to the signs of the ecliptic, or
with regard to Jupiter. A satellite is in its supe-
rior semicircle when its motion is direct, and in
its inferior semicircle when its apparent motion is
retrograde. Otherwise, when a satellite is seen to
the west, or on the right of Jupiter, approaching
him; or to the east, or on the left of Jupiter, re-
ceding from him, it is in its superior semicircle ;
and it is iu its inferior semicircle when it is seen
to the east of Jupiter, advancing towards him, or
to the west, receding from him. In both scini.
circles, a satellite appears to move faster ns it ap-
proaches the centre of its_primary, and slower as
it recedes from jit. -

By reason of the immense distanee of Jupiter
and his satellites from us, the latter, even at their
greatest elongations, always appear very ncar to
their primary. Jupiter being supposed at his
mean distance from the Earth, the greatest angular
distance of his first satellite is 1 minute, 51 seconds,

thirds ; of his second, 2 minutes, 56 seconds ; of

is third, 4 minutes, 42 seconds; and of his fourth,
8 ‘minutes, 16 seconds.

In going from east tg west through their infe-
rior semicircle, the snﬁl of Jupiter sometimes
appear to pass over higfdisc like luminous spots;
they are, however, generally most visible at their
first entrance upon the disc of the planet, and just
before their leaving it, for those parts of Jupiter’s
disc which lie near the circumference receiving the
:Sun’s rays obliquely, are generally less brilliantly
illuminated than the satellites, which, therefore,
become the more’ ﬁmus on that account.
They are, however, imes observed to be less
luminous than Jupiter, which is probably owing to
some parts of their surfaces not reflecting the light
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of the Sun so copio.usly as other parts. Their
shadows may also be sometimes seen either pre-
ceding or following the satellites in their passage
across the disc of Jupiter. In going through their
superior semicircles from west to east, they are
eclipsed by passing throu%h the shadow of Jupiter.
A satellite may also be hidden behind the body of
the planet, without being eclipsed, in which case it
is said to suffer an occultation. When Jupiter is in
or near his conjunction with the Sun, he is invisi-
ble, being hidden behind that luminary, or lost in
the splendour of his rays. - From the time of
Jupiter’s first becoming visible after conjunction,
till he is nearly in opposition, the immersions only
of his satellites can be séen from the Earth. When
Jupiter is in opposition, only their occultations can
be observed, and from the opposition till near his
conjunction, the emersions only are visible. Let
S, fig. 45, be the Sun, A B C D the orbit of the
Earth, I Jupiter, and the circles marked 1, 2, 8, 4,
the orbits of his four satellites. When the Earth
is at A, Jupiter is in conjunction with the Sun,
and invisible; when the I‘i'arth is at B, the first
satellite will be observed to enter the shadow of
Jupiter at ¢, but its emersion at d cannot be per-
ceived, because the body of Jupiter comes between
the eye of the observer and that point. When the
Eartl}; is at C, Jupiter being exactly in opposigjon
to the Sun, the satellite will pass behind the planet,
but neither its immersion at ¢, nor its emersion
at d, will be visible to a spectator on the Earth,
and, therefore, although it will suffer a real eclipse,
yet, to an observer on the Earth it will appear to
undergo an occultation by peesing behind the body
of Jupiter. When the E is at D, the reverse
takes place of what happened when the Earth was
at B, the emersion at d being now visible, while
0 4
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the interposition of Jupiter prevents the immer-
sion at ¢ from being observed. It appears, there-
fore, that an immersion of the first satellite and its
next subsequent emersion can never be seen by
us; but both the immersion and the emersion
immediately following of the other three may be
visible: thus, when the Earth is‘at B or D, the
immersion of the second satellite at f, and the
emersion at g, may both be observed. The dotted
lines passing through the centre of Jupiter, show
that the satellites may suffer an occultation, or be
hidden behind the body of the planet without
being eclipsed. When the Earth is at B, the
eclipse precedes the 6éccultation, but when the
Earth is at D, the occultation takes place before
the eclipse. .

The three first satellites are always eclipsed
when in opposition, but the fourth sometimes
passes without undergoing an eclipse, from which,
and the very unequal duration of these phenomena,
it appears that the planes of their orbits do not
coincide with that of the orbit of their primary,
for in that case they must always pass through the
centre of Jupiter’s szadow, and would, consequently,
suffer an eclipse of mearly the same duration at
every opposition to the Sun. When the line of
the nodes of either of the satellites passes through
the Sun, that satellite will pass through the centre
of the shadow ; but as Jupiter goes round the Sun
the line of the nodes will be carried out of copjunc-
tion with that luminary, aud the time of the eclipses

. will be shortened, the satellite describing only a
chord of a section of the shadow instead of the
diameter, JIt is necessary to observe, that the
nodes of the satellites here spoken of, are the true
nodes, or the points in which the planes of their
orbits extended would cut the heliocentric orbit of
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their primary, ande must be distinguished from
their geocentric nodes previously speken of.

No eccentricity has yet been detected in the
orbit of the first satellite, neither is that of the
second accurately determined. The third satel-
lite’s orbit has an observable eccentricity, which
is itself subjegt to sensible variations, and the line
of its apsides has a direct but variable motion.
The orbit of the fourth satellite is more eccentric
than that of any of the other three, and the line of
its apsides has a direct annual motion. The in-
clination of the orbits to that of their primary, and
the position of their nodes, are also subject to
variations. .

The eclipses of Jupjter’s satellites, especially of
the first, afford a ready method of determining the
longitude of plsces at land, but as a telescope of
considerable power must be used in observing these
phenomena, this method cannot be employed at
sea, where the violence and irregularities of the
motion of a ship render the use of such an instru-
ment for this purpose totally impracticable. - The
general method of finding ¢he longitude from some
celestial phenomenon, the time of which is caleu-
lated for any particular meridian, has already been
described.’ ' I shall, therefore, in this place, offer
only a few words respecting the applicatiqn of that
method to the eclipses of Jupiter’s satellites. The
eclipses of all the satellites that are visible in*any
part of the world are set down in the Nautical
Almanack, the times of the immersions and emer-
sions being accurately calculated for the meridian
of Greenwich. If, therefore, an. immersion or
emersion of a satellite be obseneﬂf_fm.‘@geﬂplace,
according to mean time, the, differetick between

| See Lecture X1, page B26:
(.}
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this tima and the time of the same phenomenon
taking place s set down in the Nautical Almanack,
is the difference of longitude in time, and this
turned into degrees, &c., will be the longitude of
the place of observation, which is east or west, as
the time at that place is more or less than that of
the ephemeris.

From having observed that the immersions of
Jupiter's satellites were continually accelerated,
while the Earth was advancing towards the planet,
and the emersions as gradually retarded, while the
Earth was receding from him, Roemer was led to
the discovery of the successive propagation of
light. Tt is obvious, that if the motion of light
were instantaneous, an immersion would be seen
at the same moment of time, whether the Earth
were at z or x, fig. 415; but if, on the contrary,
light be propagated in time, the further we are
from Jupiter, the later will the immersion be per-
ceived, because the light will occupy more time in
travelling to us, and, consequently, it will be seen
as much sooner when the Earth is at z than when
itis at z as the light of the satellite takes to move
from z to z.. ' Now, when the distance z z (as in
the figure) is equal to the radius of the Earth’s
arbit, it is found, that an immersion which hap-

when the Earth is in the former position, will
be visible 8' 7 sooner than when it is in the latter,
whence it appears that light must take 8'7" of
time to describe a space equal to the semidiameter
of the Earth’s orbit.

WiTie Satellites of Satern

Are mo ‘qx;qous than those of any other planet
in thef¥ystem, being, as has been observed in a
14
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former lecture, noless than seven in number.
Owing to the great inclination of their orbits to
the plane of the orbit of Saturn, they very seldom
pass through his shadow, and consequently
eclipses of these bodies can very rarely occur.
In most other respects the phenomena they ex-
hibit are so similar to those we have already con-
templated in the satellites of Jupiter, as t¢ render
a particular description of them in this place quite
unnecessary.

The Ring of Saturn,

‘The plane of which_coidcides with his equator, is
inclined at an angle ‘of about 30 degrees to the
plane of the orbit of its primary, and like the axis
of our earth, always remains parallel to itself. It
follows, therefore, that the Sun will shine for
15 years, or during one half of the Saturnian year,
upon the north side or upper surface of his ring,
and upon its south side or lower surface for a like
period. When the Sun passes as it were from
the north to the south side of the ring, or from
the south to the north side of it, the plane of the
ring produced passes through the Sun, and the
ring itself becomes invisible. Now this is always
found to be the case when the longitude of Saturn
is 5 signs 20 d s, or 11 signs 20 degreesythat
is, in the 20th of Virgo and the 20th de-
of Pisces, wEic are, therefore, the places of
e ring’s nodes. The phenomena of Saturn’s
ring will, however, be best understood from
Fig. 46. in which (the Earth’s orbit being very
small in comparison of that of Saturn, and lyin,
nearly in the same plane) let S be the Sun, Aﬁ g
D E F G H the orbit of Saturn, and @ 4 ¢ d the
06 .
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orbit of the Earth. When Saturn is at A he is
in the ascending node of his ring, which being
turned edgewise to the Sun is invisible, and Sa-
turn appears divested of that appendage. As
Saturn advances in his orbit from A through B
to C, the ring gradually opens and is most open at
C. While Saturn is going from C through D to
E, the ring gradually contracts in width, end it
altogether disappears when Saturn is in its de-
scending node at E. As Saturn moves from E
through F to G, his ring again expands, and
when he arrives at G, appears as open as it did at
C; it then becomes gradually narrower, and when
Saturn returns through H to A, his ring once
more vanishes as at the first.

A bare view of the figure is sufficient to show
that while Saturn is going from A to E, or from
the ascending to the descending node of his ring,
the northern or upper side of it is illuminated by
the Sun, but its southern or lower side is enlight-
ened during the progress of Saturn from C to A,
or from the descending to the ascending node of
his ring. And when Saturn is in either of these
points, the Sun being in the plane of the ring
produced, it altogether disapgears, because its
thin edge only being illuminated, there is not Light
enough reflected to render it visible.

Since Saturn can only pass through the points
A and E once in the course of his revolution round
the Sun, or in about thirty of our years, were this
the only cause of the disappearance of his ring,
it could never be invisible more than twice during
that period: it, however, sometimes disappears
twice in the same year, which arises either from
the Earth’s being in the plane of the ring, or from
its being on that side of the plane which is turned
away frem the 8un; for in order that Saturn’s



LECTURE XVI. 301
ring may be visible to us, it is not only necessary
that one of the sides of the ring should be turned
towards the Sun to be enlightened by him, but
that our eye should be also sufficiently elevated
above the same side of the plane of the ring to
receive the light reflected from the ring’s illumin-
ated surface. Now the elevation of the eye, re-
quisite for receiving a sufficient quantity of the
reflected light to render the ring visible, must de-
pend in a great measure upon the power of the
telescope, for Dr. Herschell informs us, that when
Saturn was observed through his forty feet
reflector, the ring never ceased to be visible. Al),
therefore, that is meant by the disappearance of
the ring in certain situations, is, that in those
situations it cannot be seen throuﬁh a telescope of
ordinary power. Dr. Herschell also says, that
through the instrument’ above mentioned, he has
sometimes seen the satellites of Saturn extended
along the margin of his ring, like bright beads
threaded on a string.

Dr. Long mentions an instance related by
‘Whiston, in his Memoirs gf the life of Dr. Clark,
of ®- star having been seen by the father of
Dr. Clark, through the space between the ring
and the body of tﬁe planet.

The Satellites of Uranus,

It has been already remarked, revolve with a
retrograde motion about their primary, in orbits
almost perpendicular to the plane of the ecliptice
When the planes of their respective orbits pass
through the Sun they will be eclipsed, but on
account of their immense distaoce from us they
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cannot be seen unless Uranus be near his oppo-
sition. Eclipses of these satellites were visible in
1799, and again, according to Dr. Herschell, in
1818, when they appeared to ascend through the
shadow of their primary, in a direction almost
perpendicular to the ecliptic.
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LECTURE XVII.
ON COMETS.

Havive in the preceding lectures given a full
description of the bodies which compose the
planetary system, investigated the laws by which
their motions are governed, and explained the
various phenomena which these bodies exhibit to
a spectator placed on the surface of our own
globe, 1 shall proceed to treat of the second grand
division of my subject; namely,

“

The Corr;eta;;y System.

This system consists of the Sun, and an inde-
finite number of Comets, which, like the planets,
<irculate about him by the combined action of a
centrifugal force and the,power of gravity, but
differ in many important particulars from those
bodies. The Sun, therefore, is the common head
of the planetary and cometary systems, under
which, being united, they form what is cglled the
Solar System.

Comets, unlike the planets, are only seen oeca-
sionally,. appear but for a short time, are found in
every part of the heavens, and move in all possible
directions, so that, although they are really very
numerous, scarcely any two of them have been
found to pursue near| dy the same track. Comets
are of various magnitudes; some have been sup-
posed to be much larger than the moon, and
even to equal some of the primary planets in size,
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nay, if amcient records are to be believed, Comets
have appeared almost as large as the Sun, and
exceeding that luminary in brightness. The ve-
racity of such accounts may, however, be very
justly questioned, since they are entirely unsup-
ported by more recent observations. Comets
seldom exhibit any visible disc, but usually shine
with a pale dull light like that of Saturn, are
mostly accompanied with a nebulous train or tail
turned from the Sun. This train or tail is always
transparent, the smallest stars being visible through
it, and to common -observers forms the distin-
ﬂﬁshing characteristicof this class of bodies.
ence they are vulgarly denominated blazing
Stl-l‘s. a
In the infancy of science, when a desire to
penetrate into the bosom of-futurity was the pre-
dominating impulse under which the hosts of the
firmament were contemplated; when the stars
were considered the dispensers of good and evil
to the inhabitants of this nether world; and when
the heavens were regarded as that ¢ stupendous
book of wisdom to the. wise,” in which, not onl
the rise and fall of nations and empires, and all
the changes which the political and physical world
are doomed to undergo to the end of time, are
visibly .pourtrayed ; but even the fate of every
individual is legibly written, — Comets were ie-
gafded as the forerunners of the most disastrous
events, and war, pestilence, and famine, .the over-
throw of states, public tumults, private™ agsassin-
ations, and the most violent convulsions of nature,
‘were among the numerous evils with which these
supposed prodigies of ¢ dire portent” were ima-
gined to threaten mankind. Nor is it at all sur-
prising that amidst the vicissitudes to which all
sublunary affairs are subject, circumstances should
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sometimes @ccur tlu:t seemed (o confirm these
absurd notions, and which it is natural to suppose,
the . designing professors of judicial astrology
would not fail to impose op the credulity of their
deluded followers as complete demonstrations of
the inflljbility of their doctrines. .

Wi ou% .however, dwelling longer upon such
palmb% Jgbsurdities, let us proceed to examine
the variask opinions which have been offered by
philosophers apd gstronomers respecting the na-
ture of these bedies, and gfshe luminous train by
which they are generally ‘atcompanied.

The ancient Chaldeans are said, upen the au-
thority of Diodorus Slculus and Apollonius
Myndius, as related by Seneca, to have consi-
dered the Comets as g Species of planets, subject
to the same laws as other erratic celestial bodies,
but movin§ in much more extended orbits, and
consequently, recgding so far from the earth as to
be invisible during the greatest part of their revos
lutions. Whether this opinion were the result of
actual observation (as it must have been if, as
Apollonius farther observes, they were acquainted
with the courses described by these bodies) or
amounted only to conjecture, it is useless at this
distance of time to endeavour to ascertain, and
although they are said to have been able to’ foretell
the A})pearance of Comets, yet, as Dr. Long judi-
ciously observes, ¢ these predictions were pro-
bably founded not upon any knowledge of the
periodical times of Comets, or any maxims of true
philosophy, but upon some fallacious rules of,
Judicial astrology to which that nation was greatly
addicted.” N

That the Comets are bodies resembling the
Flnnets, and like them circulating round the central

uminary, was elso maintained by the Pythago-
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reans and the whole of the Italian sect, as we learn

from Aristotle, Plutarch, and Seneca ; yet Aristotle

himself was of a far different opinion, and taught

that the Comets were merely exhalations which

wer€ raised into the higher regions of the atmo-

:g:lere, and this opinion was generally adopted by
whole sect of Peripatetics. '

Seneca argues strongly against the idea of
Comets being nothing but meteors, and deglares
it his opinion, that they ought to be ranked &mong
the eternal productipps of nature ; shews that their
not moving in the zodiac is no serious objection
to their being considered planetary bodics ; urges
the necessity of collecting all the ancient observ-
ations that have been made upon these bodies, in
order to determine. whether they really have stated
periods of revolution or not, and finally prophe-
sies that ¢ the time will come wherein these things,
which are now hid from us, will be discovered ;
which observation and the diligence of after ages
will find out; for it is not one age that is sufficient
for so great matters. The time will be, when
posterity will wonder that we were ignorant of
things so plain. One will arise who will demon.
strate in what regions of space the Comets wander,
why they recede so far from the other planets,
how great, and what sort of bodies they are.”

It was not, however, till the time of Tycho,
that Cometic astronomy was brought to any
degree of perfection. That celebrated astronomer,
by observations upon the Comet of 1577, con-
Jducted with the greatest care, ascertained that it
had no .diurnal parallax, and that it must there-
fore, not only be situated far above the limits of
our atmosphere, (and consequently 1 not be a
meteor or exhalation, as the Ieripa imagined,)
but that it was at a much gr istance from
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the Earth than the orbit of the Moon : thus prov-
ing by direct observation, what the most sagacious
ot the ancient philosophers had at most only
conjectured.  To the illustrious Tycho, therefore,
belongs the honour of having paved the way for
the restoration of Comets to tie rank of planetary
bodies, and this was finally accomplished by Sir
Isanc Newton, who, from observations made upon
the comet of 1680, combined with his own theory
of the planetary motions, has shown that the
Comets like planets revolve about the Sun, but
that the orbits of the former are very eccentric
cllipses extending far beyond the planetary system.
'The head of a Comet, wheh examined with a very
powerful telescope, appears in general to consist
of an opaque ill-defined nucleus encircled by a
mass of vapours. The nucléus has different de-
grees of opacity, and exhibits very different appear-
ances in different Comets, and in some no nucleus
can be perceived. The nucleus of the Comet of
1618, a few days after it first became visible, viz.
on the 8th of, December, js said to have broken
into three or four parts of irregular figures, which
appeared like so many burning coals, and were
observed to change their situation as when a
person stirs a fire, a few days afier which, they
were broken into a great number of small frag-
ments, or, as it were, apparently changed inta a
cluster of small stars. Sir Isaac Newton sup-
posed the nuclei of Comets to be composed of a
very solid and compact substance, capable of sup-
porting without alteration the extremes of ‘heat,
and cold to which they may be exposed during
the course of their eccentrical revolutions about
the Sun. Some, however, assert that they are trans-
parent, and that the tails of Comets are nothing else
than the beams of the Sun’slight transmitted through
these transparent heads; and this opinion, which
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was held among others by Appian, Curdan, and
Tycho, satisfactorily enough accounts for most of
the phenomena exhibited by the tails of Comets,
concerning the arigin of which, hcwever, various
opinions have been entertained by astronomers.
That the tail of a Comet depends in some way
on the Sun is sufficiently obvious from its being
constantly turned from that luminary ; its gradual
increase in length as the Comet approaches its
rihelion, when the tail is longest and most
umiuous, (at which time it is also generally some-
what bent and convex towards thosc parts to
which the Comet is moving;) and from its rapidly
decreasing in length us the Comet recedes from
the Sun. Kepler imagined that the tail of a
Comet was composed of the denser parts of its
atmosphere driven away by the impulsion of the
solar rays. Des Cartes ascribes it to the refrac-
tion of light by the head of the Comet. Sir Isaac
Newton supposed that the tail of a Comet consists
of a very fine vapour exhaled from the nucleus by
the intense heat of the Sun. Varjops other con-
jectures have been hazarded upon this subject,
some supposing the tails of Comets to be portions
of the Sun’s atmosphere, others that they are of
the same nature with the electric fluid and the
aurora® borealis. But among all these various
copjectures respecting the tails of Comets, the
true cause of these surprising phenomena still re-
mains involved in great obscurity ; many of those
hypotheses which seem even most plausibly to
account for the direction of the tail of a Comet,
its ual increase in length as it approaches its
perihelion, its again diminishing as it recedes from
the Sun, &c., lying npen at the same time to
such serioux objections, as prove them at best to
be nothing more than sagacious conjectures,
affording no satisfactory solution of the difficulty.
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The tail of a Comet sometimes disappears
without itself undergoing any actual diminution
of magnitude, and mere?y in consequence of the
position which the Comet bas in regard to the
Sun and Earth, for as the tail is always projected
from the Sun, it is obvious, that when a Comet is
in opposition, the eye of the spectator being nearly
in the same right line which connects the Sun and
Comet passing through the middle of the tail
lengthwise, the tail will be either wholly concealed
by the body of the Comet, or its extremities will
appear round the edge of the disc like a fringe of
hair, but so mixed with the atmosphere which
surrounds the nucleus jas scarcely to be distin-
guished from it, and it is from this appearance
that the Comet derives its name. If the eye of
the spectator be a little out of that line the tail
will appear short, and when it hangs down to-
wards the horizon the Comet is said to be bearded.
If the tail of a Comet be viewed sideways the
whole length thereof is seen, and if the eye be in
the plane of the Comet’s qrbit continued, the tail
appears straight; but when the earth is not in that
plane it appears bent.

The tails of Comets are of various lengths.
That of the Comet which appeared at the pirth of
Mithridates, about 180 years before the Christian
eera, was 45 degrees long. In A.D. 135, Seneca
saw a comet whose tail extended over the whole
of the milky way. Longomontanus mentions a
Comet that appenared in 1618, the tail of which
he asserts to have been above 100 degrees in.
length; but, according to Kepler, it was no more
than 70 degrees, and Newton calculated the tail
of the remarkable Comet of 1680 to be at least
80 millions of miles long.

From the nucleus of the Comet of 1665, Heve-
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lius observed a duarkness to extend along the
middle of the tail, which he asserts to have been
the shadow cast by the Comet itself. Cassini
witnessed a similar appearance in the tail of the
Comet of 1680. A darkness was also observed
in the tail of the Comet of 1744, which was sup-
posed to arise from the same cause.

The motions of some of the Comets are direct.
or according to the order of the signs, and of
others, retrograde, or contrary to that order ; they
all move in ellipses round the Sun, placed in one
of the foci, but on account of the very great ec-
centricity of their orbits, the small portion which
a Comet describes when near its perihelion (when
it is alone visible,) may without any sensible error
be considered as a portion of a parabola.

While a Comet is moving from its aphelion to
its peribelion, its motion like that of a planet i
continually accelerated, and it is continually re-
tarded while the Cowmet is going frém its peri-
helion to its aphelion. A Comet’s orbit, therefore,
being so extremely eccentric, itssmotion about it~
perihelion must be prodigiously swift, and accord-
ingly, the Comet of 1680 was calculated by Sir
Isaac Newton to move in its perihelion with the
immense velocity of eight hundred and eighty
thousand miles per hour. This Comet was also
remarkable for its very near approach to the Sun,
its distance from the surface ol‘ which at its peri-
helion was not above a third part of the semi-
diameter of that luminary : the heat, therefore, to
which it was exposed when in that point of its
orbit, must have been to the heat of the summer’s
Sun to us, in the ratio of about 28,000 to 1; now,
supposing this Comet to consist of matter similar
to that of which our Earth is composed, its sur-
face, according to Sir Isaac Newton, would have



LECTURE XVII. 314

[) [ 4
acquired a degree of heat two thousand times
greater than that of red hot iron, and which could
not have been exhausted in less than twenty
thousand years. As, however, the effect of the
Sun’s rays in generating heat in the bodies upon
which they act, is found by experience to depend
greatly upon the constitution.of these bodies, we
may reasonably doubt whether such an accumu-
lation of heat actually took place in the Comet in
question, especially as the period of its revolution
is not supposed to exceed 575 years.

The Comet of 1759 deserves particular notice,
as the first of which the return had been foretold.
Di. Halley having diligently collected the observ-
ations that had been thade on different Comets
and calculated the elements of twenty-four of
them, was induced by the analogy he observed in
the elements of those of 1531, 1607, and 1682, to
suppose, that it was one and .the same Comet
which hndgigppeared at these several times, and
"though there was no less than 15 months dif-
ference between the two pel'iods, that from 1581
to 1607, comprising 76 years and 62 days, while
the period from 1607 to 1682 consisted only of
74 years 328 days, yet he accounts for this irre-
gularity by ascribing it to the attractions of Jupiter
and Saturn, which he supposed altered the form
of this Comet’s,.orbit. He was also of opinion
that its period, which he had concluded was 75
or 76 years, would probably be lengthened by the
action of those planets so as even to exceed the
latter term, ahd that, consequently, the return of,
this Comet, which, according to the first period,
ought t@v take place in November 1758, or, by
employing the second, in August 1757, might not
hqql)en till the beginning of 1759.

his interesting subject having engaged the
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attention of the celebrated Clairaut (one of the
mathematiciang that decompanied Maupertuis in
his expedition to measure a degree of the meri-
dian in Lapland) he calculated the separate
effects of Jupiter and Saturn on the motion of this
Comet, and found that its period ought to be
lengthened by the aciion of Jupiter 510 days, and
by that of Saturn 100, and would consequently
become 76 years 211 days, instead of 74 years
328 days. He thereforc concluded, that as the
Comet reached its perihelion on the 14th of Sep-
tember 1682, it ought to arrive at the same point
of its orbit on the 18th of April 1759. Towards
the end of December 1758, the- Comet again
made its appearance, and reached its perihelion
on the 18th of March following, just 30 days
before the time mentioned by Clairaut, who by
revising his calculation, afterwards reduced his
error to 22 days, and finally to 19 days. This
Comet may be expected again in 1838’

Although, therefore, very great credit is un-
questionably due to the French astronomer for
his laborious investigation of this very curious and
intricate subject, yet the honour of having first
foretold the return of a Comet, is undoubtedly
due to our countg;zan Dr. Halley, who also sup-
posed “that the ous Comet of 1680 already
mentioned, was the same that was, seen in 1106,
531, and in the 44th year before Christ, soon
after the murder of Julins Ceesar in the senate-
house: and that its period was 575 years. This
celebrated Comet is, therefore, probably the same
that Homer * alludes to, as it would have appeared
in the year 619 B.C. ,

Notwithstanding the very great number of

'MW. v. 6. N
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Comets which are 'surppsed to belong to our
system, the periods of enmly the two above men-
tioned are known with any degrée of certainty.
The Comet that appeared in 1770, according to
a very ingenious calculation of its orbit by Lexell,
which was afterwards repeated by Burckhardt at
the request of the National Institute, completes its
revolution in rather more than 5} years, and
ought, therefore, to havg returned at least nine
times since the year in which it was first observed,
but to the great disappointment of astronomers it
has never since been seen. It is worthy of remark,
that this Comet passed between Jupiter and his
satellites, and as it alsoeapproached very near
the Larth, it is probable, that some remarkable
change produced in the form of its orbit by the
action of the planets, may have prevented its having
been since recognised. As this Comet passed so
very near the satellites of Jupiter without pro-
ducing any change in their orbicular motions or
in that of their primary, it may be presumed that
Cometary bodies contain very little matter; the
same inference may also be drawn from the Comet
of 1454, which is said to have eclipsed the Moon,
and consequently, must have been very near the
Earth, yet produced no sensible effects on the
motions of either of these bodies. .

The beautiful Comet of 1811, (rgpresent:g,b.in
fig. 4°7.) was visible lon%er than almost any other
upon recerd, and would have been seen much
longer had its heliocentric motion been direct.
The apparent diameter of its nucleus, according to
Schroeter, was 1” 49, or 10,900 geographical
miles. In the centre of this .nucleus he algo
observed another small nucleus mtich more’ Ju-
minous than the former. ’L&‘? apparent diameter
of the latter was 16”97, G %.697 miles, and it

P e .
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seemed fo be surrounded by a peculiar kind of
atmosphere, and also with a luminous nebulosity.
The total apparent diameter of the head of this
Comet was 84” 12, or 2,052,000 miles, and the
greatest apparent length of the tail 18° or
181,852,000 miles. Burckhardt suppeses that
the nucleus of this Comet, and perhaps of all
others, cousists of nothing more than a conglo-
meration of vapours, probably of so little density
as to be transparent.

Of ninety-eight Comets whose elements have
been accurately computed, twenty-four passed
between the Sun and the orbit of Mercary; —
thirty-three between the orbits of Mercury and
Venus ; — twenty-one between the orbits of Venus
and the Earth ; — sixteen between the orbits of
the Earth and Mars: — three between the orbits
of Mars and Ceres ; — and one between the orbits
of Ceres and Jupiter.

Since the theory of the Comietary motions has
been developed, the superstitious fears which the
appearance of these bodies formerly excited, have
been so entirely dissipated, that Comets are now
viewed, even by the vulgar, with scarcely any other
sentiment than that of admiration, yet it is a re-
markable circumstance, that the same knowledge
which hus dissrmed Comets of their supernatural
terrors, has rendered them scarcely less formid-
able visitors in another point of view, many still
supposing that as a great number of the Comets
when in perihclion are nearer the Sun than the
Eartlt.is, and as these bodies move in all possible
dire®tions throngh the different regions of the
planetary system, some of them in approaching
the perjhelion point of their orbits may probably
encounter the Earth itgelf, or pass so near it as to
cause some very greaticonvulsion. That these



LECTURE XVIL 318

terrors are little mor& than imaginary, a few word.
will sufficiently evince. .

The Comet of 1770, we have already seen,
passed between Jupiter and his satellites without
creating any visible disturbance in the motions of
any of those bodies, and the Comet of 1445, it
has also been observed, was found, when so near
the Earth as to eclipse the moon, to produce no
sensible effect on either; jt is obvious, therefore,
that Comets possess in themselves so little dis-
turbing power that scarcely any thing short of an
absolute shock from one of them could produce
any very serious calamity, and since most of the
Comets hitherto observetl, move in orbits consi-
derably inclined to thelane of the ecliptic, and
not onc in that plane, the chances against such an
event tgking place (which could not happen with-
out the Earth and Comet arriving at the same
instant, at the same point of intersection) are so
numerous as, if not altogether to preclude the pos-
sibility of its occurrence, at least to render it
extremely improbable. It has been calculated
that if a Comet as large @ the Earth itself were
to pass it at the distance of about 40,000 miles,
the only effect produced would be an increase in
the periodical revolution of the latter of about two
days. .

It seems, however, no improbable conjectyre
that a Comet of considerable magnitude passing
very near'to a planet might cause unusually high
tides. Mr. Whiston carricd his thoughts upon
this subject so far as even to attribute the universal
deluge In the time of Noah to the Earth passing
through the tail of a Comet: and as the interval
between the time of the deluge, as generally stated
by chronologists, and the year 1680, nearly coin-
cides with seven revolutions of the famous Comet

r2
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already described, which made its appearance in
that year, he imagines that to have been the one
throtﬁh the tail of which the earth passed; and
Dr. Halley observes of this very Comet, that
““ none hath threatened our earth with a nearer
appulse than that of 1680. For by calculations 1
find that November 11?¢ 6" 1 P.M. that Comet
was not above the semidiameter of the Sun to the
northward of the way of the Earth. At which
time, had the Earth been there, the Comet would
have had a parallax equal to that of the Moon,
as I take it. This is spoken to astronomers, but
what might be the consequences of so near an
appulse, or of a contact; or, lastly, of a shock of
the celestial bodies (which s by no means impossible
to come to pass), I leave to be discussed by the
studious of physical matters.”

With respect to the purposes for which such
extraordinary bodies are designed, few conjectures
have hitherto been formed that seem entitled to
much attention. Dr. Gregory supposed them
intended to recruit the exhausted fuel of the Sun,
or, by involving the pldnets in their tails, to restore
the moisture which is spent in vegetation and
turned into dry earth; and Sir Isaac Newton
imagines that the vital principle of our atmo-
sphere, or that subtilest and best part of our air
which is necessary to the life of every thing, is
derived from Comets. Many other opinions have
been entertained respecting the use of these bo-
dies, which from their proximity to the Sun when
in perihelion, and their very great distance from

" that luminary when in aphelion, are generally sup-
posed to experience such extremes of heat and
cold as render them wholly unfit for the support
of animal or vegetable life. I cannot, however,
quit this subject without taking notice of the very
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singular hypothesis® advanced by Mr,"Whiston.
Unwilling, probably, that so numerous a class of
bodies (five hundred Comets at least having been
observed since the commencement of the Christian
eera) should be considered entirely disqualified for
the reception of inhabitants of every description,
he supposes them appointed by the Almightl{eas

s of punishment for condemned sinners, where
they will be tormented hy turns with extremes of
heat and cold, of which in this state we can of course
form no idea. Numerous as Comets are known,
and much more numerous as they are generally
supposed to be, I would enly say in answer te
this learned gentleman’s dpinion, that #fit be cor.
rect, I most sincerely hope (as I believe every
real Christian will) that a very great portion, at
least, of the most beautiful bodies in the universe
may have been created in vain,

r$
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LECTURE XVIIIL

OF THE FIXED STARS IN GENERAL. — OF THE
CONSTELLATIONS.—THE CONSTELLATIONS NORTH
OF THE ZODIAC PARTICULARLY DESCRIBED.

Qunr attention has hitherto been principally di-
rected to the Sun, with the planets and Comets
which revolve round him as their centre. of mo-
tion, and being entirely destitute of any innate
lustre of their own, shine only by reflecting the
light of that great luminary. With these bodies,
however, those lucid orbs which we are now about
to contemplate, are perfectly unconnected. The
Fixed Stars constitute by far the miost numerous
class of celestial bodies, and afford the grandest
and most sublime display of the creating power of
the Deity. They are called Fixed Stars from their
constantly retaining the same position among
themselves ; for although, by reason of the diurnal
and aunual motions of our own planet, their situ-
ation with regard to the Earth is continually
changing, yet the position of any two groups of
stars, or of any two stars of the same group, rela-
tively to each other, is at all times found' to be the
same. This, however, must be considered as a
general assertion, to which modern observations
*(as will hereafter be shown) have put us in pos-
session of many excep#s.

The Fixed Stars may be easily distinguished
from the planets by their scintillation or twinkling,
while the latter (with the exception of Venus and
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Mars when near the horizon) shine with®a steady
light, and exhibit in general a less luminous ap-
pearance. This twinkling is usually ascribed to
the intervention of those numerous minute par-
ticles of various kinds that are continually floating
in our atmosphere. When any one of these par-
ticles comes between a fixed star and our eye, the
star, by reason of its immense distance, is hidden
from our sight, but as ghe interposed body is
instantaneously removed it again becomes visible,
and thus, by a perpetual suceession of these inter-
cepting particles, the twinkling appearance is pro-
duced.

When we take a casualtview of the heavens on
a clear winter’s evening, we are apt to conceive
that the number of stars presented to our view
exceeds all calculation, yet it has been ascertained
that not above a thousand, visible to the naked
eye, are at any one time above the horizon. Of
these the apparent magnitudes are very different,
and this difference, which is obvious to the most
superficial observer, may arise either from a diver-
sity in the real magnitudes df the stars, or, which
is more likely, from their being placed at unequal
distances from us, although in some instances both
these causes may combine to produce that differ-
euce which is perceived among these bodies, some
of which may be both larger and nearer to_us
than others. Be this as it may, astronomers have
distributed the fixed stars, with respect to their

parent magnitudes, into several classes or orders.
The brightest and largestare called stars of the
first magnitude ; the next to these in lustre, stars*®
of the second magnitude, and so on to the sixth,
which are the smallest that can be perceived by
the naked eye. Those which cannot be discerned
without the aid of a telescope are denominated

P4
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Telescopi Stars. Very few of the stars of any ome
of these classes are exactly of the same size and
brightness ; hence it happens, that many of those
stars which are- by some astronomers considered
of the first magnitude, are by others assigned to
the second ; and the same uncertainty exists with

rd to the other classes: so that, instead of
only six classes or nagnitudes, we may say thak
there are almost as mayy different orders ofy stars
as there are individual stars, there being such an
endless diversity in the apparent magnitude, co-
lour, and splendour of these bodies.

The sphere of the fixed stars was by the an-
cients divided into a number of constellations or
assemblages of neighbouwing stars, and to every
one of these groups they gave the name of some
sensible object, to which they fancied they dis-
covered some resemblance in the disposition of the
stars that composed the constellation. That this
division of the starry hosts is of vc:g;hi h anti-
quity is evident, since mention is m several
of these fanciful assemblages of stars by ancient
authors, both sacred und profane. Thus, in the
book of Job, the supposed @ra of which is fixed
1518 years B.C., Orion, Arcturus, and the Plei-
ades are spoken of particularly, and from Homer
and Hesiod, who flourished about 634 years later,
we gather that the affairs of husbandry and
navigation were regulated by observations upon
the constellations, several of which are mentioned
by name by those suthors. It would, however,
be in vain to endeaewr at this time to ascertain
‘with certainty from whom the Greeks borrowed
their sphere — though it is generally supposed
that, like most of t?xe;r astronomical symbols, it
wes copied from the Egyptians, from whom their
knowledge of astronomy was principally derived, —



LECTURE XVIIL 331

or to attempt to trace to its origin an arringement
of the stnrls) which probablyngtou;k place in the
earliest ages of astronomy, since the very first cul-
tivators of the science must doubtless have found
the necessity of reducing to groups the apparently
innumerable multitude of stars that adorn the fir-
mament, in order to distinguish these bodies with
regard to their relative situations in the heavens.
It is probable that many of the figures of the
constellations in the infancy of the science were
much more simple than those we have now in
use, and that the Greeks changed a great number
of them; it is, however, quite certain that some of
them were preserved, and *have been handed down
to us nearly, if not altogether, in the form they
received them.

The ancient constellations (as they are mow
called) were forty-eight in number, or fifty, in-
cluding Antindus and Coma Berenices, and were
for the most part so delineated as to bring the
principal stars into the most conspicuous parts of
the figures they were supposed to represent; but
as in this distribution of the stars many, from their
peculiar situation iu the heavens, could not be
comprehended in any of those figures, the stars
so left out were denominated unformed stars.
Most of these have been since reduced inte new
figures by Hevelius, Halley, La Caille, La e,
and other modern astronomers, so that the number
of constellations into which the heavens are at
present divided exceeds one hundred; and it is
probable that others will yet be invented. They
are usually divided into three classes; the first,*
containing those which are north of the zodiac;
the secon%, comprehending the. comstellations of
the zodiac; and the third consisting of those that
are south of it.

PS5
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The cohstellations north of the zodiac at pre-
sent amount to about 388 ; viz.!

Ursa Major*, the Great Bear ; — Unrsa
MiNoR*, the Lc'ftle Bear ; — CassiorPEiA®, Cas-
siopeia ; — CEPHEUS *, Cepheus ; — Draco, * the
Dragon ; — Custos MEssivM, the Guardian of
the Harvests ; — TArRANDUS, the Rein Decr ; —
CAMELOPARDALUS, the Cameleopard ;— AURiGA ®,
the Chariotecr ; — 1.YNyg, the Lynr ; — ANDRO-
MEDA®, Andromeda ; — Persevs Er Capruvt ME-
DUSE ", Perseus and the Head of Medusa ; —
TRiaANGULA*, the Triangles;— Musca Boreavis,
the Northern Fly; — GLoria Freperici, Fre-
derick’s Glory ; — PEcasus *, the Winged Horse ;
—_— EQUULEUs the Littke Iorse ; — DeLpuI-
NUS*, the Dulp/ml ;s — LacERTa, the Lizard ;—
Cyexus?*, the Swan ; — AQuiLa ET ANTINOUs®Y,
the Eagle and Antinius; — ScurtM SOBIESKI,
Sobiesks’s Shield ; — Sac1rTa ®, the Arrow ; —
VuLPECULA ET ANSER, the Foxr and Goose ; —
Lyra®, the Lyre or Harp ; — CoroNA Bonrea-
Lis*, tlze Northern Crown ; — HERrRcULES *, Her-
cules ; — OPHIUCHUS WEL SERPENTARIUS®, the
Serpent Bearer ; — SERPENS®, the Serpent ; ——
Taurus PoNiatowsk1, the Bull of Poniatowski ;
— QuapnaNs Muraurs, the Mural Quadrant ; —
BooTes?, Bootes ; — MonNs M@&NALUS, the Moun-
tain Moenalus ; — ASTERION ET CHARA, VEL
CaNes VEwaricy, the Grey Hounds ; — Cor
CaroLi, King Charles’s Heart ; — Coma BERE-
NiceEs®, Berenice’s Hair ; — LEo MINOR, the
Little Lion ; — TeLEscorium HerscueLn, Her-
schel's Telescope.

The constellations of the zodiac are 12 in num-:
ber and are those from which the signs were ori-

1 The ancient «constcllations are distinguished from the
modern ones by an asterisk, thus *,
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Finally named. They now, however, (as we be-
ore observed) correspond with them in pame
only. They are

ARI1Es*, the Ram ; — Taunvus®, the Bull ; —
GEMINI *, the Twins ; — CANCER*, the Crab ; —
Leo*, the Lion; —Virco*, the Virgin;—
LiBra*, the Scales ; — Scorrio*, the Scorpion ;
— SAGITTARIUS *, the Archer ; — CAPRICORNUS ¥,
thke Goat; — AQuarius®, the Water Pourer —
and Pisces®, the Fishes. *

The counstellations south of the zodiac are 55 in
number ; viz.

Cerus*, the Whale ; — OFFICINA SCULPTORIA,
the Sculptor’s Shop ; — MacHiNna ELEcTRICA, the
Llectrical Machine ; — Fornax CHEMICA, the
Chemist’s Furnace ;— Onriox*, Orion; — LEPUS*,
the Hare ; — Fruvius Eripanus veEL Fruvius
OrioN1s *, the River Po or the River of Orion ; —
PsaLrerium Georeir, George's Harp ; — Bian-
DENBURGIUM SCEPTRUM, the Sceptre of DBran-
denburg ; — Canis Minor*, the Little Dog ; —
MoNocERoOS, the Unicorn ; — ArGo Navis®, the
Skip Argo ; — Pixis NauTiga, the Sea or Mariner’s
Compass ; — Canis Maaor*, the Great Dog;—
Macuina TYroGRAPHIA, the Printing Press ; —
CorumBa NoacHi, Noak’s Dove ; — CELA ScuLp-
TORIS, VEL PRAXITELES, the Engraver’s Tpols ; —
SEXTANs, the Sextant ; — HYDRA®, the Water
Serpent ; — CRATER®, the Cup ; — CoRvus *,ethe
Crow ; —,AVis SOLITARIA, the Bird gf the Desert ;
— CENTAURUS *, the Centaur ; — Lupus *, the
Wolf ; — MacHINA PNEUMATICA, the Air Pump;
— FEL1s, the Cat; — Piscis AUSTRALISY, fhe
Southern Fisk ; — MicroscopriuM, the Microscope ;
— LE BALLON AEROSTATIQUE, the Air Bal-
loon ; — Pu®Nix, the Pheenix ; — Hybrus, the
Water Snake ; — HoroLoGgium, the Clock ; —
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Rericviws RuoMBoIDALIs, ¢he Rhomboidal Net ;
— Doravo veL Xiruias, the Sword Fish ; —
EguuLeus Picrorivs, the Painter's Easel ; =
Piscis Vovrans, the Flying Fish ; — Rosur €a-
RoLl, Charles’s Oak ; — CHAMZELEON, the Chame-
leon ; — Musca AUsTRALIS VEL APIs, the Southern
Fly or Bee ; — Crux, the Cross ; — APUs VEL
Avis Inpica, the Bird of Paradise ; = TRIAN-
GULUM AusTRALIS, the Southern Triangle; —
CircinNus, the Compasses ; — Quabra Eucriois,
Euclid’s Squarc; — Ara®*, the Altar — Moxs
Mex~sE, the Table Mountain ; — Octans Hap-
LELANUS, Hadley's Octant ; — Pavo, the Peacock ;
— Invus, the Indian,; — TELEscorium, the
Telescope.; — CorONA AysTRALIS®, the Southern
Crown ; — GRrus, the Crane; — Toucan, the
Amcrican Goose ; — NuBectra MINOR, the Lesser
Cloud ; — NusecuLA MaJsor, the Greater Cloud.
It was not, however, to the constellations only
that the ancients gave particular names; smaller
collections of stars, and some of the most remark-
able single stars, were distinguished in the same
manner; thus the clyster of small stars in the
neck of the Bull was called the Pleiades ; a group
of stars in the face of the same figure was deno-
minated the Hyades, the largest star of which has
its proper name, Aldebaran; in like manner a
bright star in the mouth of the Great Dog is
call=d Sirius, &c. &c. But the best method of
distinguishing the stars in the several constellations
is that introduced by Bayer, about the year 1608,
and consists in applying to them the letters of the
Greek and Roman alphabets in such a manner,
that the principal star of every constellation is
denoted by the first letter of the Greek Alphabet,
the next brightest, star by the second letter, and so
on. Thus the brightest star of the constellation
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Draco, is called « Dsaconis ; the second brightest,
B Dragonis ; the third brightest, v Draconis, &e.
It must, however, be particularly observed, that
the Greek letters do not indicate the real magni-
tudes of the stars which they represent, but only
the relative magnitudes of those in the same con-
stellation. Thus « Lyre is a star of the first
magnitude ; « Ophiuchi, a star of the second mag-
nitude ; and « Cephei, a star of the third magni-
tude. When any constellation contains more
stars than the Greek alphabet extends to, the
letters of thec Roman alphabet are employed, in
like manner, to supply the deficiency, and thus
every star is much easigr distinguished than it
wouf):] be by a proper name, which ¢the stars
being so numerous) would of course be very diffi-
cult to recollect. Another advantage in this
method is, that not only the particular star alluded
to is immediately known, but the magnitude of
that star relatively to the other stars in the same
constellation, is at least in a certain degree pointed
cut. This useful method of noting the stars has,
since the time of its inventor, been generally
adopted by astronomers, who, when any constel-
lation contains more stars than can be marked by
the two alphabets, extend the plan by adding the
ordinal numbers, 1, 2, 3, &c. .

There is, perhaps, no branch of astronomy
more essential than the study of the constellations,
which, though too often disregarded by the genee
rality of students in the science, is, In fact, the
very first thing to which their attention ought to
be directed, as a knowledge of the names and
positions of the fixed stars must constitute the
basis of all astronomical observations. In order,
therefore, to facilitate the acquirement of this
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useful knewledge, I shall pbceed to give a par-
ticular description of all the constellations visible
in the latitude of London', together with the
names, magnitudes, and positions of the principal
stars contained in each, accompanied with copious
directions for finding them in the sphere of the
heavens. These particulars I shall illustrate by
figuves 48. and 49., which are Celestial Planispheres
stereographically projected on the plane of the
equinoctial. These Plahispheres, although upon
a very small scale, contain a// the constellations
already enumerated, in the form and position in
which they really occur in the heavens, whereby
the embarrassment which generally attends the
use of the eelestial globe, in acquiring a knowledge
of the stars, is completely obviated. In order,
however, to prevent confusion, it was found
necessary to omit all the stars below the fourth
magnitude, and also the Greek and Roman letters
by which the particular stars in each constellation
are generally distinguished. It is, however, to be
observed, that the maps lose nothing of their
utility as references in ~determining the positions
of the fixed stars, by the omission of these.
letters, the instructions which they are intended
to illustrate being entirely independent of those
characters.

In this descriptive survey of the constellations
I sh#ll commence with those which are north of
the equinoctial ; and of these .

Ursa MaJor, the Great Bear, being the most

! From this description of the constellations the reveries
of the poets concerning their origin have been excluded to
make room for more scientific information. This, it is pre-
sumed, is the less to be regretted, as they are to be met with
in almost-every treatise on the Use of the Globes.
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conspicuous, I have®made choice of it a8 a point
of reference from which to describe the neigh-
beuring asterisms.

The ancients are said to have represented the
constellations of the Bears each under the form of
a waggon drawn by a team of horses, and Ursa
Major, among country people, is still known by
the title of Charles’s Wain. It is in some places
denominated the Plough, to which agricultural
instrument it certainly bears some resemblance.

This constellation contains 87 stars, of which
one is of the 1st magnitude, four are of the 2d,
three of the 3d, ten of the 4th, &c.: but it is
principally distinguished by seven brilliant stars,
four of them constitating the body, and the other
three the tail ; they are disposed ¥
as in the annexed figure. The _‘_"' i
two stars in the body farthest 0& |
from the tail and marked «, 8, i
are called the Pointers, because
if a straight line be supposed Ursa
to pass through them, and to Major. e
be continued towards thatepart1 * x .,.S\ X8
of the heavens which is on the Y
convex side of the tail, it will at the distance of
the most remote star in the tail from the upper
pointer pass nearly through a bright star, B, in the
tail - of the Little Bear, called Alruccabah, -or the
Pole Star. The upper pointer is of the 1st nfhgs
nitude, though some make it of the 2d, and is
called Dubke. The stars in the tail have also
particular names assigned them: that which is
nearest the body of the animal being called Alioth,s
that in the middle Mizar, and the star at the ex-
tremity of the tail Bénetnasch. These threg stars
are all of the 3d magnitude; the middle one:Mizar,
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howevers appears double, having a star of the
5th magnitude just above it, called Alcor.

URrsa MINOR, the Little Bear, contains 24 stars,
of which one is of the 2d magnitude, two are of
the 8d, four of the 4th, &c. This constellation is
chiefly remarkable for its principal star, named
Alruccabah, or the Pole Star, which is situated at
the extremity of the Bear’s tail. It is called the
Pole Star because it is so near the Pole of the
world, or that point through which the axis of
the Earth produced northward to the sphere of
the heavens would pass, that all the stars appear
to revolve round it, and as it affords an easy
method of determining a ship’s course, has been
taken noice of by mariners from the earliest ages
of navigation; travellers were also formerly in the
habit of directing their course through the vast
deserts of Arabia by observations upon the stars;
it is, however, natural to suppose, that the ma-
riner’s compass is now employed as the more
convenient guide.

This asterism is easily known by the seven
stars, whose magnitudes have been already men-
tioned: they are disposed nearly in the same form
as those of the Great Bear, but in an inverted po-
sition, and are inferior to them in brightness.
The two stars farthest from the tail, resembling in
point of situation the Pointers in the Great Bear,
are called the Guards or Wardens of the Pole,
the brightest of which, corresponding in pgsition
with Dubhe in Ursa Major, is denominated Kochab.

Cass10PEIA, called by Ulug Beig, Zl Seder, the
-Seder Tree, is generally represented as a lady
sitting in a chair. The number of stars in this
constellation is 55, five of which are of the
8d magnitude, five of the 4th, and the rest smaller,
The five principal stars in this asterism, or those
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by which it is chiefly distinguished, are %eranged
something in the fc'frm*ufgan irregular W, the
upper part of which is turned towards the pole.
A line drawn from Alioth, the first star in the tail
of Ursa Major, by the Polar Star, and prolonged,
will conduct us to Sckedir in the neck of Cassio~
peia. This is the first star in the constellgtion,
and forms one of the angular points at the bottom
of the W, b .

Cepnkus is usually delineated in a sitting pas-
ture, having a crown on his head, and holding a
sceptre in his left hand. This counstellation con-
tains 35 stars, viz. three of the 8d magnitude,
seven of the 4th, &c. The left foot of heus
nearly rests upon the Pole Star, and is éhsily dis-
tinguished by a rather bright star near to dlruc-
cabak ; the other foot is known by a simiar star
just under the star in the tail nearest the body
of the Little Bear. A line drawn through the
Pointers in the Gﬁeat Beo;‘r anclll thg P}c:lar Star,
and prolonged, will pass through a bright star in
the }l)eﬁ knee of Cgpheus. 'Ehis starg forms an
isosceles triangle with the ole Star and a bright
star in the waist of Cepheus, and a right line
drawn from the Pole Star through the bright star
in the waist of Cepheus, and prolonged, will mieet
the star Alderamin in his right sho?lder.” A
line drawn from the Polar Star t the’ midst
of a cluster of stars in the waist of Cepheus, diréctd
us to a star of the 4th magnitude in the throat,
and prolonged, Phsses through three stars in the
head, forming a small triangle. A line drawn
from Alderamin through the star in the throat,®
and continved to an equal distance on the other
side, passes through another star of the 4th mag-
nitude im the lef arm of Cepheus. :

Draco, the Dragon, is a very extensive constel-
lation, the head and trunk of which is wound
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round tife Pole of the ecliptié, while its tail divides
the Bears and nearly surrounds Ursa Minor.

This constellation comtains 80 stars, four of
which are of the 2d magnitude, seven of the 3d,
and ten of the 4th, &c. Of these stars, one of the
2d magnitude, named Etanin, situated in the head
of the Dragon, has §1° 80’ north declination, and
consequently passes vertically over the inhabitants
of London (to which place it is therefore said to
be a celestial correspondent) once every twenty-
four hours.

A line drawn from the middle star of the three
which form the top of the W in Cassiopeia, by
the bright star in the waist of Cepheus, and con-
tinued t8 about the same distance on the other
side of that star, will lead us to the head of Draco,
which will be easily distinguished by four stars
forming an irregular square. Two of these, viz.
Etanin already mentioned, and another called
Rastaban, are of the 2d magnitude, the former
being rather more brilliant than the latter. But
the most brilliant star in this constellation is in
the tail of Draco, and*may be easily distinguished
from its situation, viz. between Mizar in the tail
of Ursa Major and the star immediately below
Kockab in the Little Bear, and at nearly an equal
distghce from both.

Cuosros MEssium, the Guardian of the Harvests,
and TarRANDUS, the Rein Deer, have been formed
out of some small stars usually asssigned to
Cepheus and Cassiopeia. Thé" former of these
constellations was introduced by La Lande, and is
»represented under the figure of a man havini a
sickle in his right band and a staff in his left.
The latter was formed by Le Monnier. The
stars, about 10 in number in each of them, are
mostly invisible to the naked eye.. . -



LECTURE XVIIL 831
CAMELOPARDALIS, fhe Cameleopard, is ®modern
constellation, formed by Hevelius, and contains
48 stars, five of which only are of the 4th magni-
tude, the rest being all smaller. The most con-
spicuous star is situated nearly on the arctic
circle, in the belly of the figure, the neck of which
reaches beyond the Pole, so that the head of the
animal is between the tail of the Little Bear and
that of the Dragon. .

Aurica, the Charioteery, is represented as a
man in a sitting or kneeling posture, supporting a
goat and two kids on his left hand, and holding a
bridle in his right. His head by the apparent
diurnal motion of the sphere, passes vertically
over Englund and Ireland once every twenty-four
hours. The number of stars contained in. this
constellation is 66, among which are one of the
1st magnitude, two of the 2d, and nine of the 4th.
Cupella, the most brilliant star in this quarter of
the heavens, is situated in the left shoulder of
Auriga, or more properly in the belly of the goat,
and forms with the Pole Stur, and Schedir in the
neck of Cassiopeia, an isosceles triangle. A bright
star of the 2d magnitude to the left of Capella is
in the right shoulder of Auriga. In a line drawn
from this star to Alruccabak, and at a somewhat
greater distance from it than Capella, will' be
found a star of the 4th magnitude, which is'the
most southern in Auriga’s head. If the saheér
line be prolonged in the contrary direction, it will,
at about an equal distance on the other side of
the star in Auriga’s right shoulder, lead to a star
of the same magnitude in his right hand, or rather «
in the wrist. a%nder Capelia, and bearing a little
to the right, is another star of the 4th magnitude,
said to be in the right elbow of the Charioteer;
and a little below this again, but inclining rather
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to the leR, are found two dkher stars, also of the
4th magnitude, which indicate the Kids. The
two other stars, by which this constellation is dis-
tinguished, are in the feet. That in the right
foot is of the 2d magnitude, and is about as
far below the star in the right hand, as that in the
right shoulder is above it, but inclines farther to
the right, forming an isosceles triangle with the
two stars in the shoulders. This star is also in-
cluded in the constellation Taurus, in which it
shews the place of the tip of the Bull’s north horn.
The star in the left foot of Auriga is of the fourth
magnitude: it is rather more distant from the
stars in the Kids than Capella, and in an opposite
direction. A linc drawn from Capella, through
the star in Auriga’s right hand, and prolonged,
will pass just above a star of the 4th magnitude
in the bridle reins.

The Lyxx, like the Cameleopard, is one of
Hevelius's constellations. It is situated between
Ursa Major and Auriga. Of 44 stars contained
in this constellation, there are none that exceed
the. 4th magnitude.” One of the most conspi-
cuous stars is situated in the mouth, and is very
nesar the head of Auriga, and two others in the
tail are just under t.hcnlg)re-feet of the Great Bear.
Theseall are of the 4th magnitude.

ANDROMEDA is represented on the map by the
-figure of a woman almost naked, and chained by
both wrists to a rock. This constellation consists
of 68 stars, three of which are of the 2d mag-
nitude, two of the 3d, and twelve of the 4th, the

» remaining stars being all below that size.

The chief stars in Andromeds are Aipheraéz in
the head; Mirack, in the girdle; and Almaach, in the
left foot. A line drawn from the Pole Star, through
that star in Cassiopeia which is nearest the head
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of Cepheus, and prolohged to something more than
an equal distance on the other side, will pass
through the first of these stars, which, it is to be
observed, is common to this constellation and Pe-

asus. In like manner, a straight line drawn from
the Pole Star to that star in Cassiopea which is
nearest it, or farthest from the head of Cepheus,
and extended, will lead us to Almaack, and about
half-way between Almaach and Alpheratz will be
found Mirach, from which, if a line be drawn per-
pendicular to that which connects these three prin-
cipal stars, it will lead to a star of the 8d mag-
nitude, also in the girdle; near to which is a star
of the 4th magnitude, belng the most northerly
star in this part of the constellation : anofher star
of the 4th magnitude is also found between M#rack
and Alpheratz.

Prreeus T Carur MEDUsE, Perseus and the
H:ad of Medusa, are usually considered as one con-
stellation, Perseus is represented with a sword
drawn in his right hand, and the head of Medusa
in his left; having a helmet on his head and wings
at his ancles. There are in”this constellation 59
stars, viz. two of the 2d magnitude, four of the
8d, twelve of the 4th, &c. .

A line drawn from Mirack to Aimaach in Andro-
meda, when produced, will pass through thebright
star Algenib, of the 2d ma%nitude in the bogdy
of Perseus, on each side of which, and nearly in a’
straight line perpendicular to the former, is found
a star of the 3d magnitude, one in Perseus's left
thigh, and the other in his right shoulder. A star
of the 4th magnitude in the left shoulder, forms °
with Algenib the base of a triangle, whose vertex
is the star in the right shoulder. _4lmaach in An-
dromeda, and Algenib, likewise form the base of
a triangle, whose vertex is a bright star of the
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lQl:almrinagﬁitude, called Algol," situated in Medusa's
TRIANGULA, the Triangles, are situated nearl
between Perseus and Andromeda. This constel-
lation originally consisted of but one triangle;
another was however added by Hevelius ; the num-
ber of stars contained in them is 16, three of which
are of the 4th magnitude. The figures are easily
distinguished by the disposition of the stars com-

posing the constellation.

Mvusca Boreavis, the Northern Fly, is a small
but very distinguishable constellation lving to the
left of the triangles. It contains six stars, viz.
one of the 3d magnitude, two of the fourth, &c.

A ling, drawn from Algenib through Algor, pro-
duced, passes by the chicef star, and through the
centre of this constellation.

Groria Freperict, Frederick’s Glory, is a mo-
dern constellation introduced by M. Bode, by
whom it was composed out of some unformed stars
near the right hand of Andromeda. ‘This constel-
lation is represented on the map by the figure of
a sword, with a laurel branch attached to the hilt.
It'contains 42 stars, four of which are of the 4th
magnitade, and will be easily distinguished by its
situation, which is about half way between the
head of Andromeda and that of Cephcus.

Pecasus, the Winged Horse, contains 89 stars,
‘viz. three of the 2d magnitude, three of the 3d,
nine of the 4th, &c. ..

The stars of the second magnitude in this eon-
stellation arc Markab, Scheat, and Algeni; they
form, with Alpkeratz in the head of Andromeda, a
very large square, by which this asterism is easily
recognized. Markab is situated in the fore part of
the wing ; a line from this star to Alpheratz is a
diagonalf of the square, and also the hypothenuse
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of a right angled triangle, formed by lines eonnect-
ing Scheat in the leg with Markab and Alpheratz.
Algenib, the last in the wing, completes the square.
In the mouth of Pegasus is a star of the 3d mag-
nitude, called Enif.

EguuLrus, the Little Horse, is in point of figure
a very imperfect constellation, the head only being
delineated ; hence it has been denominated Equ:
Sectio. It contains 10 stars, of which four are of
the 4th magnitude. Fron® the position of these
stars, which form an irregular quadilateral in front
of the Winged Horse’s head, this asterism is very
easily distinguished.

DevpuiNus, the Dolphing is a very compact con-
stellation, coutaining 18 stars, five of whieh are of
the 3d mngnimdo, the rest are all inferiqr to
the 4th. 'This constellation is very easily distin-
guished, from the five principal stars forming a
conspicuous cluster just in front of Equuleus ; four
of them, in the face of the Dolphin, are in the
figure of a rhomboid, from which the fifth is not
far distant.

LacerTa, the Lizard, wassone of the asterisms
added by Hevelius to the old coustellations. It.
contains 16 stars, three being of the 4th mag-
nitude, and the rest smaller. A straight line
drawn from Scheat in Pegasus to Alderagin 'in
Cepheus will.pass lengthwise through this constel-
laion. .~ . . N L

CYGNUS, the Swan, is situated about midway
betwen the Dolphin and thie Pole; it contains 81
stars, one of which, called Dened, is of the 1st
or 2d magnitude, six are of the 3d, twelve .
of the 4th, &c. A straight line drawn from
Alruccabak to the head of the Dolphin will pass
through Dencb, which is about half way between
the two. 'This star will also be easily recog-
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pised ag the top of a large cross, formed by
the principal stars of this constellation, and
which it may be distinguished without difficulty.
A star of the 3d magnitude in the breast of
Cygnus is in the centre of the cross, the foot of
lech is also indicated by a star of the 8d mag-
nitude, situated in the bill of the Swan, and called
Albireo. The upper arm of the cross puints to
the head of Draco, and the lower to the head of
Pegasus ; each of thent is distinguished by a star
of the 2d magnitude, one being situated in the
north and the other in the south wing of the
Swan.

AguiLa ET ANTINGUS, the Eagle and Antinius,
are genarally considered one constellation, which
is intersected by the equinoctial: the whole of the
Eagle, with the head, shoulders, and left arm of
Antindus, being situated to the north, and the rest
of the asterism to the south of that circle.

It may, therefore, be proper to remark in this
place, once for all, that in referring to the plani-
sphere fog this or any other constellation which is
intersected by the equinoctial, the northern part of
the constellation must be looked for in the map of
the northern, and the southern part of the constel-
lation in that of the southern hemisphere. This
being gbserved, the continuity of the figures will
be easily traced, and the part of any constellation
.delineated on one of thése planispheres cottéspond-
ing to that represented on the other, be found
by means of the circle & hours didg* each
hemisphere, and poinm ﬂnn‘l\‘: asdensich in

. time of the several co tions. e description
of any constellation so situated, and the directions
for finding it, or any of the stars contained in it,
will in future be given in the same manner as if .
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the asterism under consideration were entirely
situated in the northern or southern hemisphere.
This constellation contains one star of the first
magnitude, called Athair or Altair, ten of the
third, three of the fourth, with a number of smaller,
making up in all 74 stars. The Eagle is easily
distinguished by three stars situated in the neck,
the middle one of which, Athair, forms, with
Albirco in the Swan, and the star nearest to it
in the head of the Dolphin, an isosceles triangle,
of which Aibireo may be considered the vertex.
The line drawn from the head of the Dolphin to
Athair, forming the base of this triangle, if pro-
duced on the other side of Athair passes over a
star of the 8d magnitude in the right or south
wing of the Kagle. This star, Athair, a star
of the 3d magnitude in the right shoulder of
Antinbus, and another of the same magnitude
in his girdle, form nearly a diamond ; and a line
drawn from the star in the south wing of the
Eugle through the star in Antintus’s right shoulder,
and produced, conducts to gpother star also of the
3d magnitnde. This last is in Antinous’s right
arm. A line drawn from the star in the girdle of
Antingus through that in the Eagle’s south wing,
prolonged, passes a little above two stars in the
tail of Aquila, both of the 3d magnitude. A
line drawn from the star in the richt shouldem of
Antindus through the star in the girdle continued,
leads to & star of the 3d magnitude in his left
foot, and in like manner a line drawn from the
star in the south wing of Aquila, and crossing the,
former line in the star in Antindus’s girdle, leads
to another star of the 83d magnitude In his knee.
These five last mentioned stars therefore form a

large X. ‘
gZUTUM SomiEeski, Sobiesks’s Shield. 'This con-
stellation is situated near the feet of Antinous. It
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was introduced by Hevelius, and contains only
seven principal stars, of which three are of the
4th magnitude, and the rest smaller. Two of
the largest stars in this constellation are on the
north-east border of the Shicld, and the third is
mear its centre.

SAGITTA, the Arrow, is a small constelation north
of Aquila, and very near to its left wing. It con-
tains eighteen stars, of which four are of the 4th
magnitude; the others are not so lIarge. The shaft
of the arrow passes between two of the principal
stars; the other two are upon it.

VULPECULA ET ANSER, the For and Goose.
This conrtellation is situated to the north of Del-
phinus and Aquila, and is one of those composed
by Hevelius out of the unformed stars of the
ancients. It contains 35 stars, four of which only
arc of the 4th magnitude. One of these is in
the nose of the Fox, very near to .4lbirco in the
Swan, but the exact position of the stars contained
in this unimportant asterism is best acquired by a
comparison of it with the neighbouring constel-
Jations.

Lyra, the Harp or Lyre, contains 22 stars, viz.
one of the lst nitude, two of the 3d, one
of the 4th, &c. This asterism is rendered par-
ticularly conspicuous by the very brilliant star
Veza, or Wega, which is of the 1st magnitude,
and will be found by drawing a line through Atkair,
and the other two stars in the neck of the Eagle;
this line produced northwards passes through Vega.
The other stars, whose magnitudes have been
mentioned, are also very bright stars, and with
Vega form a very brilliant group.

CoroNA Boreaurls, the Northern Crown, is
another very pleasing group of stars, a line from
which to the constellation Lyra forms the base of
s triangle, whose vertex is the Pole Star. Corona
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Borealis contains 21 stars, of which one, called
Alphacca, or Gemma, is of the 2d magnitude;
the other principal stars are six in number, and
are of the 4th magnitude. This constellation is
easily recognised by Alphacca and three stars of
the 4th magnitude forming a crescent. The
other principal stars in this asterism are also con-
spicuous.

Hercures occupies that large space in the
heavens between the Lyre and thc%orthcrn Crown.
He is delineated in a kneeling posture, with the
~kin of the Nemaean lion thrown over his shoulders,
grasping & club in his gight hand, and holding
Cerberus, represented as a serpent wjth threc
heads, and the apple-branch, in his left.  This
constellation contains 118 stars, most of which are
very small, there being only seven of the 3d
magnitude. 17 of the 4th, &c.

A straight line drawn from the Pole Star, so as
to pass just half way between Etanin and Rastaban,
in the head of Draco, will direct us to a star of
the 4th magnitude, in the Jeft foot of Hercules.
The former of the two stars in the head of the
Dragon is the vertex of an isosceles triangle
whose base is Vega and a star of the 4th mag-
nitude, indicating Hercules’s right knce. | A line
drawn from Rastaban through the star in the
left foot of Hercules directs to a star of the 4t
magnitude in his left knee, and a line parallel to
the one last mentioned drawn from the star in his
right knee will pass between a star of the 4th
magnitude and a smaller one near it, and arrive,
at a star of the 8d magnitude, all three in the
right thigh of Hercules. Between the star of the
3d magnitude in the right thigh and that of the
4th in the left knee is another star of the 4th
magnitude, which is in thezleﬁ: thigh, near to which

Q [3
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is a star of the 8d magnitude. A line drawn
from Fega in Lyra to Alphkacca in Corona Borealis
passes throngh a group of four stars, two of which
are of the 3d magnitude, in the body of Her-
cules. A line drawn from the star of the third
magnitude in the left thigh through the most
northerly star in this group, and protronged on the
other side of it, will pass near two stars, of the
3d magnitude, in succéssion, the first of which
is in the hollow under the right arm, the second is
in that arm, and if a straight line passing between
these stars be drawn from Alphacca, it will lead to
a star of the 8d magnifude, called Ras Alucthi,
situated ic the head of Hercules. The left arm is
indicated by four stars of the 4th magnitude in
a straight line with one another, the first of which,
or that nearest the body, forms, with Ras _Algcthi,
the base of an isosceles triangle, having the star
under the right arm for its vertex. ‘/ery near
the first star in the left arm is another star, also
of the 4th magnitude, which is situated in the
breast of Hercules. The second star in this arm
is called Maasym. The last of the four stars in
the arm forms a small triangle with two other stars
of the same magnitude; these are in the left hand,
and aboye them is seen a cluster of stars, of which
Cerberus and the Apple Branch are composed:
five of the stars in this cluster are of the 4th
m'agnitude. .

OPHIUCHUS, VEL SERPENTARIUS ET SERPENS,
Ophiuchus, or the Serpent Bearer and the Serpent, 1
shall describe as one constellation, though it is
perhaps more frequently divided into two parts,
which are considered as distinct asterisms, Ophi-
uchus was anciently denominated ZEsculapius.

This very extensive constellation occupies a
large portion of the heavens south of Hercules,
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and contains 134 stdrs, two of which ate of the
2d magnitude, fourteen of the 3d, thirteen of
the 4th, &c. Of the two stars of the 2d mag-
nitude, one named Ras Alhague is in the head
of Ophiuchus, and the other is in the neck of the
Scrpeut.  Ras Alhague is not far from Ras Algethi
in the head of Hercules, and forms with that star
the base of an isosceles triangle whose vertex is
I'cge in Lyra; and if thg line from Vega to Ras
Algethi, forming one of the sides of this triangle,
be produced beyond the base, it will pass near two
stars of the 4th magnitude, in the left shoulder
of" Ophiuchus. The right shoulder is known by
wo stars of the 3d magnitude, one of which,
namely, that farthest from the head, is the vertex
of a nght-angled triangle whose base is fornfed by
two stars also of the 3d magnitude, situated in
the tail of the Serpent. The basc of this triangle,
produced to a considerable length on the other
side of the perpendicular, conducts to two more
stars of the same magnitude very near together:
these are in the left hand of Ophiuchus. A group
of stars of the 3d and %th magnitudes, just
below the Northern Crown, constitute the head of
the Serpent. A straight line drawn from Ras
Alhague through the most northerly star in the left
shoulder, when produced, passes throtgh the
brightest star in the Serpent, on each side of whijcl

in a straight line, is a star of the 3d magnitude,
and very ‘near to it one of the fourth. If from the
most northerly of the three just mentioned a line
be drawn through the other two, and the most
southerly star in the left hand of Ophiuchus, and®
produced, it will pass through a star of the 3d
magnitude in the left knee, and at a considerable
distance farther will meet a star of the 4th mag-
nitude in his right foot, very near to which is a

Q3
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star of the 8d magnitude. ‘In the right leg, a
little above the instep, is a star of the #th mag-
nitude ; and higher up, a little below the knee,
is one of the 8d. This last forms a triangle
with two stars of the 4th magnitude in the Ser-
pent : it is also the vertex of an isosceles triangle,
the base of which is formed by the star of the
3d magnitude, in the left knee already men-
tioned, and another star of the 4th magnitude in
the left leg.

Tavrus Poxiatowski, the Bull of Poniatowski,
is a small constellation situated between Ophiu-
chus and Aquila, introduced by Abbé Poczobut
in 1778. It is composed of about seven principal
stars, four of which are of the 4th magnitude,
and several of inferior magnitudes. The prin-
cipal stars are for the most part in the Bull’s face,
near the right sheulder of Ophiuchus.

Quabnnans Muravis, the Mural Quadrant, is a
modern constellation, between Draco and the right
leg of Hercules. It was composed by La Lande,
and consists of about'uine stars, all below the 5th
magnitude.

Boorrs is represented as a man in a walking
posture, grasping in his right hand a hunting spear,
and holding in his left the leash of the two dogs
Asterion and Chara, and a reaping hook. This
constellation contains 54 stars, viz. one of the 1st
nragnitude, six of the 3d, eleven of the 4th, &c. It
is rendered particularly conspicuous by its princi-
pal star Arcturus, situated near Biiotes’s lefl knec.
"Fhis brilliant star is the vertex of an isosceles tri-
angle, the base of which is formed by twe stars of
the 3d magnitude in the shoulders of Bootes,
above and between which is another star of the
same magnitude in his head. A line drawn from
the star in the right shoulder to Arcturus passes
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through a star of the®3d magnitude, calléd Mirac,
and above it, bearing a little to the right, is a star of
the fourth magnitude : the girdle of Bootes passes
between these two stars. A littleabove the star in the
right shoulder of Bootes is a star of the 4th magni-
tude, named Alkinrops, in the point of his spear:
a line drawn downwards through these two stars,
and produced, leads in succession to two stars of
the 4th magnitude in his,right leg, below which
are two stars of the 3d magnitude, the one in the
leg and the other in the instep.

Mons MaENALUS, the Mountain Menalus, con-
sists of about 11 stars, all below the 4th mag-
nitude, between the feet ®of Bootes and the Ser-
peut. *

Asrerion ET CHana, vEL CANES VENATICL, the
Grey IHounds, is one of the modern constellations
introduced by Hevelius; it is situated between
Bootes and the hind legs of the Great Bear, and
consisting only of very small stars, is principally
distinguished by the small constellation,

Cor Carovrl, King Clarles’s Heart. .This
constellation is composed dF a single star of the
8d magnitude in the collar of Chara. It forms
a triangle with Benctnasch and the lower star in
the side of the square of Ursa Major, nearest the
tail. It was made a distinct constellation by Sir
Charles Scarborough, physician to Charles 11, in
honour of King Charles I. o

CoMmA*BERENICES, Berenice’s Hair, is composed
of a cluster of 438 stars iinmediately below the Grey
Hounds : ten of these stars are of the fourth mag-
nitude, and the rest are smaller. They are scate
tered in a very disorderly manner through the
constellation, which is however sufficiently remark-
able in the Heavens from the number of stars of

Q¢
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the et!th ahd 5th magnitudes %f which it is com-
posed.

* LEo MINOR, the Little Lion, is situated imme-
diately below the hinder paws of the Great Bear.
This constellation contains 53 stars, one of which
is of the 3d magnitude, five or six of the 4th,
&c. The stars in this asterism are principally
divided into three groups, one forming the head
and fore-paws of the Liqn, the second in which is
the- star of the 8d magnitude, the hody and the
third the taik. A line drawn through the two stars
in the side of the square in the Great Bear nearest
the tail, and produced downwards, conducts to the
star of the 8d magnitutle, in the belly of Leo
Minor, néar to which are some stars of the ath
magnitude, and by these the positions of the other
stars in the constellation may be easily deter-
mined.

TeLescorrum HerscueLns, Herschel's Telescope,
is a new coustellation, introduced in honour of the
celebrated astronomer whose name it bears. It is
situated in the triangular space contained between
the hind legs of the Lynx and the right arm of
Auriga, and is composed of about 17 stars, all be-
low the 4th magnitude.
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LECTURE XIX.

THE ZODIACAL CONSTELLATIONS, AND THE CON~-
STELLATIONS SOUTH OF THE ZODIAC, PARTI-
CULARLY DESCRIBED. — AN EASY METHOD OF
FINPING WHAT CONS‘I‘IELLATIONS AND PRINCI=
PAL STARS ARE ON THE MERIDIAN AT ANY PRO-
POSED TIME.

Having iu the last lecture given a full description
of all the constellations north of the Zodiac, those
which occupy that vast belt or girdle of theestarry
sphere will next engage our attention.

AriEs, the Ram, i1s the first of the zodiacal
constellations, It is situated immediately below
Triangula and Musca Borealis, and contains
sixty-six stars, viz. one of the 2d magnitude, one
of the 3d, two of the 4th, &c. The chief star of
Aries is in the forehead, affd will be found in a
line drawn from the Pole Star to Almaach, in
Andromeda, and produced. To the right of this
star, a little more southerly, is one of the 3d mag-
nitude, situated in the Ram’s left horn, below, and
very ncar to which is a star of the 4th magnitude,
called Mesarthim. ‘The other star of the 4th mad-
nitude is®in the hind haunch, considerably to the
left of the two last mentioned.

TAURUS, the Bull, the second of the zodiacal
constellations, contains one hundred and forty~one®
stars, among which are one of the 1st magnitude,
one of the 2d, several of the 8d and 4th magni-
tudes, &c. This constellation is principally re-
wmarkable for two clusters of stars, the one in the

Q5



346 LECTURES ON ASTRONOMY.
L]

face, andrthe other in the nedk of the Bull. The
former is called the Hyades, in which is Adldcbaran,
the chief star in the asterism: the latter, denomi-
nated the Pleiades, contains a star of the 3d mag-
nitude, named ffcione. This group of stars was
among the ancients represented by a hen and
teven chickens.

Aldebaran  will be casily recognized as the
vertex of an isoscles triangle, the base of which
is formed by Capella in Auriga, and Algol in Caput.
Medusee: it forms the Bull’s southern eye, not
far from which is a star of the 3d magnitude, in-
dicating his northern eye, and making with the
former the base of a small triangle, whose vertex
is a star of the 3d magnitude in the nose.  These,
with ghe small stars near them, constitute the
group above mentioned, called the Iyades. The
bright star in the right foot of Auriga, it has
already been remarked, is common to that con-
stellation and Taurus, in which latter it forms
the tip of the northern horn: the southern horn is
indicated by a star of the 3d magnitude; the situ-
ation of which is pointcd out by a line drawn from
the star in the Bull’s nose, to Aldebaran, and
produced. A straight line drawn from the Bull's
northern eye to the chief star in Musca Borealis
passes just below the Pleiades, which are situated
about half-way between those stars.

 {GEMINI, the Twins, the next constellation in the
order of the signs, contains eighty-five stars, viz.
one of the 1st magnitude, one of the 2d, four of
the 8d, sixth of the 4th, &c. The chief stars in
his asterism are Casfor and Pollux, or Apollo and
Hercules ; they are situated in the heads of the
Twins, and each of them bears the name of the
Twin in which it is placed. Castor is a brilliant
star of the 1st magnitude, and is the vertex of an
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isosceles triangle, whose basc is Capellagn Auriga,
and the star at the extremity of the Bull’s south-
ern horn.  To the south-east of Castor, we find
the bright star Polluz, of the 2d magnitude. To the
south-west are two stars of the 3d magnitude,
making a parallelogram with the two former; the
more northerly of these is situated in the right
knee of Castor, and the other in the left
knce of Pollux. Nearly parallel to these, still
farther towards the soutlt-west, we find four stars
in a line, two of which are of the 3d magnitude.
These lour stars indicate the four feet of the Twins;
a line drawn from the most southerly of which to
Pollux passes through a star of the 3d magnitude
m Castor’s right elbow. A line drawy from this
star to Castor passes through a star of the 4th
magnitude in the top of his harp or lyre. Ina
line drawn from this star to the star in Auriga’s
right shoulder is found a star of the 4th magnitude
in Castor’s left hand ; and in the same right line,
but cxtended on the opposite side of Castor’s lyre,
is another star of the 4th magnitude, situated in
the right shoulder of Pollux.

CaNcER, the Crab, contains eighty-three stars,
seven of which are of the fourth magnitude, the
rest are smaller.  Of the stars of the 4th magni-
tude, two situated in the body of Cancer are called
the Asscs; between which 1s a cluster of small
stars denominated Presepe, the Manger. <The
principa] stwrs in this constellation may be redog-
nized without much difficulty. A line drawn from
the right shoulder of Auriga through Castor con-
ducts to Asellus Australis, the southern Ass: Asel;
lus Borcus, the northern Ass, is above it to the
left hand, but separated from the southern by
Presepe. A line drawn from Asellus Boreus to
Pollux, passes through a star of the 4th magnitude

Q6
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in the second northern leg of the Crab. A straight
line drawn from Castor through dscllus Australis
leads to two stars of the 4th magnitude, in the
southern claw; not far from whi:léx’ is another of
the same magnitude also in the claw. The other
principal star is in the first southern leg.

Lko, the Lion, is a remarkably fine constellation,
consisting of ninetg-ﬁve stars. Of these, two are
of the 1st magnitude, two of the 2d, six of the 3d,
thirteen of the 4th, &c. * The stars of the 1st mag-
nitude are Regulus, called also Cor Leonis, ¢ the
Lion’s Heart;” and Denebola, in the tail. The
latter star forms with Arcturus in Bootes the base
of an isosceles triangle, whose vertex is Cor Caroli ;
and if the base of this triangle be continued through
Denebola, it will lead to Legulus, in the heart of the
Lion. To the right of Denebola is a star of the
3d magnitude, situated in the hind haunch, north
of which is a star of the 2d magnitude in the
back; these two stars are the perpendicular of a
triangle nearly right angled, of which Dencbola,
and the star in the Lion’s haunch, form the base.
A straight line drawn from Regulus to the lower
star in that side of the square of the Great Bear
which is nearest the tail, passes through a star of
the 2d magnitude, in the neck of the Lion. To
the right of this line, and nearly parallel to it, are
found two stars of the 3d magnitude, also in the
peck. If from the more elevated of these two
stars a line be drawn to the northern clgw of the
crab, it will pass through an irregular quadrilateral
in the head of.ILeo, composed of two stars of the
3d magnitude and two of the 4th. Between
Regulus and the southern claw of the Crab we
meet with two stars nearly in a line; the first of
these is of the 8d magnitude, and is in the right
fore-leg of the Lion; the other, situated in his
left fore-leg, is of the 4th magnitude. The hind
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legs of Leo are distipguished by a clustgr of stars,
principally of the 4th and 5th magnitudes.

VirGo, the I'ingin. This constellation is gene-
rally represented in the figure of a damsel with
wings, holding a few ears of corn in her left hand.
The number of stars contained in this asterism is
one hundred and ten, of which one is of the Ist
magnitude, six are of the 8d, several of the 4th,
&c.  The chicf star is called Spica, it forms with
Arctwrus in Bootes, and Benchola in Leo, a triangle
almost equilateral. In the right arm of Virgois a
star of the 3d magnitude, called 7 7ndemiatriz ; this
is situated at about an equal distance from the bril-
liant star in Bootes and encbola. A straight line
drawn from Arcturus to Tindemiatrix, and pro-
duced to ubout an equal distance beyond the latter,
leads to a star of the 3d magnitude, in the north-
ern extremity of the south wing. A line from
Arcturus to Spica passes near a star of the 3d
magnitude, a little above the right knee of the
Virgin; this star is the vertex of a triangle, whose
base is Fademiatriz, and another star of the 3d
niagnitude, in the south wing, between the left
arm and the body of Virgo; and these three stars
with a star of the 4th magnitude, in the mouth of
Virgo, form a large diamond, near the middle of
which is a star of the 3d magnitude, below her
girdle. In a line leading from the star in the
south wing between the arm and body of Vi
to the mpstgortherly star in that wing, is a star
of the 3¢ magnitude, in her left arm, near the
shoulder. ﬁ%ng the bottom of the garment are
threc stars of the 4th magnitude; another of the
same magnitude is found in each foot of Virgo,
and one 1n her left ankle.

LisRra, the Scales, the seventh zadiacal constel-
lation, contains fifty-one stars, viz. two of the 2d
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magnitude, two of the 3d, eight of the 4th, &c.
The situation of this constellation in the heavens
is easily distinguished by the two principal stars,
one of which, named “wben ¢l Genubiy, is in the
southern scale, and the other, called uben es Chi-
mali, is in the northern. This last is the vertex
of an isosceles triangle, whose base is Alphacca in
the northern crown, and Ras .dlgethi in the head
of Hercules. A straight line drawn from /ga
in Lyra, to Juben es Chimali, and produced, passes
through the chicef star in the southern scale. A
star of the 3d magnitude, called Zuben Ilalrabi, in
the northern scale, and another of the #th mag-
nitude in the southern, fprm a rhomboid with the
two starseof the 2d magnitude already described.
The opher star of the 3d magnitude is below the
southern scale.

Scorpio, the Scorpion, situated immediately
below Ophiuchus, is the eighth zodiacal constel-
lation, and contains forty-four stars, of which one,
named Antares, is of the 1st magnitude, onc is of
the 2d, several are of the 8d and 4th, &c. Antares
is remarkable for the zedness of its light, and may
be easily distinguished, from its forming, with
Spica Firginis, the base of a triangle nearly right
angled, of which the perpendicular is the last-
mentiongd star, and Arctwrus in Bootes.  Between
Antares and the rhomboid in the Scales are four
stgrs nearly in a line; the most northerly of which
is the star of the 2d magnitude, the two,next are
of the 3d, and the most southerly is of the 4th:
the three first are in the head, and the last is in
the first south leg of the Scorpion. From the most
northerly in the head and Antares the other prin-
cipal stars in this constellation may be easily
traced, making with them a figure something re-
sembling a large reaping hook, the blade of which
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is formed of the stars constituting the #ail of the
Scorpion, and the handle by those in the body.
SaGrrrarius, the Archery is the next of the
zodiacal constellations. It contains sixty-nine
stars, among which are five of the 3d magnitude,
and nine of the 4th; the remainder are of inferior
magnitudes. Four stars below one another, but
not in a straight line, indicate the bow of Sagit-
tarius. The most northerly of these stars is of
the +th magnitude, and is the vertex of an isosceles
triangle, whose base is Antares in Scorpio, and the
most southerly of the two stars in the right shoulder
of Ophiuchus; a littic lower down, and bearing
to the left, is another star of the 4th magnitude :
this is one of the middle stars in the low, below
which, inclining to the right, is a star of the 3d
magnitude, in the lefi wrist of Sagittarius; and
still Jower, bearing a little to the left, is another
star of the 3d magnitude, which is the most
soutierly in the bow. Near to the star in the
lett wrist of the Archer is another star of the
3d magniinde, in the head of the arrow. The
head of Sagittarius is situated about as far to the
left of the most northerly star of the bow as the
right foot of Ophiuchus is to the right of it, and
is indicated by three stars of the 4th magnitude ;
below which, and inclining a little to the right, is
a star of the 3d magnitude, in the Archer’s lefi
shoulder ; and under this, in a line with the stag in
the left wristeis another star of the 3 magnitude,
which lasteiggituated in the body of Sagittarius.
The remaining stars in this constellation may be
easily traced trom the preceding. .
CAPRICORNUS, the Goat, contains fifty-one stars,
three of which are of the 3d magnitude, three of
the 4th, &c.: it is, however, principally distin-
guished by those of the 8d magnitude; two of
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these aressituated in one ofethe horns, and the
third in the tail. Of the two in the horn, the most
southerly is the vertex of an isosceles triangle,
whereof the base is Ras Algethi in the hea(f of
Hercules, and Antares in Scorpio: the most
northerly is a little above it, and appears double,
having a star of the 4th magnitude close to it.
The star of the 3d magnitude, in the tail, is the
vertex of a triangle almost isosceles, whose base is
Markab in Pegasus, and Athair in the Eagle: a
little to the right of this star is one of the 4th mag-
lli?;lde, called Denebd Algedi ; this is also in the
tail, '

Agquanius, the NWader Powrer, is situated im-
mediately «south of Pegasus and Equuleus, and
contains one hundred and eight stars, viz. four
of the 3d magnitude, six of the th, &c. The
principal stars in this constellation may be found
with great easc; one of them, situated in the left
shoulder of Aquarius, forms, with Dencb Algedi,
in the tail of the Goat, the base of an isosceles
triangle, whose vertex is the southern star in the
Goat’s horn, A strsight line drawn from the
upper star in this horn, to the star in the left
shoulder of Aquarius, and produced, passes throu%vh
another star of the 3d magnitude in his right
shoulder; a little below whi‘::?x, to the left, will be
found a 3d of the same class: this last star is in
tbe Urn, and forms, with two stars of the 4th
magnitude, in the same part of the. ~~nztellation,
a small scalenous triangle. The, atkor star of
the 3d magnitude, named Scheat, is in the right
leg of Aquarius, and forms nearly an equilateral
triangle with the star of the 8d magnitude, in the
tail' of the Goat, and the chief star in the Urn of
Aquarius, in whose right foot is a star of the 4th
magnitude. A straight line drawn from the star in
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the right, through thdt in the left shoulder®of Aqua-
rius, conducts to two stars of the 4th magnitude,
the one in and the other- pear to his left hand:
finally, on the left of the twd stars, in the tail of
the Goat, is found a star of the 4th magnitude,
in the left thigh of Aquarius ; and if fromat%lis star
a line be drawn to the principal star in the Urn, it
will, at about half-way between the two, pass
through Ancha, a star of the 4th magnitude in his
right side. The stars which indicate the course
of the river may be traced with the greatest
facility from those stars whose positions have been
already described.

PiscEs, the Fishes, the® twelfth and last of the
zodiacal constellations, contains one huitdred and
thirteen stars; of which one is of the 8d nwmgni-
tude, several are of the 4th, &c. The star of the
3d magnitude, the chief of this constellation, is
seated on the knot of the riband by which the
fishes are tied. The position of this star in the
heavens is ascertained by a line drawn from Ai-
march in Andromeda, to the bright star in the
Ram, and produced southwards. A straight line
drawn from Sckheat Pegasi throngh Markab leads
to a star of the 4th magnitude, forming the eye of the
more southerly Fish ; to the left of which is another
star, also of the 4th magnitude; and still*farther
to the left, inclining a little to the north, a third
in the tail of the Fish. Bctween this and the st
in the kifot™R@re two or three others of the 4th
magnitude~#fer passing the knot, the riband
takes a northerly direction, and in this part also
are found one or two stars of the 4th magnitude. *
The smaller stars in this constellation are not
quite so easy to trace, but mg, notwithstanding,
be found without any great difficulty.

In receding from the Equator towards either of



854 LECTURES ON ASTRONOMY.

the Poles certain portions of the starry sphere,
about that pole from which the observer retreats,
become entirely lost to his view, being perpetually
hidden below his horizon. This phenomenon has
been fully explained in a former lecture ', when it
was also remarked that those stars which never
rise to the inhabitants of any place, are said to be
comprehended within the circle of perpetual occult-
ation of that place, and that this circle is as far
from the Pole which it surrounds as the place is
from the Equator. It follows, therefore, that the
circle of perpetunl occultation to the inhabitants of
London comprehends all those stars that are
situated within about 51%° of the South Pole, and
which are consequently never visible in our lati-
tudes! 1 shall, therefore, in describing the
positions of the several constellations and principal
stars south of the Zodiac confine my observations
chiefly to those which are comprehended between
the zodiacal constellations, and the circle of per-
petual occultation of London above mentioned.
This circle is marked on the map of the southern
hemisphere, as that of perpetual apparition (com-
prehending all those stars which never set to the
inhabitants of London) is on the map of the
northern.

Cerus, the Whale, which occupies a greater
space than any other constellation in the sphere
oft the heavens, is situated immediately south of
Aries and Pisces, and contains ninéty-seven stars,
one of which is of the 2d magnifde;'ten are of
the 3d, several of the 4th, &c.

Menkar, the principal star in this constellation,
is situated in the upper jaw, and forms, with the
Pleiades and the chief star in Aries, an equilateral

Y

! See Lecture vii. pp. 115, 116,



LECTURE XIX. 355

triangle. A straight®line drawn from e star in
the Bull’s northern horn, through Menkar, and
continued to almost an equal distance on the other
side of the latter star, will arrive at a star of the
3d magnitude, called Dened Kiiitos, in the tail of
Cetus, and rather more than halfzway between
Menkar and Deneb will pass just above a star of
the 3d magnitude, in the belly, named Baten
Kiiitos. 'The same line galso passes through two
stars of the 3d magnitude, near to Menkar ; the
nearer is situated in the lower jaw, and the other,
which is a very singular changeable star, called
Mira, is in the neck of the Whale. Still nearer
to Menkar than either of these two, but a little
above the line on which they are situated, is an-
other star of the 3d magnitude, just below the
Whale'’s cye.  Considerably below Mira, a little
to the left, are two stars of the 3d magnitude,
forming, with two stars of the 4th magnitude, to
the right of them, a small irregular square in the
breast of Cetus. Below these, in the thigh, is
anuther star of the 4th magnitude. Between Ba-
ten Kiitos and Deneb are Yhree stars of the 8d
magnitude, forming with Baten a quadrilateral in
the Whale's belly ; and considerably above Dencd,
to the right, is the most northerly star in the tail;
this is also of the 8d magnitude. .

OFFICINA SCULPTORIA, the Sculptor’s Shop, is a
modern constellation, situated directly south of the
tail of Ceftr®™and contains a number of small stars
all below eremsth magnitude. This constellation
was composed by M. La Caille.

MACHINA ELECTRICA, the Electrical Machine, is’
one of M. Bode’s constellations, consisting of
twenty-one stars, the two principal of which are of
the 5th magnitude. It is situated immediately
below the Whale’s belly.
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ForxAx CHEM:icA, the Chemist's Furnace, is a
constellation composed by M. La Caille, contain-
ing two stars of the 3d magnitude, and several
smaller ones. The two principal stars in this
asterism are nearly north and south of each other,
and will be found below the Whale, directly south
of Meukar.

Orion, the most brilliant constellation in the
heavens, is genecrally rpresented by the figure of
a man, having a club in his right hand, the skin
of a lion in his left, and a sword in his belt.  This
beautiful asterism contains seventy-eight stars, two
of which are of the 1st magnitude, four of the 2d,
three of the 3d, sixteemrof the 4th, &c. Four of
the nine principal stars in this splendid constel-
latiorr form a trapezoid, at the upper lefi-hand
corner of which is Befclgeur, one of the stars of
the 1st magnitude: at the right band upper
corner is a star of the 2d magnitude, called Bel-
latriz. 'The former of these two stars is in Orion’s
right, aud the latter in his left shoulder. In the
lower right-hand corner, or in the left foot of
Orion, is Rigel, the other star of the 1st magnitude.
The fourth corner is formed by a star of the 8d
magnitude, which is sitnated in Orion’s right knee.
About the middle of the trapezoid, in a straight
line, inelining to the horizon from right to left,
and very near together, are the other three stars
ofithe 2d magnitude: they constitute the belt from
which Orion’s sword is suspended, <&the hilt of
which is another star of the 3d emsgnitude, the
remaining one being situated near the extremity
of the scabbard. A little north of Betelgeur and
Bellatriz, at nearly an equal distance from both,
is a star of the 4-tf1' magnitude; in Orion’s head,
and between this Bellatriz and Taurus, are several
others, also of the 4th magnitude, in the hide of
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the Lion; the exact position of these, however,
as also of those which form Orion’s club, situated
between his head and the feet of Gemini, together
with several others in various parts of this con-
stellation, will be easily traced by means of those
principal stars, whose situations have been parti-
cularly described, — and to find which in the starry
flphere it is only necessary to give this general

irection ; namely, that a Straight line drawn from
the Pole star to t{le star in the right heel of Auriga,
or the tip of the Bull’s northern horn, and pro-
duced southwards, passes through the midst of
this asterism from north tg south.

Lepus, the Hare, is situated immediasely south
of Orion: it consists of nincteen stars, viz._three
of the 3d magnitude, seven of the 4th, &c.  One of
the stars of the 3d magnitude in this constellation
is situated in the right shoulder of the Hare, and
is the vertex of a triangle nearly isosceles, having
for its base Rigel and the star of the 83d magnitude
in Orion’s right knee. Below this, and a little to
the right, is another star of dhe 3d magnitude, in
the right fore thigh; and still lower, to the left,
is the other star of the 8d magnitude, situated in
the right hind foot of Lepus: these three stars
form a small triangle. Between the most northerly
of these stars and Rigel are two stars of the
4th magnitude : the one in the Hare’s right egr,
and the qther, in his snout. Below the star In
Orion’s righg knee are two stars of the 4th mag-
nitude, in the back of the Hare, and farther to
the left another, indicating its tail. A little above
the star of the 8d magnitude, in the right hind
foot, is one of the 4th magnitude, this is in the
left hind foot; and to the,west of this star, in a line
passing a little below the star of the 8d magnitude,
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in the Hare’s right thigh, is found a star of the
4th magnitude, in his left fore foot.

Fruvivs Eripanvs, the River Po, is a very
extensive counstellation, commencing at the left
foot of Orion, whence it pursues a winding course
to Cetus, and thence assuming a serpentine form,
it passes under Fornax Chemica, and Machina
Electrica, and is finally lost under the Pheenix,
a constellation whose ficinity to the South Pole
renders it invisible in our northern latitudes.
This is likewise the case with that part of Eridanus
which is below Cetus. There are cighty-four
stars in this asterism, of which one is of the Ist
magnitudg, one of the 2d, eight of the 3d, twenty-
one of the #th, &c.  The star of the 1st magnitade
is called 4chernar; but being situated at the
southern extremity of the constellation it cannot
be seen by us. The star of the 2d magnitude is
the most southerly of the northern stream. A
straight line drawn from Capella in Auriga, to Al-
debaran in Taurus, and produced in a southerly
direction, passes through this star, which is about
as far distant from 4ldebaran as the latter is from
Capella. One cof the stars of the 3d magnitude
in Eridanus is sitnated to the north of Rivel in
Orion: _several others of the same magnitude, and
a few of the tth, arc found between Orion and
Cetus; and by these the course of the northern
stream of Eridanus may be easily traced. The
southern stream being invisible to us, no particular
description of the stars composing™Tt will be given,
.the principal of which are, however, laid down in
the map of the southern hemisphere.

Psavrerium Geonciy, George’s Harp, is a
new constellation, and was introduced by a Ger-
man astronomer, in honour of His late Majest
George III. It consists of about eleven small
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stars, and is situated on the northern Stream of
Eridanus, between Orion, Cetus, and Taurus.

BRANDENBURGIUM SCEPTRUM, the Sceptre of
Brandenburg, was composed by Geoffroi Kirch, in
the year 1688, and consists of about six stars, three
of which are of the 4th magnitude. It is situated
to the right of the Hare, and the left foot of Orion,
and may be easily recognised by its three principal
stars, situated in a straighs line, and which, if pro-
duced northwards, would, after crossing Eridanus,
pass through the star of the 8d magnitude, in the
nosc of the Bull, or the most southerly of the
Hyades.

Canis MiNow, the Litlle Dog, is situated con-
siderably to the left of Betelgeur in Orion, and
south of the Twins, and contains fourteen “stars,
viz. one of the 1st magnitude, one of the 3d, &c.
DProcyon, the chief star in this constellation, may
be casily found, from its forming aun cquilateral
triangle with Z2igel in Orion, and the bright star
in the tip of the Bull’s northern horn. ‘I'o the
right of Procyon, and above it, is the star of the
Sd magnitude : it is situated ‘In the collar of Canis
Minor.

MoNocERos, the Unicorn, is one of Hevelius’s
modern constellations. It is situated to the left of
Orion, below .Canis Minor, and contains thivty-one
stars, several of which are of the 4th magnitude, and
the remainder of inferior orders. "The principhl
stars are disirtbuted through the different parts
of the conertaidon, as follows, viz. one in the eye,
one in the nose, one in the left fore foot, one in
the right ear, one in the collar, one in the belly, '
one in the extremity of the tail, and two near the
haunch below the tail. The head of the Unicorn
may be easily distinguisfied, but the other parts of
the figure cannot be recognised without consider-
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able difficulty, and continual reference to the
neighbouring asterisms.

RGO Navis, the Ship Argo, contains sixty-four
stars, of which one is of the 1st magnitude, six
are of the 2d, nine of the 3d, nine of the 4th, &c.
Only a very small part of this constellation ascends
above our horizon, and consequently but few of
its principal stars ever become visible to us:
among these, however, & one of the 3d magnitude,
called Markab : it is situated in the stern of the
vessel, nearly due south of Procyon, in Canis
Minor, but at a considerable distance from that
star. To the left of Markab, and a little more
northerly, is another star of the 3d magnitude,
also in the stern: these two stars, with a few of
the 4th magnitude, are the only considerable ones
in this asterism that are ever visible in our lati-
tudes. Its chief star, named Canopus, is at the
southern extremity of the second oar, and conse-
quently invisible to us.

Pyxis NavTica, the Mariner’s Compass, is
situated in the rigging of the ship Argo, and con-
sists of a few stars, all below the 4th magnitude.

Canis MAJoR, the Great Dog, is situated be-
tween Orion and Argo Navis, and contains sixty-
four stars, among which are one of the 1st mag-
nitude, four of the 2d, two of the 8d, five of the
ath, &c.  Sirius, the chief star in thfi constellation,
appears more brilliant than any-other star in the
firmament : it is situated in thé snotit of the Dog,
and forms a triangle almost equilaferal with Betel-

. geux in Orion, and Procyon in Canis Minor : also
if a straight line be drawn from the stars in Orion’s
belt, to Markab in Argo Navis, it will pass through
this celebrated star. A little to the right of Sirsus,
and rather lower, is a star of the 2d magnitude,
in the left fore paw, A line drawn from Betelgeux
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to Sirius, and proddced, passes nearly. through
another star of the 2d magnitude, situated in the
back ; this last forms a small triangle with the two
remaining stars of the 2d magnitude, one of which
is in the right hind haunch, and the other in the
tail of the dog. Between the two stars forming the
right side of this triangle, is one of the stars of the
3d magnitude; this is in the dog’s belly : and con-
siderably to the right is the other, situated in the
left hind paw. The stars of the 4th magnitude
will be readily found from their position in the
ficure, one being situated in the head, another in
the collar, a third in the right hind foot, &ec.

MacuiNa Lyrocrapuia, the Printipg Press,
is a modern constellation, composed by M. Bode;
it consists of about sixteen small stars, none of
whicli exceed the 5th magnitude.

Corumsa Noacut, Noak’s Dove, is a modern
constcllation, situated immediately below Lepus,
between the hind feet of Canis {\Iajor, and the
beginning of the southern stream of Eridanus.
This asterism contains twenty-six stars, one of
which is of the 2d magnitude, one of the 8d, two are
of the 4th, &c. A straight line drawn from Pro-
cyon in Canis Minor, to Sirius, when produced,
passcs through the chief star in Columba. The
star of the 3d magnitude is situated a little lower,
te the left of the former, and from these two stars
the positions of the other principal stars in this
constellationl inay be easily traced.

CeLa Sturrronris, vel PRAXITELES, the En-
graver’s Tools, is a modern constellation, consist-
ing of sixteen stars, none of which exceed the 5th
magnitude, It is sitnated between Columba
Noachi and the southern stream of Eridanus.

SEXTANS, the Sextant, is also a modern constel-
lation, consisting of forty-one stars, only one of
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which exceeds the 5th magnitude. This asterism
was formed by Hevelius out of the Stellce informes
of the ancient astronomers, and is situated directly
below the Lion. The principal star of this con-
stellation is of the 4th magnitude; it is due south
of Regulus, and about as far distant from it as
Regulus is from the most northerly in the neck of
Leo.

HyDRA, the Water Seppent, surpasses in length
every other constellation in the heavens, com-
mencing directly south of the Crab, and termi-
nating immediately below the southern scale. T'his
asterism contains sixty stars, among which will be
found ong of the 2d magnitude, called .iphard,
one of the 3d, several of the 4th, &c. A straight
line drawn from Bellatrie in Orion, to Procyon in
Canis Minor, and continued, passes through a
group of four stars of the 4th magnitude in the
head of Hydra. A little farther to the left, and
rather more southerly, is another star of the 4th
magnitude, in the neck of the serpent, to the south-
east of which, and nearly on a line with the chief
star in the Sextant, is found another star also of the
4th magnitude, which last is situated in a flexure of
the neck. South of this star, a little inclining to
the west, is Alphard, in the heart of Hydra, the
most brilliant star in the constellation. Nearly
squth of the chief’star in the Sextant, is another
star of the 4th magnitude, in the belly of Hydra,
and if a line be drawn from Alphard to this star,
and g@ntinued to about an equal Qistarice on the
_other side, it will lead to another star of thc 4th
magnitude. Passing nearly in a south-easterly
direction from this star, below two stars, one of
the 3d, the other of the 4th magnitude, in the con-
stellation Crater (hereafter to be spoken of ), we
come, at a considerable distance from them, to two
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stars of the 4th magtlitude in succession ' and pur-
suing the serpentine direction of Hydra, (which
after ascending a little proceeds nearly due east,)
we come to a star of the 3d magnitude, (the only
one of that class in the constellation,) situaged
to the south of Spica Virginis. Farther to the
left, and a little more southerly, is one more star
of the 4th magnitude, which is the last star of con-
sequence in this asterism.e

CRATER, the Cup, is situated immediately below
the hind feet of Leo and the head of Virgo, and
contains thirty-one stars, one of which is of the
8d magnitude, several are of the 4th, and the re-
mainder of inferior magnitudes. The gtar of the
5d magnitude, and one of the 4th, called Alkes,
are situated in the foot of the Cup, and Will be
ea:ily recognised, being those two stars beneath
which the Hydra was traced: the other stars in
this constellation will be most easily found by
tracing their position relatively to the principal
stars in

Convus, the Crow, which lies cast of the Cup,
hetween Virgo and Hydra, and consists of nine
stars, thrce of which are of the 8d magnitude,
two of the 4th, &c. Onec of the stars of the 3d
magnitude is situated in the feet of the Crow,
and is the vertex of a small triangle, whose base
is formed by the other two stars of the 8d magnj-
tude, one of which indicates the left, and Phe
other the right wing; the latter is called Algorabd,
and is tht mofe distant from the Cup. One of
the stars of the 4th magnitude is in the Crow’s
head, and the other in the bill.

Avis SovriTamia, the Bird of the Desert, is a
modern constellation, situated on the tail of Hydra,
south of Libra, and the feet of Virgo. It con-
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tains eighteen stars, all of them below the 4th
magnitude.

CENTAURUS, the Centaur, is one of the old con-
stellations, and occupies a very considerable space
belew the tail of Hydra. It consists of thirty-five
stars, riz. one of the 1st magnitude, three of the
2d, six of the 3d, nine of the 4th, &c. The star
of the 1st magnitude is situated in one of the fore
feet, and is therefore tod near the South Pole to
be visible to the inhabitants of Great Britain; and
this is likewise the case with most of the other
principal stars in this constellation. The only
stars of importance in the Centaur that ever rise
above ounk horizon, arc one of the 2d magnitude
in the left shoulder of the Centaur, one of the
8d in his right shoulder, and four stars of the
4th magnitude, all of which are in his head.

Lurus, the Iolf; is situated to the east of Cen-
taurus, and centains t\\'enty-four stars, among
which are one of the 3d magnitude, several of the
4th, &c.

MacuiNa PNEUCMATICA, the Air Pump ; and

TFELts, the Cat, arc modern constellations, situ-
ated between Hydra, Centaurus, and Argo Navis.
They consist entirely of small stars, none of them
exceeding the 5th magnitude. _

Piscis AUSTRALIS, the Southern Fish, is one of
the ancient constellations, and contains twenty-
four stars, one of which, called Fomallaut, is of
the 1st magnitude: it is situated in the eye of the
Fish, and may be easily found, béing duc south
of Scheat Aquarii, and at no great distance from
that star ; it may also be recognised by its forming
a small triangle with two stars of the 8d magni-
tude, one of which is in the Fish’s back, and the
other in its belly. There are also some stars of
the 4th magnitude in this constellation, whose
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positions may be eafily traced from those already
described.

Microscoprum, the Microscope; and

Le BarrLoN AEROSTATIQUE, the Air Balloon,
are modern constellations, situated directly south
of Capricornus, between Piscis Australis and the
hind legs of Sagittarius. The stars contained
in these constellations are all below the 4th mag-
nitude. .

We come now to those circumpolar stars
which never ascend above our horizon, concern-
ing which I shall content mysclf with making a
few brief obscrvations, chicfly with regard to their
relative situation in the Celestial sphere

The Piainix, unlike most of the modern con-
stellations, was not formed out of the stellcc (nformes
of the ancients, neither was it included in any of
the ancient constellations, but was known as a
distinet asterism to the Arabian astronomers from
a very early period, under the name of the Griffin
or Eagle. Tt is situated between Officina Sculp-
tovia and the extremity of the southern strcam of
Eridanus.

Hybrus, the Water Snalke, is a modern constel-
lution, and is found between the Pheenix and the
South Pole.

Honovrocium, the Clock, and

RericuLus Ruomsoivavis, the Rhomboidal Net,
are situated to the cast of Hydrus, between it ahd

Dorano vel XipHias, the Sword Fish, which is a
small astetism situated at the southern Pole of the
ecliptic, and extending lengthways towards the
southern stream of Eridanus.

EguuLtus Picronius, the Painter’s Easel, is
immediately south of Columba Noachi, lying be-
tween it and the southern Pole of the ecliptic.

n3



366 LECTURES ON ASTRONOMY.

Piscis Vovraxs, the Flying Fish, is situated on
the antarctie circle, in a line drawn from Pixis
Nautica to the South Pole of the World.

Rosur Caroti, Charles’s Oak, is south of Ma-
china Pneumatica, a line drawn from which to the
South Pole passes through Robur Caroli and

CHaAMELION, the Chamelion ; the latter is, there-
fore, south of the Oak.

Musca AvsTravis vel Aris, the Southern Fly
or Bre, is a very small constellation, situated at the
foot of

Crux, the Cross, an asterism containing five
stars, one of which is of the 1st magnitude, two
are of the, 24, one is of the 3d, and one of the 4th..
By this brilliant constellation those who navigate
the southern hemispherc can as readily find the
Antarctic Pole as we can the Arctic by the
Great Bear, for the two stars which respectively
indicate the summit and the foot of the Cvross,
having nearly the same right ascension, are always
in a line with the South Pole, and consequently
become the load-stays or pointers of the south.
For the same reason it follows that the constellation
must be almost vertical at the moment it passes the
meridian; and as it is well known to the inhabitants
of the southern regions at what hour of the night
in different seasons the ¢ bright Cross of the
south” is erect or inclined, it 1s to them a time-
picce that advances very rcgularly almost four
minutes a day. Professor ITumboldt, in his inter-
esting  Travels in South America,” has given a
very animated account of this remarkable asterism.

Arus vel Avis INDica, the Bird of Paradise ;

TRIANGULUM AUSTRALIS, the Southern Triangle ;

and o
CirciNus, the Compasses, are three siall mo-
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dern constellations Situated between tht head of
Lupus and the South Pole.

Quabra Evcrivis, Luclid's Square, is directly
south of Scorpio, between it and Triangulum
Australis.

Ana, the Altar, is situated immediately below
the tail of Scorpio.

Mons Muxns.x, the Table Mountain, is a modern
constellation, situated befween the South Pole of
the World and that of the ecliptic.

Ocraxs HapLEianvs, Tladley’s Octant, will be
casily recognised on the map from its situation in
the South Pole of the World.

Pavo et Invus, the Placock and the Indian, are
sometimes  considered as one constellatidn.  They
are sitnated between Sagittarius and Octamy Had-
leianus.  The most brilliant star in the asterism
forins the eye of the Peacock. The Indian is
usually represented in an crect posture with an
arrow in his left hand, and a quiver at his back.

TeLEscorivM, the Telescope, and

ConroNa Austnanis, the Southern Crown, are
situated between the Peacdek and the bow of the
Archer.

GRrus, the Crane, and

Toucuan, the American Goose, are found in
succession, in a line drawn from the tail of Piscis
Australis to the South Pole of the Ecliptic.

Nustcura MINOR, tke Lesser Cloud, is situted
between the thil of Hydrus and Mons Mensz.

Nuse€ura MaJsor, the Greater Cloud, is found
between Mons Mensae and the head of Dorado.

In concluding this account of the constellations it
is proper to remark, that the description I have now
given of each, applies to it only when on or near the
meridian. Thus, in describing the position of the
stars in Orion’s belt, I took occasion to observe
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that they‘ were situated “ in « straight line inclining
to the horizon from right to left  now this is only
true when Orion is very near the meridian, for
when rising in the east, these three stars are almost
in a perpendicular direction, and when setting in
the west, they become perfectly horizontal. The
same may be observed of the two principal stars
in Canis Minor, and similar instances are to be
met with in most of theswther constellations.

In order, thercfore, to facilitate the application
of the astrographical instruction which I have
now presumed to offer, I shall, in concluding this
lecture, give a very simple method of finding, by
means of the celestial planispheres, what constel-
lations and principal stars culminate, or come to the
mcridian at any given time. These planispheres
or maps of the heavens, as was before observed,
are projected on the plane of the equinoctial, which
circle, therefore, becomes a boundary to each of
them, and upon it the right ascension is marked
both in time and degrees. The meridians or hour
circles (which in this projection would have been
straight lines), with the exception of the colures,
have been omitted to avoid confusion, and in the
room of them a silk string is fixed in the centre
of each planisphere. This string possesses all the
advantages of a movable meridian, and can be
hrought to coincide with any point on the cir-
cumterence of the map at pleasure. The declin-
ation is found from that quadrant of the equinoctial
colure which is graduated for that’ purpose. The
secondaries and parallels to the ecliptic, or circles
of longitude and latitude, are represented, the
former by dotted arcs from the Pole of the ecliptic
to the periphery of each map, and the latter by
dotted circles drawn concentrically to those Poles.
On these Planispheres, each of which presents onc
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half of the ecliptic, the Polar Circles agd Tropics
are also inserted, the former at 284, and the latter
at 66} degrees fromn the Poles.

Now, in order to find what constellations
and principal stars are on the meridian at any
given timne, first let the proposed day be sought
on the calendar of mopths laid down on the ma-
chine, against which will be found the sun’s longi-
tude or place in the ecliptic for that day, and
observing whether this be among the signs marked
¢ NORTHERN,” or  SoUTHERN SIGNs,” find the
corresponding point on the map of the northern
or southern hemisphere accordingly ; the silk string
extended over that poing will cut the Sun’s right
ascension, cither in time or degrees, agmongst the
divisions on the circumference of thg, map.
Sccondly, consider whether the proposed time be
before or after noon ; — if the former, move the
string backwards so many hours as the proposed
time wants of noon; but if the latter, advance the
string forwards so many hours as the given time
is past noon. Finally, letting the string remain
in this position, notice what degree on the pe-
riphery of the planisphere is now cut by it, and
extend the silk string in the centre of the other
planisphere over the corresponding degree on its
circumference. The strings thus dispoged form
a complete meridian on the two maps, extending
from the North to the South Pole, and pasgng
over all the constellations and principal stars which
culminate at the given hour. Those stars, how-
ever, on the map of the southern hemisphere,
between the circle of perpetunal occultation and the
South Pole, over which the meridian passes, will
be invisible, being below our horizon; and those
stars which are in thg line of the meridian, pro-
duced through the Pole in the northern hemispﬁere

RS



370 LECTURES ON ASTRONOMY.
L]

to the opposite side of the cirgle of perpetual ap-
parition, will come to the meridian below the Pole,
and be above the horizon at the proposed time.
For example, suppose it were required to find
what stars come to the meridian on the 1st of
February at 8 o’clock in the evening? The Sun’s
longitude on that day is found to be 10 signs
13 degrees, or 13 degrees of Aquarius, which
being a southern sign, must be looked for in the
ecliptic on the map of *the southern hemisphere,
then extending the silk string over this point to
the circumference of the map, his right ascension
is found to be 315° or twenty-one hours; from
which moving the string forwards cight hours, be-
cause the proposed time is 8 o’clock in the evening,
or cigbt hours past noon, we come to 75°% or five
hours, which is the right asceusion of all thosc
stars south of the equinoctial, over which the
string in this situation passes; then bringing the
string in the centre of the map of the northern
hemisphere to the corresponding division on the
circumference of that map, it will in like manner
pass over all those stars north of the equinoctial
having the same right ascension. All the stars,
therefore, both in the northern and southern he-
misphere, whose right ascension is 5 hours or 75
degrees, culminate at eight o’clock in the evening
on the 1st of February. Amongst these, proceed-
g from the North Pole southwards, the principal
are, CapELLA in Auriga, and RigEer in the left
foot of Orion. The two brilliant constellations,
Auriga and Orion, therefore, are both on the me-
ridian; the former occupying the zenith, the bril-
liant Capella being only 5% degrees south of that
point. The other constellations culminating with
them are Camelopardalis, between Auriga and
the Pole, and Lepus with Columba Noachi, south
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of Orion, the latjer being the mosf southerly
asterisin at that time above the horizon. On the
meridian below the Pole, are found Ursa Minor
and Draco, the head of the latter being at no great
elevation above the horizon’.

Having, by the simple method now pointed out,
ascertained what constellations are on the meridian,
at the time of his examining the heavens, and made
himself perfectly familiar with the names and posi-
tions of the principal sters contained in them, the
student may proceed to contemplate the neighbour-
ing asterisins, the relative position of which may
be found in the Planispheres by inspection ; and
thus, in the course of a,few evenings, at different
scasons of :he year, devoted to this delightful study,
he may without difficulty become familjar with
every constellation and principal star, which is
ever visible in our latitudes.

The Ecliptic and Equinoctial, however, being
the most important circles of the sphere, the stu-
dent should by no means neglect to make himself
acquainted with their true position in the heavens
as early as possible, a task ghich he will easily ac-
complish by the assistance of the Planispheres.

1 Many of the most important problems, usually worked
by the Celestial Globe, may be solved with much more easc
and cxpedition, and with sufficient exactness for general pur-
poses, by means of these Planispheres. These, for obvious
reasons, could not with propriety be introduced in the Lgc-
turcs, but will be foundin the Appendix, together with ffany
other useful Problems, systematically arranged under the head
of “ PnorpEMs Ayp EXERCISES ON THE ASTRONOMICHN,”
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LECTURE XX.

ON THE PARALLAX AND DISTANCE OF THE FIXED
STARS.— ON THE PROPER MOTION OF THE FIXED
STARS, ARISING FROM THE PROGRESSIVE MOTION
OF THE SOLAR SYSTEM,—ON NEW AND VARIABLE
STARS. — ON DOUBLE STARS. — ON NEBUL¥ AND
THE MILKY WAY.— OF THE DIFFERENT SYSTEMS
OF THE HEAVENS. — OFTHE PTOLEMAIC SYSTEM.
= OF THE EGYPTI1AN SYSTEM. — OF THE COPER-
NICAN SYSTEM. — THL TRUTH OF THF. COPEKNI~-
CAN SYSTEM DEMONSTRATED.—OF THE DIURNAL
MOTION OF THE EARZH.— OF THE EARTH'S
ANNUAL ™M OTION.

Tuc fixed stars, even when cxamined with the
most powerful telescope, do not ¢xhibit any sensi-
ble disc, but appear merely like luminous points
in the heavens; a striking proof of the immense
distance of these bodies. This is, however, still
more effectually demonstrated, in the failurc of
every attempt t{;at has,hitherto been made, to dis-
cover their annual parallax, or the angle subtend-
ed at any of them, by the diameter of the earth’s
orbit.

Dr. Bradley, whose observations were conducted
-with so much accuracy, as to lead him to the dis-
ceyery (as we have already seen) of the aberration
of light, was entirely unsuccessful in his endea-
vours to ascertain the annual parallax. The me-
thod he employed for this purposé was the same
that had been previously practised by Hook, Flam-
stead, and other astronomers, and consisted in
observing the meridian altitudes of the stars, when
the earth was in opposite ppints of its orbit; these
observed altitudes were then corrected by refrac-
tion, aberration, and nutation: the difference in
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the place of the stags, after these correctjons, would
be the parallax sought; and Dr. Bradley asserts,
that if this parallax had amounted to a single se-
cond, or two at the most, he should certainly have
detected it, in the numerous observations he made
upon stars near the zenith, especially upon the
star Etanin, or y Draconis. Irom the uncertainty,
however, of the refraction, aberration, and nuta-
tion, this method is obviously subject to great dis-
advantages. To obviate which, Dr. Herschel has
proposed a method by means of double stars, which
is not only free from all liability to these errors,
but is besides of such a peculiar nature, that the
parallax, even if it shquld not exceed the tenth
part of a second, may still become visiple, and be
ascertained to a much greater de%ree of accuracy
than by any other method which has yet been de-
vised.  Of this method, the first hint of which was
given by Galileo, my limits will not permit me to
give a particular description; it however appears
to me to proceed upon assumptions too arbitrary
te be generally admitted ; neither does it seem to
have led to any more satisfactory results, respect-
ing this grand object of enquiry, than had been
previously obtained: Dr. Herschel's observations,
like all others which have yet been made for the
purpose of discovering the annual parallax, only
tending to prove that the diameter of the earth’s
orbit, in length one hundred and ninety millions of
miles, does not subtend a sensible parallactic angle
at thenearest fixed star.

Mr. Mitchell has proposed an enquiry into the
probable parallax antf magnitude of the fixed stars,
from the quantity of light derived from them, and
the peculiar circumstances of their situation. In
this investigation, Mg, Mitchell sets out with sup-
posing the stars, at a medium, to be equal to our
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sun in magnitude and natural brightness ; and that
Saturn, in opposition, exclusive of his ring, is equal
in light to the most luminous fixed star; and then
proceeds to enquire, what would be the parallax of
the Sun, if he were removed so far from us as to
make the quantity of light which we should then
receive from him no more than that of Saturn, or
of the nearest fixed stars. Now, the distance of
Saturn from the Sun is equal to about 2,082 of
the Sun’s semidiameter®; the intensity of light,
therefore, being reciprocally as the square of the
distance, the density of the Sun’s light at Saturn
will be less than at his own surface, in the ratio of
the square of 2,082, or $,3384,72% to 1. Saturn,
theref!ore, must be less luminous than the sun in
the same: proportion. Again, the apparent diame-
ter of the Sun is about 105 times greater than that
of Saturn in opposition: hence, the light we re-
ceive from the former must be diminished also in
the ratio of the square of 105 or 11,025 to 1. It
follows, therefore, that by multiplying these two
numbers together, we shall have the total light of
the Sun to that of Saturn, nearly in the ratio of the
square of 220,000, or 48,400,000,000 to 1.—
Hence, removing the Sun to 220,000 times his
present distance, he would still appear at least as
bright as Saturn, and his whole parallax upon the
diameter of the Earth’s orbit would be less than
24, and this, by the hypothesis, must be assumed
as the parallax of the most brilliant of the fixed
stars.  Pursuing the same train of reasoning, this
ingenious gentleman makes the annual parallax
of the least fixed stars of the 6th magnitude to be
from about 2" to 3", and their distance from about
eight to twelve million times that of the Sun. Upon
this supposition, the parallex of the smallest stars
of the second magnitude should be about 12",
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and their distance about two million times that of
the Sun.

In this computation, Saturn has been supposed
to reflect all the light he receives, but this is far
from being the case; and it is probable, that if we
could estimate truly in what proportion that planet
reflects and absorbs the light which falls upon it,
we should find occasion to increase the computed
distance, in a ratio which would make the annual
parallax of the brightestefixed star (supposing its
light not to exceed that of Saturn, and its magni-
tude to equal that of the Sun), considerably less
than 17,

If, however, we admit the annual parallax of
the nearest fixed star, supposc Sirius, to be 17,
which is probably much too great, its distance
will be no less than 20 billions of miles, a distance,
through which light travelling with the immense
velocity of 195,072 English miles per second,
could not pass in less than thrce years! At what
a truly inconceivable distance, then, must those
minute stars be placed which can scarcely be dis-
cerned, even by the aid of fhe most powerful tele-
scope, when the most brilliant star in the firma-
ment cannot be less than 20 billions of miles from
us! We shall probably be far from unreasonable,
in concluding with Huygens, that there may be
stars so remote, that the first beam of light which
they emitted at their creation has not yet reached
our Earth. ®

Fog the purpose of detecting any changes which .
might pdssibly"be going on among the fixed stars,
astronomers of the first eminence have at different
times undertaken the very laborious task of form-
ing catalogues of this numerous class of celestial
bodies. The first cﬂtalogue upon record is that
of Hipparchus, which contained 1022 stars, with
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their latitudes and longitudes_dctermined from his
own observations, and those®of his predecessors.
To this number, four more were added by Pto-
lemy, since whose time other catalogues have been

ublished by Tycho, Riccioli, Bayer, Hevelius,

lamstead, La Caille, Mayer, Bode, &c.; but the
most surprising work of this kind that has hitherto
appeared is the elaborate catalogue, by M. I'.
Lalande, in which the places of no fewer than
50,000 fixed stars, many of them of the 9th and
10th magnitudes, are accurately determined.

To these useful labours we are in a great mea-
sure indebted for the discovery of what is called
the Proper Motions of the Fixed Stars, and of
many other important lacts, which we are now
about to detail.

In speaking of the Fixed Stars, we have hitherto
ranrded these bodies as constantly retaining their
relative positions unchanged. Dr. Halley, how-
ever, from comparing the situations of some of
the Stars, as determined by ancient and modern
observations, discovered that they had a motion
peculiar to themsclves, (generally called the pro-
per motion of the fixed stars); and ‘Tobias
Mayer, by comparing the places of 80 stars, as
determined by Roemer, with his own observations,
found that most of them had a proper motion.
This mdtion, however, is in some stars so slow, or
the distance of those stars is so ﬁreat, as scarcely
td"be perceptible, in less than half a century, while
in others a small change of place may be observed
every year. '

- Dr. Maskelyne determined by accurate observ-
ations the annual proper motion, in riﬁht ascen-
sion and declination, of a great many of the prin-
cipal fixed stars. Mayer was, however, the first
wﬁo ascribed the apparent change of place in the
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stars to a progresdlve motion of the®Sun and
planets towards a particular quarter of the hea-
vens, and subsequent observations have tended to
verify this opinion, which is founded upon the fol-
lowing considerations, viz. that if the Solar system
really has a motion in absolute space, directed to-
wards any quarter of the heavens, the stars in that
quarter ought to appear to recede from one an-
other, while those which gre in the opposite region
would naturally seem to approach each other.
Now, in most of those stars which seem to have a
proper motion this motion is found to agree very
well with the hypothesis, and Dr. Herschel, by
comparing the proper thotions of the principal
stars, as determined by Dr. Maskelyne,*has found
that most] of them are nearly such as omght to
result from a motion of the Sun and his attendant
pianets towards A Flerculis, or rather towards a
point in the heavens, whose right ascension is
250" 52" 30", and whose north polar distance is
+0° 22", Klugel found the right ascension of this
point to be 260°, and Prevot makes it to be 230°,
with 657 north polar distancé. From his own ob-
scrvations upon Arcturus, Dr. Herschel infers,
that the motion of the Solar System cannot be
less than that of the Larth in its orbit, that it is
performed round some distant centre, and that that
centre is cither the centre of gravity of a cluster
of stars, or the common centre of gravity of eé-
veral adjacent clusters. Lalande supposes that
there i5an equilibrium preserved among all the
systems of the universe, and that they have a pe-
riodical circulation round their common centre of
gravity.

In the ancient catalogues, the positions of many
stars are described, of" which no traces are now to
be discovered, even by the aid of the most power-
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ful telesdopes; while, on the vther hand, of several
stars which now embellish the firmament no men-
tion is made by the ancients. Some stars have
suddenly made their appearance, and afier con-
tinuing visible for a time, have altogether disap-
peared. A few stars are constantly increasing in
brilliancy, while the brightness of others have been
as gradually diminishing, and not a small number
undergo a periodical vagiation of lustre.

The discovery of a new star by Iipparchus,
about 120 years before Christ, gave occasion to
that eminent astronomer, as we are informed by
Pliny, to set about making a catalogue of the Fixed
Stars, and this is the eatliest observation of a new
star upon record, neither are we told in what part
of the heavens this phenomenon made its appear-
ance. In the beginning of November, 1572, a
new star appeared in Cassiopeia, which was ob-
served by many astronomers, but especially by
Tycho, who determined its longitude and latitude,
and has given us a particular account of the pheno-
mena it exhibited. This star when first perceived
appeared inits full splendour, surpassing Venus and
Mercury in brightness, and was even visible at
noon day. This great splendour it rctained
during the whole of the month in which it was
discovered; but in December its magnitude began

radually to diminish, and continued so to do till
itw entircly disappeared in  March, 1574, after
having been visible about sixtecn ‘'months. The
new star seen by Kepler, in the year 16V4, in the
east foot of Serpentarius, exhibited similar appear-
ances, and became invisible about the end of the
year following. It has not since been seen. De-
neb Kailtos, in the tail of Citus, affords an example
of those stars which are eéradunl(l]y increasing in
lustre; as the star (3) in the body of the Great
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Bear, nearest the taif, also does of thosé that are
constantly decreasing in brightness. Among the
most remarkable of those stars, which have regu-
lar periods of variation, are Mira, in the neck of
Cetas; Algol, in Caput Medusa, &c.; the former
of these stars varies from the 2d magnitude to a
telescopic star, its period being about 334 days,
and the latter, from the 2d magnitude to the 4th,
with a period of 2 days, 20 hours, 48 min., 58'7
sec.

The number of stars ascertained to be variable
is fiftcen; but thirty-seven are supposed by Her-
schel to be subject to these changes, and it is pro-
bable that many more will hereafter be found to
exhibit the same extraordinary appearances.

T'o account for these phenomena, variou$ hypo-
theses have been proposed.  Some have attributed
them to large black spots on the surface of the
stars, which being presented to us in the course of
their rotation about an axis, av regular intervals,
diminish the brilliancy of the star: others sup-
pose the Juminous surface of these bodies to be
subject to continual changes, which sometimes in-
crease their light, and at others diminish or ex-
tinguish it. These changes have also been
ascribed to the exhaustion of the igneous matter,
of which the stars arc said to be composed. Some
astronomers are of opinion, that the stars are
extremely flat, and that they appear more %r
less byjlliant, ‘as their flat or sharp side is pre-
sented to*us; whilst others explain the variation in
the light of the stars, by ascribin%z it to the inter-
position of the planets which revolve about them.

It has been already remarked, that not more than
a thousand stars are aﬁany one time visible to the
naked eye. By the aid of the telescope, however,
we discover myriads of stars, which were inacces-
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sible to tinassisted vision ; ‘ahd as we increase the
power of the instrument, more and more of these
bodies are brought into view, so that their number,
may without impropriety be considered infinite.
More than two thousand stars have been observed
in the constellation Orion, and above one hundred
and eighty-eight in the Pleiades.  Galileo found
cighty inthe belt of Orion’s sword ; twenty-one in
the nebulous star in his head, and about five
hundred within the space of one or two degrees, in
another part of the constellation.  The same ob-
server, also, counted more than forty in Privsepe.
Dr. Ilerschel, however, with the aid of his
most powerful telescopesy has far surpassed all
others it his sidereal discoveries.  In the most
crowded part of that bright irregular zone, the
Milky Way, that indefatigable observer has «cen
the surprising number of one hundred and sixteen
thousand stars pass through the field of view of
his telescope in one quarter of an hour’s time.
Many of those stars, which to the naked eyc
appear single, upon the application of the tele-
scope are resolved intd two, three, four, oreven many
more small stars; thus, a single star in the middle
of Orion’s sword was found by Iuygens, when
examined with a powerful telescope, to consist of
no less than twelve stars, very near together.  Se-
veral compound stars have also been observed by
Gessini, Hook, Longellas, Kelyne, and other
astronomers ; their number, howevér, has reccived
the greatest augmentation from the labours of Dr.
Herschel, who has of late years made observations
upon several hundred stars of this description,
most of which had not been previously noticed by
any other person.
ough, perhaps, no two stars in the universe
can be properly said to be altogether out of the
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sphere of cach other’s attractions, yet many stars
are obviously so remote from any other, that it
would probably require some millions of years to
bring them together, by their mutual action: of this
description it seems are our Sun, dreturus, Capella,
Lyra, Strius, Canopus, Markab, Bellatriz, Menkar,
&c. &c. To stars, so situated, Dr. Herschel has
given the name of insulated stars. Instead of sup-
posing, as has gencrally *been done, that every
star in the heavens is a centre to an appropriate
number of circumvolving planets, satellites, and
comets, he imagines, that what he terms insulated
stars are alone surrounged by these attendant
bodies. .

Under the head of double stars, or binarg side-
real systems, properly so called, Dr. Herschel
coniprchends only such stars as when examined
In the telescope are found to consist each of two
stars, situated so near one another, as to be kept
together by their mutual gravitation, The two
bodies which compose a double star may revolve
rouad their common centre of gravity, according
10 laws which have been already explained, in cir-
cles, or in similar ellipses, the dimensions of their
orbit being proportional to their relative quantities
of matter. R

It should seem, that when two stars are so situ-
ated that the one is at an immense distance bgs
hind the other, but a little out of the line in which
we sce first, they may have the appearance of
a double star, th'ough, being out of the reach of
each other's attraction, they do not form a binary
system. Dr. Herschel, however, is of opinion,
that no two insulated stars can appear double to
us; and he has shewn, (hat there are a great many
chances against the supposition, that the multipli-
city of double stars which he has discovered
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should be of this description. Hence, he con-
cludes, that their existence must be owing to their
mutual gravitation; and this conclusion has re-
ceived considerable confirmation, from a series of
his own observations upon these phenomena,
whereby he has found that double stars have ac-
tually changed their positions, with regard to one
another — that the one revolves round the other,
and that the motion of tome of the revolving stars
is direct, and of others retrograde.

The angle that a line joining the two stars
forms with the direction of their daily motion,
Dr. Herschel calls the angle of position, and from
a series qf observations made during a period of
twentyfive years, he has found, that in upwards
of fifty of the double stars, there is a change cither
in this angle or in the distance of the two stars,
The observations that have been published, rela-
tive to the six following double stars, arc too in-
teresting to be altogether passed over in silence.
The stars to which they relate, are « of the Twins,
v of the Lion, ¢ of Bootes, £ of Hercules, 3 of the
Serpent, and y of the Virgin.

Custor, the first of these, was observed by Dr.
Herschel from the year 1778 to 1803. He could
never detect any variation in the distance of the
two stars; but from the regular decrease that he
epserved in their angle of position, he supposes
it highly probable that the orbits in which the
two stars move round their common centrg of gra-
vity are very nearly circular, and at ri‘ght angles
to the line in which we see them, and that the
time of a whole apparent revolution of the small
star round Castor will be almost three hundred
andforty-two years and twQ months, in a retrograde
direction. The distance of the two stars which
form y Leonis has undergone a sensible change,
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and from the variation in the angle of position,
the interval between the two stars, and the ratio of
their diameters, Dr. Herschel has ascertained that
the smaller one revolves round the larger in an
apparent elliptical orbit, and performs an entire
retrograde revolution in about twelve hundred
years. The stars which compose the beautiful
double star ¢ Bootes, differ in colour, the one bein
of a light red, the other of a very fine blue, anc
very much resemble a planet and its satellite.
The orbit of the smaller star is elliptical, and it
completes a revolution, according to the order of
the signs, in sixteen hundged and eighty-one years.
The double star ¢ Herculis consists of dwo stars
of different magnitudes ; of these, the largeris of a
beautiful bluish white, and the smaller of a fine
ash colour. On the 11th of April, 1808, the lat-
ter suffered almost a complete occultation by the
former, round which it revolves nearly in the plane
of the spectator. The double star & Serpentis
has undergone a considerable change in the angle
of pasition, without any varigtion in the distance
between the two stars, The period of a complete
revolution of the smaller star round the larger,
Dr. Herschel estimates at about three hundred
and seventy-five years. The two stars, of which
the well-known double star o Virginis is com-
posed, differ but little in size. Their distance
remained the same for twenty-one years, while the
angle of gositlon has varied considerably. Dr.
Herschel Supposts the period of the smaller star
about the larger to be about seven hundred and
cight years.

The foregoing stars may be considered as af-
fording a fair specimengof double stars, of which
Dr. l-%erschel has given a very extensive catalogue,
and has divided them into six classes. The first
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class consists of those which ¢an only be perceived
under the most favourable circumstances, and by
the aid of a very saperior telescope. The second
class contains those double stars, in which the two
stars are so near’ each other, that their distance
may be estimated by the eye, in diameters of cither
of them. 'The third class is composed of those in
which the two stars are more than 57, but less
than 157 asunder. The stars in this class may
be gencrally seen with telescopes magnifying from
40 to 100 times.. The fourth class of double stars
comprehends those whose distance asunder is
from 15” to 80”. 'The fifth class contains those
whose digtance is from 30" to 17; and the sixth
class includes all those whose distance is from 1' to
2', or more.

Other stars have been pointed out by Dr. Her-
schel, which he supposes to be united in triple,
quadruple, quintuple, and still more complicated
systems.

If we examine the heavens with great attention,
another class of very interesting phenomena will
be discovered under the form of small luminous
spots. These spots have received the name of
nebule, from their nebulous or cloud-like appenr-
ance. The most interesting, and apparently the
most extensive of these nebnles, is the Galaxy or
Milky Way, a well known white and luminous
zone, which nearly encircles the heavens. The
brightness of this zone Dr. Herschel hag found,
from numerous observations, madé with very pow-
erful telescopes, to arise enti from an immense
number of small stars, and he has also .found that
the compression of the stars increases in propor-
tion to the brightness of tble Milky Way, a por-
tion of which, 15 degrees long and 2 broad, he
found to contain no fewer than 50,000 stars, large
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enough to be distinctTy numbered, he also suspected
that twice as many more stars were comprehended
in the same space; but of thed, for want of suffi-
cient light in the telescope, he could only now and
then obtain indistinct glimpses. From the very
great extent of this luminous zone, the circuit it
makes round the heavens, and many other circum-
stances which cannot be here detailed, Dr. Her-
schel supposes it to be a *large nebula, in the in-
side of which the Solar System is placed, and
consequently, that the Milky Way is in fact the
projection of this nebula upon the concave sphere
of the heavens, as seen fgom a point within it.
Professor Kant first suggested the idea, that all
the stars in the universe are collected into gebulse,
and that all the insulated and scattered stars which
appear in the heavensbelong to the particular nebula
in which our system is placed. This opinion was
afterwards maintained by Lambert ; but it is to Dr.
Herschelalone that weare indebted for any thinglike
a confirmation of the truth of this ingenious theory.
He has determined the posifion, magnitude, and
structure of 2500 distinct nebulee. ese phe-
nomena are presented to our view under every
possible variety of shape and arrangement; some
appearing double or treble; others large, with
small nebulee attached; some appear like lumi-
nous dashes of considerable extent, while othgrs
take the form of a fan, exhibiting a milky appear-
ance; and a yet different sort are found, which
shine witR a mottled kind of light. Dr. Herschel
generally detected these phenomena in certain di-
rections, rather than others; and he also found
that the sphces both preceding and following the
nebulous strata were gften so completely divested
of stars, that not a single one could be perceived
in the field of the telescope; from which circum:
s
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stance he concludes, that the condensation of the
stars into nebule has been effected by their mu-
tual attraction. Idle supposes, also, that several
nebulee are formed from the decomposition of
other larger nebulee, that many of this kind have
been already detached from the nebule of the
Milky Way, and that'many others are at present
separating themselves from it.

Besides the nebule, Dr. Herschel has also dis-
covered what he calls nebulous stars. These
consist of single stars or bright spots, surrounded
with a faint luminous atmosphere, or rather with
a milky nebulosity, arjsing from some shining
fluid. ‘This light or fluid he has made several at-
tempts to resolve into small stars, but without
success ; he therefore conceives it to be, somehow
or other, formed by means of the light that is con-
tinually issuing from the innumerable suns, which
occupy the immensity of space; and he suppeses
the bright central point to be the fluid #¥ a con-
densed state ; and as some of these nebulee have no
central points, he imagines that new stars may
appear to be formed, by the compression of the
luminous fluid. :

In the foregoing remarks I have endeavoured,
without entering into a minute detail of all Dr.
Herschel’s interesting speculations on the con-
etruction of the heavens, to give such a view of
the different arrangements into which he supposes
the stars to be formed, as is: consistent with the
popular plan of these Lectures; and shall refer
those who are desirous of farther information
upon this subject to Dr. Herschel’s. paper on the
Construction of the Heavens, and the Organization
of the Celestial Bodies, published in the Philoso-
phical Transactions of 181}, which contains very
interesting observations on nebulee, and nebulous
stars, and on the gradual progress of the nebulous
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matter of the heavéhns, from its diffuse.d state to
its final condensation into perfect stars.

Among the most remarkable nebule which
have hitherto been observed, are the following,
viz.—one in Orion’s sword; one in Andromeda’s
girdle; one near the end of the bow of Sagittarius ;
one between this bow and the tail of the Scorpion;
one below the southern claw of the Crab; and one
between the knee and leftsleg of Hercules.

I have now brought to a close the third and
last principal division of my subject: I cannot,
however, conclude these Lectures, without offering
a few observations, tending to demonstrate the
truth of that system ol the heavens (gommonly
called the Copernican System) which I haye been
endeavouring to explain, and to shew the superio-
rity of its pretensions over those other systems
with which it is at variance, and which at different
times have been more or less generally received.
It will be requisite, therefore, in the first place, to
give a brief sketch of those systems, ang I shall
accordingly begin with the |

Ptolemaic System. :

In this system, which is ascribed to Ptolemy
of Egypt, from whom it derives its name, the
Earth is conceived to be immoveable in the centre
of the Universe, while the Sun, Modn, and
Planets are supposed to revolve round it in the
following order : viz. the Moon, Mercury, Venfis,
the Sun, Jupitér, Saturn. Beyond all these, tlie
firmameift of the Fixed Stars was placed in what
was denominated the eighth sphere. This arrange-
ment has obviously a reference to the time that
each planet takes to complete its revolution in the
heavens; and accoglingly we find that the
Moon is placed nearest the earth, and the Sun is
made to occupy the Earth’s situation, between the

s 2
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orbits of Venus and Mars, and thus the respective
motions of the Planets, from west to east, round
the heavens, and the apparent annual motion of
the Sun in the same direction, were easily account-
ed for. To explain the apparent diurnal motion
of these bodies, the Ptolemaics had recourse to a
ninth sphere, exterior to those already described,
to which they gave the name of the Primum Mobile,
or the first moveable; &nd to this they attributed
a whirling motion from east to west, which com-
municating its influence to the inferior spheres,
carried the whole, as they supposed, round the
Earth in about twenty-fonr hours.

‘We have seen, however, that the planets in per-
forming their several revolutions eastward in the
heavens, appear sometimes direct, sometimes sta-
tionary, and sometimes retrograde. In order,
therefore, to account for these phenomena, they
supposed that each planet moved in a small circle,
cafled an epicycle, round the centre of which it
revolved much in the same way that a Satellite
has been shewn to cirgulate about its Primary, and
that the centre of this epicycle was carried round
the Earth in a larger circle, to which they gave
the name of Circulus Deferens, or the carrying
circle, and by proportioning the epicycle to the
deferent, a combination of motion was produced,
which corresponded with ft.h;u(:lhirect sgati;marylv and
retrograde appearances o particular planet.
The inclinart’ion of the respective orbits of the
planets to the ecliptic was easiz'efeexplﬁined, by
supposing that the planes of the deferent and epi-
cycle were inclin;d to tl:l:tegf the ecllpntcl.‘ Some
of these philosophers, in , supposed the epicy-
cles to bE solidoptranspare::_e%lobu, to the surface
of which the planets adhered, and that by these
globes turning round their centre, their respective
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planets being carried along with them, €xhibit the
direct and retrograde motions already described.
They also supposed the deferents to be so man
great crystalline spherical shells, inclosing eac
other like the coats of an onion, and that each of
these shells was of a sufficient thickness to contain
its respective epi(‘?'clic globe within its solid sub-
stance, and to suffer it to move freely on its own
centre. .

The inequality of the Sun’s annual motion, and
the variation in his apparent diameter, during his
progress round the heavens, together with the
changes in the apparent magnitudes of the ‘Elanets,
and & velocity of their'‘motion, were difficulties
which yet remained to be overcome. These irre-

larities were, however, explained, by suf;posing
the Earth not to be concentric with the deferents,
but placed at a particular distance on one side of
the centre, and thus by a series of the most extra-
vagant conjectures, aided by the most complicated
and cumbrous machinery, was that celebrated sys-
tem at length formed, which for upwards of 1500
years was universally received by astronomers.

In the Ptolemaic system, the Earth being sup-
posed the common centre, round which the Sun
and all the Planets revolve, it might naturally be
expected, that Mercury or Venus would sometimes
be found on one side of the Earth, while the Sug
was an the other; that is, that Mercury and Ventis
would at certaih times be seen in opposition ; this,
however, “is never found to be the case; and it is
even proved by the most accurate observations,
that the distance of Mercury from the Sun never
exceeds twenty-nine, and that of Venus forty-eight
degrees. This difficulty, which proved fatal to
the Prolemaic hypotfesis, gave rise to what is

called
s 38
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The Fgyptian System,
which is in fact merely a modification of the Ptole-
maic, and differs from it only in supposing Mer-
cury and Venus, instead of revolving round the
Earth like the other planets, to circulate about the
Sun as their common centre, in epicycles placed
upon his orbit. This new arrangement of Mer-
cury and Venus not only removes the objection
to the Ptolemaic system, but also accounts, in a
very satisfactory manner, for the retrograde and
stationary appearances of these planets, and may,
therefore, be considered a very important improve-
ment upon the ancient hypothesis.
o The Tychonic System,

or the system introduced by:Fycho Brahe, who
flourished about the end of the '16th century, was
distinguished from the Egyptian, by its extending
the new principle of arrangement to the superior
planets Mars, Jupiter, and Saturn. In the Ty-
chonic system, therefore, the inferior and superior
planets were all supposed to revolve round the
Sun as a centre, whilg the Sun, with these attendant
planets, was, nevertheless, made to revolve round
the Earth, which was, therefore, still regarded as
the centre of the Universe. This system must
certainly be considered a very great improvement
upon that of the Egyptians, as it not only ex-
pf:;ns, in a simple and satisfactory manner, the
sthtionary and retrograde appearances, both of the
inferior and superior planets, but also accounts for
thatremarkableincrense of magnitidein the superior
planets whenajn opposition, from the circumstance
of their then being nearer the Earth. Adhering,
however, toone z:; e g!l'imd emgg: Ptolemaic
hypothesis, Tycho still s gghe apparent
dmal revolugion of the Sﬁg, Moos, Planets, and
Fixed Stars, to be owing to the impression of the
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primum mobile, and Accounted for the infmense ve-
locity of the motion of the Fixed Stars by assuming
a distance of those bodies from the garth very
far short of that beyond which it has since been
demonstrated they must be placed. Longomon-
tanus, however, one of his disciples, considerably
improved his system, by ascribing to the Earth a
diurnal rotation on its axis. Hence the followers
of Longomontanus were {enominated semi-Tycho-
nics. ﬁ)is, however, pretty evident that both the
leading feature of Tycho’s system, and the improve-
ment that system received from Longomontanus,
were borrowed from .
The Coperhican System,

which had made .its appearance -about 50 years
anterior to that of Tycho. For this system we
are indebted to the illustrious Nicholas Coperni-
cus, a native of Thorn in Prussia, who, disgusted
with the Ptolemaic doctrine of epicycles, which he
regarded as inconsistent with the simplicity of nature,
undertook aminute and laborious irtvestigation of the
varioussystems that had been invented by theancient
philosop{;ers and astronome?s, hoping among them
to find some explanation of the celestial motions,
more conformagle to that order, harmony, and
simplicity, which he conceived ought to prevail
amongst these bodies. e

This, however, was not his only inducement.
From some remarkable coincidences which he diad
obseryed in different parts of the Ptolemaic system,
he wasred. {0 suspect that the Sun was the centre
round which not only the other planets but the
Earth itself revolved, and he was ‘therefore desir-
ous of ascertaining whether a similar notion had
at any timezbéen entertained by any of those emi-
nent philosophers wlo had preceded him.

Actuated by these powerful incentives, Coperni-

s 4
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cus enterdd with avidity upon*the task he had as-
signed himself, and his labours were crowned with
complete success; for he not only found that his
supposition relative to the central situation of the
Sun was countenanced in a greater or less degree
by many of the most celebrated philosophers amon
the ancients, but when he became acquainted witﬁ
the system of Pythagoras, he felt convinced that
he had met with the only hypothesis that gave an
easy and natural solution of all the various pheno-
mena which had hitherto perplexed the ingenuity
of astronomers, so that, to use his own words,
“ not only the several appearances of the heavenl
bodies will folow from this hypothesis, but it will
also so carlnect the order of the planets, their or-
bits, mdgnitudes, and distances, and even the ap-
parent motions of the Fixed Stars themselves, that
it will be impossible to remove one of these bodies
out of its place, without disordering the rest, and
even the whole universe also.”

This beautifél and harmonious system, restored
by that eminent astronomer whose name it now
bears, and illustrated hnd improved by the arduous
labours and brilliant discoveries of Kepler, Galileo,
Hevelius, Huygens, Cassini, Roemer, Hook,
Flamstead, Newton, Halley, Bradley, Euler, La
Grange,’ La Place, Maskelyne, Herschel, and a
great number other mathematicians and astrono-
mess, has been fully explained in the course of
these Lectures, from which it appears that the
peculiar tenets of the Copernican hypothesis, or
those by which it is principally distinguished from
the other systemis that have been mentioned, are,
first, the diurnal rotation of the Earth on its axis;
and, secondly, its anpual revolutiop round the
Sun, supposed to occupy thé* centré OF the plane-
tary system. I shall, therefore, endeavour
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TO DEMONSTRATE THE TRUTH OFeTHE
COPERNICAN SYSTEM,

by proving the existence of these motions: and, first,

Of the Diurnal Motion of the Earth.

Now, the objections usually urged by the o

sers of the Copernican hypothesis, against the

rth’s rotation on its axis, are chiefly such as
follow : viz. 1st, That if the earth turn on its axis,
we who reside upon its sarface ought to be sensible
of this motion; in othgr l;words, th‘;lt th'}.«‘shmol;il(:n
ought to be perceive us: 2dly, That this
sugposed rotation of the yEartb onyits axis, by
which every point oftits, equator must describe a
space of upwards of 1000 miles per hoyr, or about
500 yards per second, if it were real, woyld cause
any body projected perpendicularly upwards from
its surface, or suffered t¢ descend freely from any
considerable elevation, to fall to the west of its
original position, which, however, never happens:
and, 8dly, That the diurnal motion of the Earth
is quite hostile to the language of Scripture. Each
of these objections I sha lnaferefore endeavour to
answer in order.

And, first, that the Earth may turn on its axis
without being perceived to do so, may be proved
by analogy, since it is very common for a person
on the surface of the Earth to be in actual and
even rapid motion, when, as to sense, he appears
to be perfectly quiescent. Momentary impfes-
sions ot this sort must have been experienced b
every one in lodking out of the window of a carri-

moving evenly along a road, when the trees and

other objects at rest, appear to pass by the vehicle

with the same rapidity with which the carriage is

really moving, but in_an opposite direction. ﬁ %ﬁs

deception is perhaps more frequent and more per-
8b ’
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fect in the case of a persog in a boat gliding
smoothly along the surface of the waves, when
upon casting his eyes on a vessel at rest, towards
which he is approaching, he will often find it almost
difficult to persuade himself that the vessel is not
in motion, and himself at rest,” or at least that the
vessel and the boat are not mutually advancing
towards each other. But the most surprising in-
stance of this kind is met with in the case of a
person in a dark night viewing the lights on
shore from the cabin window of a vessel which is
swinging round its anchor. Now, in this case, all
intermediate objects whose state of motion or rest
bein%]known, might serve BY comparison to ren-
der the daception obvious, being involved #a dark-
ness, the lights will seem to move round in regular
order, while every thing on board the ship appears
quite fixed and stationamy. These examples are
amply sufficient to prove, that a s tor in mo-
tion viewing an object at rest will perceive the
same relative change of position in the object as
if he were himself at rest and the object moving
with an equalvelocity in the opposite direction.
It follows, therefore, tiat whether we suppose the
celestial sphere to revolve round the Earth in
twenty-four hours, or the Earth in that time to per-
form a rotation on its axis, the rising, culminating,
and setting of the Sun, Moon, and Stars, with 51
thg other celestial phenomena, will be presented
in the same order, and that conseqyently the mere
appearance of diurnal motion. gxﬁibited by the
heavenly bodies affords no proof in favour of either
theory, the testimony of our senses alone in this
case being perfectly nugatory. ’

Let us, therefore, proceed to inquire which hy-
pothesis presents the fewer (ifficulties, or appears
to be the more plausible. ‘We have slrea y seen

12
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that the distance of the Sun from the Earth is
almost one hundred millions of miles. * If, there-
fore, that luminary revolve round the Earth once
in twenty-four hours, it must in that period pass
over six times that space, and consequently must
travel nearly at the rate of twenty-five millions of
miles per hour, being more than twenty thousand
times quicker than the motion. of a cannon-ball |
But it has been shewn, that the distance of the
nearest fixed star is ate least twenty billions of
miles, and consequently, for that star to revolve
round the Earth once in twenty-four hours, it
would be requisite for it to move with the incon-
ceivable velocity of upwards of one thousand mil-
lion miles per second ! a velocity far surpassing
all human comprehension. Yet if, as 1t is reason-
able to suppose, the decreasing magnitude of the
stars be owing to their increasing distance from the
Earth, the velocity of the daily motion of those
minute telescopic stars mentioned in a former part
of this Lecture, must as far exceed that of Sirius,
or the nearest fixed, star, as the velocity of light
exceeds that of a n-ball.

The complication of mdtion which takes place
among the ﬂeavenly bodies, upon the supposition
that &ey all revolve round the Earth once in
twenty-four hours, is no less surprising, than the
prodigious velocity with which they move: for as
the motions of these bodies must be adapted to
- their respective distances, in order that each of
them, may colnplete its revolution in precisely the,
same period of time, and as it is probable that no
two stars in the firmament (to say nothing of the
Sun, Moon, and Planets, whose distances we know
to differ very considerably), are placed at exactly
an equal distance from us, there must be as many
distinct degrees of felocity, as there are individual

86
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stars, and their number, it has already been shewn,
may be cohsidered infinite. *

f now, on the other hand, we consider the ap-
parent diurnal motion of these bodies to arise
from the rotation of the Earth on its axis once in
twenty-four hours, we observe the same phenomena
to be produced by the most simple means, one
single motion, and that comparatively moderate
and easy, being alone found sufficient to accom-
plish that, which on the, contrary hypothesis can
only be affected by an infinite variety of motions,
with velocities past all computation.

Again, our Earth is found to be greatly inferior
in magnitude to three of the planets, viz. Jupiter,
Saturn, and Uranus : whiie, in comparison of the
Sun, it sinks into little better than a mere point;
and though from being unacquainted with the real
distances of the fixed stars, we are incapable of de-
termining their true magnitude, yet it is highly
probable that the size of each of these bodies is at
least equal to that of our Sun. If, therefore, such
be the magnitude of these vgat bodies, it is surely
both unnatural and unphild8ophical to suppose,
that a comparatively ifisignificant globe like our
Earth stands still, while myriads of these immense
bodies are perpetually circulating about it as their
centre of motion.

Againy by supposing the planets to revolve from
east to west round our Earth once in twenty-four
holwrs, while we at the same time allow to each of
them its proper motion in an opposite direction,
we introduce such a combination "cor rather confu-
sion of movements, as is totally at variance with
every’ known princi;;lle of mechanics; whilst by
imputing to the Earth a rotation from west to east
on its axis, this apparent difficulty receives an
easy and satisfactory solution. In addition to
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which, it may be oljserved, that as a metion of ro-
tation, as far as our observations have hitherto ex-
tended, seems common to all the planets, and since
the earth is found to resemble tEem in many re-
markable particulars, especially in that of being a
globular body, we may consider the rotation of ﬁ'ne
Earth as a confirmation of the general analogy of
the system.

But the most complete demonstration of the
Earth’s diurnal revolution on its axis is deduced
from the particular form of the Earth itself, a full
account of which has been already given in my
Fifth Lectire, and need not therefore be repeated
in this place. .

The second objection cannot be beter refuted
than by the experiment of Galileo, described as
follows in Derham’s Astro-Theology :—¢ Shut
yourself up,” says he, ¢ with your i?l:end in the
great cabin of a ship, toFether with a parcel of
gnats, flies, and other little winged insects. Pro-
cure also a great tub of water, and put fishes
therein. Also, hang up a bottle of water so as to
empty itself drop by drop il:fo a similar bottle with
a narrow neck, F ed underneath. Whilst the
ship lies still, diligently observe how these little
winged creatures fly with the like swiftness to every
part of the cabin; how the fishes swim indifferentl
towards all sides; and how the descending drops all
fall into the bottle beneath; and if you throw any
thing to your friend, you need use no more fofce
one wgy than ‘anqther, provided the distances be
equal; and if yéu leﬂa, you will resch as far one
way as the other. Having observed these parti-
culars whilst the ship lies still, cause the ship to
sail with what velocity you please, and so long as
the motion is uniform; n tuuting this way and
that way, you shall ié afty alteration in
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the foresaid effects, neither gan you from them
conclude whether the ship meve or stand still.
But in leaping you shall resth as far on the floor
as you did before; nor by reason of the ship’s mo-
tion shall you make a longer leap towards the
stern than the head, notwithstanding that whilst

ou were up in the air, the floor under your feet

ad run the contrary way to your leap. And if
you cast any thing to your companion, you nced
use no more strength, if ‘he should be towards the
head, and you towards the stern, than if you stood
in a contrary position. The drops shall all fall
into the bottle that is lower, and not one towards
the stern, although the ship shall have run many
feet whilst:each drop was in the air. The fishes
in the water shall have no more trouble in swin-
ming towards the fore part of the tub thantowards
the hinder part, but shall make to the bait with
equal swiftness, on any side of the tub. And,
lastly, the gnats and flies shall continue their flight
indifferently towards all parts, and never be driven
together towards the side of the cabin next the
stern, as if wearied with following the swift motion
of the ship. And if by burning a few grains of in-
cense you make a little smoke, you shall perceive
it to ascend on high and hang like a cloud, moving
indifferently this way or that without any inclina-
tion to one side more than another.”

* In this experiment we have seen that the same
effects are found to take place when the ship is in
motion as when it was at rest, the reason of which
may be thus explained. The ship and every thing
on board having acquired one common motian, it
is obvious that a particular motion impressed upon

any one thing will hay :'the same 3 inl alter-
ing its position ¥y to every thing else on
l:?ard, as if the'd M " :2 rest: and 5mt thing
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will appear to act ynder the influence of the im-
pressed force alone, quite independent of all other
motion, whereas it is in fact acted upon by. two
distinct forces.

Each drop of grater, therefore, in the suspended
bottle above mentioned, when it begins to fall, is
under the influence of two forces, namely, the
motion that it has acquired in common with the
ship itself, which tends to carry it forward in an
horizontal direction, and the power of gravity which
would precipitate it downwards in the direction
of the plummet; the drop of watertherefore, obeying

neither or rather both of these impulses, takes an

intermediate course, by which it necessarily falls
into the bottle immediately beneath, whatever may
be the velocity of the ship’s motion at she time.
Mow, the same reasoning not only applies to all
the other examples mentioned in the above expe-
riment, but to the case of a stone or any heavy
body fet fall from the top of a tower, while the
Earth revolves on its axis, in which case the stone
previous to its being dropped, having acquired the
same velocity with which the Earth is moving, is
carried forward during the whole time of its de-
scent, and consequently, if it meet with no obstacle
to obstruct its progress, falls as exactly at the foot
of the tower as if the Earth had during that time
remained perfectly at rest.

As to the objection arising from the languly-of
Scripture, this is so obviously groundless as
scarcely to require refutation, since it is evident*
that the object of the inspired writers was to teach

mankind piet{ and virtue, and not to instruct °

them in the physical sciences, or even to % an
opinion respecting the celestial motions. en,
therefore, t}:y had joccasion to allude to subjects
of this description, eitherin-speftking of the ordinary
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appearances of nature, or in, relating miraculous
interruptions of such appearances, in order to ren-
der themselves universally understood, they adapt-
ed their language to the ordinary capacities, the
prevailing opinions, and even in guany cases to the
prejudices of mankind in general, without regard
to philosuphic accuracy of any kind, much less to
any pecu'iar h)gxothesis of the heavenly motions.
Thus, when in Joshua the Sun is ordered to stand
still upon Mount Gibeoh, and the Moon in the
valley of Ajalon — where also in Isaiah, the Sun
is said to have gone backwards — and again in the
Psalms, when it is spoken of as going forth from
the end of the heavens, and hastening to it again—
it is obvious to the most uninformed, that in all
these instances thinEs are spoken of rather as they
appeared than as they rea;'y were; and we ha
no more reason to find fault with this mode
of expression, than with our calling the Moon
new every time it comes into conjunction with
the Sun, when we are, notwithstanding, fully
aware that it is the same Moon which has attended
our earth ever since its first creation.

Having thus replied at considerable length to
the most important objections against the Earth’s
diurnal rotation, let us in the next place inquire
what evidence can be obtained

Of the Eartk's Annual Motion.
A easy method of tracing the apparent path of
the Sun through the heavens has been given in a
former Lecture,’ in a subsequent part of svhich
this path, commonly called the ecliptic, and appa-
rently described by the Sun, has been considered
upon the Copernican hypothesis, to be really de-
scribed by the Earth in its annual revolution round

N
1 See Lebture vis. pp. 129, 130.
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that luminary. In either case, however, it is ob-
vious, that, whatever point of the heavens the Earth
appears to be in as seen from the Sun, the Sun
must appear to be in the opposite point of the
heavens as seen from the Earth. It has also been
shewn upon the same hypothesis, that the vicissi-
tudes of the seasons, or the regular increase and
decrease which take place in the length of the
days and nights, are prodpced by the Earth’s axis
being inclined 66} degrees to its orbit, and kept
constantly parallel to itself in every point of its
revolution. On the other hand, however, it must
be acknowledged, that the same effects would also
result from the Sun’s orfit being inclined 283 de-

rees 10 the equinoctial. Here, therefore, as in
51«: case of the Earth’s diurnal motion, app@arances
alone are perfectly indecisive in favour of either the-
ory. More substantial proofs of the Earth’s annual
motion are, however, fortunately by no ‘means diffi-
cult to be met with, and I shall therefore produce a
few, which, being principally derived from subjects
already fully explained in the course of these
tures, will be comprised in a*few words.

The apparently complicated motions of the
planets, we have found can only be satisfactorily
accounted for, by supposing them to revolve about
the Sun as their common centre. It has also been
proved by the motion of spots on,their surface, that
all of them have a rotation on their axis. Sinee,
therefore, the *Earth has been demonstrated to re-
sembleé them in she latter particular, and is besides
an opaque body poised in s we ‘are led by
analogy to conclude, that this Globe has in like
manner an annual motion found the Sun; and
since it has been found that Mercury and Venus
are never seen in opposition, but are occasionally
in inferior or superior conjunction, while the other
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planets arg sometimes in supetior conjunction with
the Sun, and sometimes in opposition to that lumi-
nary, but are never in inferior conjunction with
him ; it is obvious, that if the Earth revolve round
the Sun, its orbit must be exterior to the orbits of
Mercur{. and Venus, and interior to those of the
rest of the planets: in other words, it must be situ-
ated between the orbits of Venus and Mars. By
this arrangement, therefore, the harmony of the
system is established, while, upon the contrary
hypothesis, the whole planetary system becomes
completely deranged.

But again, every body revelving round another
body is retained in its otbit by the power of gra-
vity or attfaction, which power is always propor-
tional t6 the quantity of matter in bodies. It is
obvious, therefore, that a comparatively diminutive
body like our Earth must be utterly incapable of
exerting a restraining influence upon the Sun,
whose gravity so vistly exceeds its own. Yet the
absurdity of the Ptolemaic and Tychonic systems
does not stop here; for, according to either of these
hypotheses, the Earth’is not the centre of the Sun’s
motion only, but of the motion of the planets like-
wise, and consequently must by its gravity retain
all these bodies in their. respective orbits.

Many other iuconsistencies necessarily arise
from supposing the Earth to occupy the centre of
the planetary system ; they are, however, for the
most part, too obvious to -require any particular
notice. I shall, therefore, in the last place, ob-
serve, that while on thé one hand the most formi-
dable objection which could be urged against this
motion has been satisfuctorily refuted, " ‘y proving
(as we have done in the preceding part of this Lec-
ture) that the Earth’s orbit, tompared with the dis-
tance of the nearest fixed star, is but a mere dimen-
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sionless point ; on theother hand, adirect demonstra-
tion of the existence of this motion is found in the
aberration of light, a phenomenon which, as we
have already shewn, arises from a combination of
the motion of light with the annual motion of the
Earth in its orbit. The Copernican system is in
fact the only one which, together with the Newton-
ian doctrine of universal gravitation, already ex-
plained, accounts in a satisfactory manner for the
various irregularities observable in the motions of
the celestial bodies.

I shall now, therefore, hgving established the
two grand principles upon which this system rests
— namely, the Earth’s dhirnal rotation on its axis,
and its annual revolution in its orbit-a- conclude
my twentieth and last Lecture. .
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Many of the Greek characters having been em-
ployed in the fourth Lecture as references to the dark
portions of the lunar disc, it will-be proper, in order to
render them understood by those who may chance
to be unacquainted with those characters, to intro-
duce in this place

THE GREEK.ALPHABET.

NAME. SOUND.
A a Alpha a
B gé Beta b
r yr amma g
A 3 Delta d*
E e Epsilon e shrt.
z e Zeta z
H P} Eta e .
® LN Theta th
1 . Iota~ - i
K x Kappa k™
A A Lamda 1 .
M m M m
N v Nu n
=1 3 Xi x
o ° Omicron o short.
I Te Pi p °
P eP . Rho r
= Ces  Sigma s
T e 71 Tau_ t
Y «’ Ugsxlon u
- ® Phi . ph
X x Chi ch
¥ ¥ Psi ps
Q w Omega o 2
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QUESTIONS AND EXERCISES

ADAPYED TO THE

PRECEDING _LECTURES.

QUESTIONS AND EXERCISES ON LECTURE I.

1. Or what does the science of astronomy treat ?

2. Under the general term heavenly hodies, what
bodies are comprehended ?

8. Which of these bodies appear to have a proper mo-
tion éf their own ? -

4. How are comets distinguished from planets ?

5. Of what bodies doec glanetary system consist ?

6. What is a primary planet :

7. Name the primary planets, and sriw their charac-
ters. *o

8. How are the minor primary planets distinguished
froth the primary planets? . . .+ -

9. Name the minor primary M&m{ make their
. Explain the: £ the termms superior and
10. Explain the meagjng of the terms superior and in-
fe‘:'ior, as appl%no the planets, ° s
11. Which of the planets are superior, and which in-

ferior, with regard to our earth?
12. What is a secondary nlanet, satellite, or moon ?
- 18. Which of the planets have satellites ?
14. How many bodies compose the plan system ?
15. What do !ou understand by the orbit of a planet ?
16. Of what figure is it ?
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17. Describe from fige 1. the various parts bf an ellip-
tic orbit.

18. Explain the meaning of the terms aphelion, peri-

elion, apogee, and perigee.

19. Does the line of the a;sides of every plaaet lie in
the same direction «

20. What is the ecliptic, and why is it so denominated ?

21. What i; meant by the heliocentric circle of a pla-
net

22. What are the nodes of g planet ?

28. How is the a;;parent annual revolution of the Sun
produced

24.. Into how many equal parts is the ecliptic divided ?

25. How far does the zodiac extend on each side of
the ecliptic, and why is it called the zodiac ?

26. Name the siins of the zodiac. D

27. Sketch out the characters by which the signs are
represented, and explain their signification.

28. Do the niﬁns of the zodiac correspond with the
constellations after which they are named ?

29. Distinguish the astral from the fixed or local

zodiac. .
30. By whom, and when, was the fixed zodiac first in-
-troduced among the Greeks ? .

81. Did the signs of the zodiaa in the time of Hippar-
chus correspond with the constellations after
which they are named?

82. To what causE is the chantie which has since taken
place in the situation of the signstobeattributed ?

88. At what angles are the orbits of the planéets seve-
rally incﬁned to the ecliptic ? .

34. In what ;iirection do the planets revoive on tiir
axes? o

85. What is meang*by the axie¥of a planet or other
heavenly body ? .

86. What are the extreme points of the axis called ?

87. What is that circle called which divides the Earth
into two equal parts, and to the %lane of which
the Earth’s axis is perpendigular

88. What are those t%o parts called into which the
Earth is divided by this circle ?

T
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4l.
42.
43.

44.

45.
46.
47.
48.
49.
50.

51.
62.

38.
55.

57.

APPENDIX.

In fig! 2, point out the anghk: of inclination of the
Earth’s axis to the ecliptic; also, the obliquity of
the ecliptic to the equator.

What are those points called in which the equator
intersects the ecliptic, and why are they so
called ? :

From what is their name derived?

What is the latitude of a heavenly body ?

Had the Earth’s axis been perpendicular to the
plane of its orbit, what coincidences would have
taken place?

What are those pointsin the celestial sphere callcd,
through which the Earth’s axis infinitely ex-
te both ways would pass ?

On what circle is the longitude of a heavenly body
mezsured ?

Atwwhat point in that circle does the reckoning
commence ?

How is it counted ?

Describe the difference between the heliocentric
and geocentric latitude and longitude of a hea-
venly phenomenon.

What do you understand by the right ascension of
a celestial body ? .

What is its nearest distance from the equinoctial
called?

QUESTIONS AND EXERCISES ON LECTURE I1.

What was the common Greek name of the Sun ?

What is its Latin name, and how is it accounted
for by Macrobius ?

What is the diameter of the Sun?

. What did the ancients suppost«he Sun to be ?

What appearances were detected on ‘the disc of
the gun by the aid of the telescope ?

. In what direction do the spots on the Sun appear

DEE Y. o e
escribe the rance of a t in its
progress wgou the Mf the Sun. »e
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58. In what part of ifs passage does it appear to move
fastest ?
59. What were the dark and bright spots observed on
the Sun's disc formerly called
60. When several spots appear at the same time upon
the surface of the Sun, dp they all preserve the
same position relatively to one another during
the whole time of their being visible ?
61. 1s the apparent path of a spot over the Sun's disc
the same at all times of the year ?
62. Describe the varieties it undergoes.
63. To what may the ea‘rp.rent motion of the solar
spots be attributed, and what do astronomers
obtain a knowledge of by tracing their progress
over the Sun’s disc?
. What is the inclination of the Sun’s %axis to the
plane of the ecliptic ? .
. How may the true time of the Sun's rotation on
his axis be ascertained ?
. Who is generally supposed to have been the first
observer of the solar spots ?
67. Describe the general appearance of a solar spot.
68. What is remarkable in the outline of the umbra

& & %

.that generally surrounds the nucleus 6f a spot ?
9. Are the spots on the Sun found to be permanent -
70. When a spot disappears does the umbra or the
nucleus first become invisible ?
71. By what is the umbra geneul}y succeeded ?
72. H‘;w did Scheiner account for the phenomena
called golar spots ?
78. What other opinions have been entertained cpfi-
cerning them?
74. What inferéne%did Dr. Wilson draw from his ob-
servations v thle:e phenomena ? chibited
75. U what uliar appearances exhi b
ptol:‘ele ;polt):,c did Dgpe\;ilson found his sola{'
theo .
76. Of whatry'doei Dr. Herschel suppose the lucid mat-
ter of the Sun tp consist ?
1. thaet?dou he suppose th nucleus of the spot to

T2
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78. What names did Dr. Herscfiel give to those phe-
nomena formerly denominated nuclei, umbrse,
fecule, luculi, &c. ?

79. What are openinﬁ ?

80. How does Dr. Herschel account for their pro-
duction? N

81. What are shallows ?

82. Describe the various appearances they sometimes
exhibit.

83. What are ridges, and how far have they been ob-
served to extend ? "

&4. What are nodules, and what does Dr. Herschel
conjecture from their never appearing near the
centre of the Sun’s disc?

85. What are corrugations™

86. What are indentations ?

87. What are pores ?

88. Of what does Dr. Herschel suppose the Sun to
consist ?

§9. What is Dr. Brewster's opinion concerning the
probable construction of this great luminary ?

90. At what part of the Sun’s disc is his light found
to be most intense ?

91. To what cause is the zodiacal light generally at-
tributed ? -

92. What other name has this ?henomenon ?

93. What form does it assume :

94. How is its lenticular figure supposed to be pro-
duced ? e g

95. By whom was this phenomenon figst particularly

o noticed ?

96. What was his first opinion respecting it ?

97. Did he long retain this opinion ? * R

98. How did he afterwards supposeit to be caused ?

99. Dr:: tge character by which astronemers denote

e Sun. ,
100. What is it suppgied to represent ?

QUESTIONS AND EXERCISES ON LECTURE I1I.
101. Which is the nearest planet to the Sun ?
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102. On what accountdid the Romans name him Mer-
curius ?

108. What is his mean hourly motion in his orbit ?

104. What does the character astronomers employ to
denote this planet represent ?

105. What is the Ji’nmeter of Mereury ?

106. In what time does it revolve round the Sun?

107. What is its mean distawce from that luminary in
round numbers of miles?

108. What appesrances does it exhibit when examined
with a powerful telescope ?

109. What is the length of its day ?

110. What was the height of a mountain in the south-
ern hemisphere of Mc:cury, the altitude of
which was measured by Schroeter ?

111. Which?is the next planet in the system to Mer-
cur, .

112. Whnty was Venus called by the Greeks when she
rose before the San in the morning, and what
when she set after him in the evening ?

118. How was she denominated by the Romans under

. similar circumstances ?

114. What ?does her astronomical character repre-
sent .

115. What is the diameter of Venus?

116. ng lgng does she take to move once round the

un

117. What is her distance from the Sun?

118. Has she differeng*Phases ?

9. W mm great cbservers of Venus Jiugreed

ially with regard to the time of her roto
tion on her axis ? " . ed.b

120. Whose opinign was afterwards confirm

wgebnet‘:r,-}nd what is the true time of her rota}-’
tion or the length of her day? ~

121. What planet revolves roung the Sun between the
orbits of Venus and Mars

122. What is the astronomical character of Mars ?

129. What is the diamgeter of Mars ; what the period
of its revolution round the Sun; and what its
distance from that luminary ?

TS
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138.
139.

140.

141.
142,
143.
144.

145.
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Mars ‘shines with'a very rbd light; explain the
“;::\ue of “tlhin phenomenon.h been observed
at peculiar appearances have serv

about the polar regions of Mars ?
How long does Mars take to complete a revolu-
tion on his anis, according to Dr. Herschel ?
Which is the next planet in the system to Mars ?

. What is the character by which astronomers re-

“Present Jupiter ?
Sim?i' his diameter and his distance from the
un
In what time does Jupiter revolve on his axis ?
How long is Jupiter revolving once reund the

n
Describe the telescSpic appearance ef this

planst.

Are all the spots observed on Jupiter supposed
to be permanent ?

To what may be attributed the difference of
colour in Jupiter’s belts, and the changes that
are continually taking place in them? -

Which was the most remote planet known to the
ancient astronomers ?

By what names was this planet known among the
Greeks ? . :

What is Saturn’s astronomical character ?

What is his diameter ?

In what time does Saturn revolve roond the Sun ?

lV;Vhpt hi:t his dsi:dmnc& m B“;m 4
y what singular a is rn distin-

“guilbed from all the other planets?

ho first observed an uncommon appearance in
this planet ? . .
Who first ascertained that Satarn wes encircled
D‘zc:nbn:gh: tel of this ri
. . ring,
e e ol o o i
orm.

How many times does the,outer diameter of the
exterior yn'ing of Saturn exceod: the diameter
of the Earth ?
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146. In what respect’does the surface of Naturn re-
semble that of Jupiter ?

147. Saturn and his ring revolve round the same
axis ; is their period of rotation the same, or
if not, which exceeds the other, and how
much ?’

118. What different names is the next planet to Sa-
turn, in the system, known by, and what is its
astronomical character ?

149. What is the diameter of Uranus, its distance from
the Sun, and its period of revolutien round that
luminary ?

150. Is the time of its rotation on its axis ascertained ¥

151. What induced astronomers, buivre the discovery
of the minor primaty planets, to suppose that a
glanet revolved round the Sun in .the. interval

etween the orbits of Mars and Jupiter ?

152. How was this opinion afterwards realized ?

153. Why may the four newly discovered planets be
considered minor primary planets ?

15+. What did Dr. Herschel call them ?

155. By what names are they individually distin-

uished ? .

136. Where, when, and by whoma was Ceres first dis-
covered ? °

157. Which of these bodies was next discovered, and
by whom ?

158. When and where was this discovery made ?

159. When was June flest odggerved ? .

160. Who hag,the honour of discovering it ?

161. By whom was Vesta first observed, and when 7o
162. In what time does Vesta revolve round the Sun,
.and what igher mean distance from him ?

168. What is the'mean distance of Juno from the Sun,

and how long does she take to revolve round
© him? E
164. What is the period of Cefes’s revolution in her
- grbit, and what is her mean distance from the
central luminagy 2

165. How * is Pallas . circulating once reund the

Sun, and what is her mean distance from him ?
T 4
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166. What'does the astronomical character of each of
these minor primary planets represent ?

167. What did Dr. Olbers suppose these planets to be ?

168. Which of them is sometimes visible to the naked

e
169. Hz the time of their rotation on their axes been
ascertained ?

QUESTIONS AND EXERCISES ON LECTURE 1V,

170. What body constantly attends our Earth in its
revolution round the Sun ?

171. What is the astronomical character of the Moon ?

172. What is her real diameter ? :

173. Being so much smallet than any of the planets,

Awh"buum her to appear so mu:_hi,h r ?t.h

174. curjous appearance is exhibited by the
l\:ozn when about three or four days old ;ywhat
is the phenomenon vulgarly called ?

175. Describe the-phenomenon itself.

176. How has it been supposed to be produced ?

177. How do philosophers endeavour to account for
the faint light that is spread over the surface of
tha, old Moon, at the time of the phenomenon
above-mentioned taking place?

178. How does Dr. Brewster suppose the lucid bow
on the eastern limb of the old Moon to be

“sh ti;l neral ‘oftbel disc

179. at is the unar disc,
when euhfl:ed wim a powerful telescope ?

180. Give a more particular description of the lunar

¢ spots, and of the varieties the&eundergo during
. the increase and decrease of the’Moon. .
181. What may be naturally inferred from these ap-

? .
182. V\,hu is supposed _to be the height of some of
Wht ues the dark portions of the lunar disc

188. at are i unar di
vt’iam}:'y '“pggmd‘ wal: ?d& f there bei ?
184. o first sy idea o ] vol-
canoes in the Moon? "8
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.

185. What eminent astronomer witnessed sgveral ap-
pearances of tiis kind, and has given us a par-
ticular account of his observatinns upon them ?

186. To whom are we indebted for the complete dis-
covery of a lunar atmosphere?

187. What is the utmost height at which it is dense
enough to inflect the rays of the sun, or to af-
fect the brightness of a fixed star ?

188. How have the various appearances of the lunar
disc been represented ?

189. Who first made a mapof the Moon?

190. How did he denote the various spots on her sur-
face? )

191. How did Hevelius distinguish them ?

192. Find the Crisian Sea on the map of the full Moon,

ig. 11.

193. Whlfu is the name of the spot markede3?

194. Which spot is denominated the Lake of Peath ?

195. How does the Sea of Vapours lie from the Sea of
Serenity ? : ;

196. What is the spot marked ¢ called ?

197. Is the Lake of Sleep or the Crisian Sea the more

easterly ?
198. Which is the most extensive spot on the lunar
disc ? .

199. Describe the situation of the Bay of Rainbows.
200. Where is the spot Tycho, and for what is it re-
markable ?
201. Which is the brightest part of the full Moon, and
how is this brilliant spot situated ?
202. By whom and when werd the satellites of Jupiter
iscovered ? N4 o

203. What is their number, and in what order

recloned ?
204 hgh‘e’{” timo?oet each of these bodies revolve
round Jupiter ?

205. Do alwa ear in the order of their re-
the::yve du&.n:gsp from hn’:l:: ?
206. time do these satellites take to revolve on

their axes ?
207. How many satellifes has Saturn ?
TS
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208. By whom were the sixth and seventh satellites
discovered? ¢

209. In vha?t order do these bodies revolve round Sa-
turn

210. Are the orbits of all the satellites equally in-
clined to the plane of Saturn’s ofbit ?

211. What happens to the fifth satellite when it ar-
rives at its greatest eastern elongation or dis-
tance from Saturn ?

212. What is the distance of the sixth or nearest sa-
tellite from Saturn,' and in what period does it
révolve round its primary ? ’

218. How far is the seventh satellite from Satarn, and
how leng does it take to go once round him ?

214. In what time does the first satellite revolve round
Saturn, and at what distance from him ?

215. How Jong does Saturn’s second satellite take to
nfove once round its primary, and how far is it
froin Saturn ?

216 How much does thie distance of the fourth sa-
tellite of Saturn exceed that of the third, and
how much longer is it revolving round him ?

217. How much does the period of the fifth satellite
exceed that of the seventh, and how many
miles is the latter nearer to Jupiter than the
former ? .

218. Which of Saturn’s satellites is the ]”5”' ?

219. How many satellites has Uranus, and by whom
were they discovered ?

220. What is remarkablegn the direction of their mo-
tion round their primary ?

22]1. In what time do they severally revolve round

¢ Ul’ll;lll, and what is the distance of each from
him ! .

QUESTIONS AND EXERCISES ON LECTURE V.

292. What was the opinion of Heraelitus respecting
the form of twnmh? '

223. What other forms were apcribed te it before it
was found to be globular 7
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224. What people are said b{ Diogenes Laertius, not
only to_have Mown the earth to bé epherical
or nearly so, but alse to have been acquainted
with the cause of lunar eclipses ?

225. How may the convexity of the surface both of
the sea and land be ascertained ?

226. What affords the mest satisfactery proof ef the
sphericity of the Earth?

227. After the convexity of the Earth’s surface had
been completely ascertained, what did astro-
nomers suppose to be the Earth’s true figure ?

228. Into how many varieties may gravity be distin-

uished ?

229. What is meant by particular or terrestrial gra-
vity ?

230. What is general or uxlversal ity ?

231. Why does a stene dropped gfrr:vmtytho tep of a
tower — or any other body left unsepported
— descend tothe Earth in a right line perpen-
dicular to its surface

232. Has the Earth an upper or under side?

233. How does gravity t all fallimg bodies, and
what is it that causes some bodies to descend
with greater rapidity than others ?

284. Describe the law Eﬂ which gravitation agets.

285. Why is it that in all expeviments made upon the
weight of bodies, gravity assumes simply the
form of a constantly accelerating foece, with-
out exhibiting any change in its effects agree-
able to the law escribed?

286. If we consider gravity &) a constant force, what
rule shall we have for the descent of circume
terrestrial bodies? °

287. How may“we account for the descent of a pro-

ectile m a<curved line 2 )

238, What is the difference between the gravity and
the wei t:f.;‘bod? e of bis clock

239. Richer foun t the um clock,
wchhlch at Paris vhnhset::e seconds, lost twe
minutes and twgaty-eight seconds per day in the

T6
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island of Cayenne, near the equator : and that in
ordet to make it vibrate &rue seconds, it was
to shorten it abdut the eleventh part
of an inch —to what great discovery did this
. Emution pavhe the wa i; "
240. Explain upon what principles it might naturall
be inferred from the lbol:re cimug:nnce, thayt
Cayenne was farther from the centre of the
Earth than Paris, and consequently that the
distance of the equator from that centre must
exceed that of any,other part of the Earth’s
surface ; and that the Earth, therefore, is not a
true sphere, but an oblate spheroid, compressed
at the polar and swelled out at the equatorial
regions.
241. What is the probable difference between the po-
lar apd equatorial diameters of the Earth ?
242. What is the cause of the Earth’s assuming a sphe-
roidal form ?
243. How does the Earth’s rotation on its axis produce
with ‘zm«;egree f velagity would
244. With what of velgeity would it be neces-
for the Earth to revolve on its axis, in
:?;r that all bodies without losing their situa-
tiop on the Earth’s surface, might become en-
tirely destitute of weight.

QUESTIONS AND EXERCISES ON LECTURE VI.

245. The Earth is surro on every side by a fluid
mdss, which ex to a considerable height
above its surface, what is this fluid mass called ?

246 Of what is the atmosphere composed ?

247. Isit endued with weight ? '

* 248. What is the weight of the attpsphere on' every
square inch of the Earth's surface ?

249. By what means is the weight of the atmosphere

250. What is the weight of the-whole atmosphere ?

251, What would bei $he. diameter of a globe of lead
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ual in weight to the whole atmosphere, ac-
et:grding toulﬁ!. Cotes ? P

252, Estimating thé surface of a middle-sized man at
14 uLuare feet, what pressure of atmosphere
does he sustain ?

258. How is it that we are insensible of the external °

ressure of the atmosphere ?

254¢. What mistake is frequently made with respect to
the cause of a languid sensation with which we
are apt to be affected in bad weather ?

255. Which parts of the aimosphere are most dense ?

256. What causes the clouds to float in the atmo-
sphere, and why do they not ascend to indefinite
heights ?

257. At what height above the Earth’s surface, would *
a cubic inch of tlle air we breathe be s0 much
rarified, as to fill a sphere equal in diameter to
the orbit of Saturn ? o

258. Of what does light consist ?

259. What is aray of light?

260. What is meant by a pencil of rays ?

261, dVhat is a beam of light ?

262. What proportion does the number of grains of
light emitted by a burning candle in one:second
of time, bear to the number of grgins of sand
contaitted in the whole Earth, supposing every
cubic inch of the Earth to contain one million
of such grains ?

263. What is the ordinary rate at which a cannon-
ball moves per ho\?n .

264. How long would it beNn'going from the Earth to
the Sun, if it were to continue to move withshe
same velocity with which it was first projected ?

265. How long is a ray of light passing from the Sun,

* to the , and what is the velocity of its mo-

tion? B
266. In what proportion -dogs the velocity of light °
exceedt’im,ofd, on-ball ?

e fovce with which mov-
vt effect would take

267- h'b“ %o
ing bodies ot
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place if 1,469,084 grains of light were equal to
a single grain of sand?  *

268. What is an opaque body ?

269. How does an opaque body shine ?

270. In what direction does light when emitted or
reflected always move ?

271. Whatis a medium ?

272. thlia light subject to the power of attraction
which in certain cases overcomes its tendency
to move in a right line ?

278. Under what peculiar circumstances is this effect
produced ?

274. How is a ray of light said to be affected when it
is drawn out of its natural course ?

275. What is the angle of incidence ?

276. What is the angle of reffaction ?

277. How is a ray of light affected in passing from a
mors rare to a denser medium ?

278. How is it affected in passing from a denee me-
dium to one of greater rarity ?

279. How may these laws of refraction be experiment-
ally illustrated ? .

280. Does any change take place in the direction of a
ray of light striking the surface of the refracting
medigm perpendicularly ?

281. What is the refraction in proportion to ?

282. What is the greatest height at which the atmo-
:Pll:‘er; is dense enough to refract the rays of
ight

283. Show by fig. 12. that r'nctm tends to imcrease
the apparent altitudé of a hedvenly body. .

284« In what situation is a heavenly body most affected

¢ by refraction, and why ?

285. Does the refraction increase or decresse with

: the akitude of the celestial body?

286. In what point must thé body be situsted for the
refraction to dé silling, and why ?

£87. What is the anghe' of splraiition 7 )

268. very hon has been known
to result froni i refriction 7 .
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289. What causes the S8mr and Moon tq assume an
oval form at ¥ising and setting ?

290. What effect is uced by the reflective power
of thel atm erfl ? :

29]. About how many degrees is the Sun below the
eastern verge of the horizon when the morning
twilight begins ?

292. When does the evening twilight end ?

298. Is the twilight of an equal duration in all Iati-
tudes, and at all times of the year?

294. Whan is it found toebe the shortest in our lati-
tudes?

295. What does the term meteor comprehend ?

296. What causes that beautiful phenomenon called
the iris or rainbow ?

297. Why does it always assume a semicircular ap-

arance o

298. l-iow must the spectator be situated relatively to
the Sun and the shower that the rainbow may be
visible, and what is the least altitude of the Sun
necessary for producing this phenomenon ?

299, Describe the phenomenon called the halo or
corona.

300. What are parhelia, and by what are they caused ?

301. By what are they generaly attended 2»

302. What are elenz? o

303. How are falling or shooting stars produced, and

» of what do they consist ?

304. What opinion did the ancients entertain with re-
spect to the me! called fire-balls ?

305. Where are thy most , and what is their

appearance ? ’ -

306. Describe the remarkable one seen in this cofintry

in the yw 17“{ '

307. “What circafbstances attend the disap-
of these eng ? S
308. Of what are stones ?

809. What is the opinion of D, Chladni respecting

: these meteorg¥ 1, . e -
310. Wimhu?ﬁuﬁﬁﬁcmcuonuto
be projected '
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311. What is the most general opinion respecting the
origit/ of these bodies.? *

312. What is the meteor called ign’afumun, or wander-
ing fire, supposed tobe ?

313. What description does Dr. Shaw give of one seen

: by him in the Holy Land ?

314. How d:es Sir Isaac Newton define the ignis fa-
tuus :

315. In what part of the heavens does the aurora bo-
realis make its appearance ?

316. Where are the northern lights seen with the
greatest effect ?

817. Describe the appearances they exhibit.

318. To what is the aurora borealis probably owing ¢

~819. What is dew?

820. How is snow formed? -

321. Hoy i?s.thunder produced, and what is light-
ning.? :

822. Where are water spouts most common ?

828. Describe the method in which they are produced.

QUESTIONS AND EXERCISES ON LECTURE VII.

$24. What jg the horizon?
825. Distinguish the sengible from the rational hori-
zon.

826. What are the poles of the horizon called ?

827. What is the genith ?.

828. What is the nadir ?

3829. What ure almacanters/

330, Wl;y are they sometimes. denominated parallels
« of altitude ?

381. What are vertical circles ? .

932. What is that vertical called whick passes through
the north and south points of the horison ?

‘388. What is that called which passes through the

east and west points ?

884, What are circles pasming.through the poles
ofoﬂlermdrch co-:only:l:d? pe

'»;g‘vs ' e
i
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3385. Wbl:it a; the semi-diurnal arch of arty heavenly
Y,

836. What is the amplitude of any heavenly body ?

3387. What is its azimuth ?

3388. Why are vertical circles sometimes called azi-
muth circles or azimuths ?

339. How far distant are the poles of the ecliptic
from those of the equator respectively ?

340. What is the solsticial colure ?

341. What is the equinoctjpl colure ?

342. Does the apparent diurnal revolution of the
heavenly bodies appear under the same circum-
stances, as viewed from all parts of the Earth’s
surface?

348. How do the heaverly bodies appear to rise and
set 1o an inhabitant of the equator,

344. Why is a spectator so situated, said o have a
right ‘)osition of the sphere?

345. Why will his days and mghts be of an equal length
throughout the whole year?

346. How much of the starry sphere will appear to
him to rise and set every twenty-four hours ?

347. What great circle of the sphere becomes his
prime vertical ? " .

348. To an inhabitant at eitheg of the poles, ‘what great
circle of the sphere coincides with his horizon ;
and what points has he in his zenith and nadir ?

349. To an observer so situated, how will the Sun,
Moon, stars, &c. a to move ?

850. What position of the 3 is he said to have?

851. Will all the stars pass through his visible heygj-

sphere ? ) ]
852. Wgat will be the.length of his day and night?
358. What positfon of the sphere is an observer be-°
tween either of the poles and the equator said
to have, and why? . «
854. What is the largest circle in the sphere of the
heavens, el to the celestial equator, which
P entire above the horizon of any place,

? .
855. What is thelargest parallel in thc%&ﬁd sphere,
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whith never rises above® the horizon of any
lace, called?

856. What are the stars called which are compre.
hended within these circles ?

357. How far are the circles of perpetual apparition
and ocoultation of any place from their respec-
tive poles?

858. What stars never set to the, inhabitants of Lon-

on
859. Does the magnitude ef the circles of perpetual
. apparition and eccultation increase or diminish
wid; the distance of the place from the equa-
tor
360. To those who inhabit the poles or have a parallel
position of the sphere, what great circle be-
comes both the circle of perpetual apparition
ané occultatien ?
361. Have the inhabitants of the equator any circle of
apparition or occultation ?
362. To what body have the poetical risings and set-
tings of the stars a reference ?
363. Of how many kinds are they ?
364. What are they called? -
865. When is a star said to rise or set cosmically ?
366. When is a star said-to rise or set acronycally ?
967. What is meant by the heliacal rising or setting of
a star or planet? i
368. From what did the ancients reckon the com-
mencement of the ¢g-days ?
369. Show that what ary' termed the dog-days have
«  now (at Jeast itr our latitude) no connectron with
¢ the heliacal rising of Sirius.
370, On w!n;«by did the Sothic year of the Egyptians

, 371, Why did they commence their year at that time?
372. Whyguched:ﬁmum fus ?

the figare of 2

“r

representng the
‘lieaguﬁd star belongs, upder
g e ... L
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® [ 4
QUESTIONS AND EXERCISES ON LECTURE VIIL

374 What is the time at any tho, when by the-diur-
nal rotation of the Earth on its axis it is brought
immediately under the San ? and how is the Sun
said to be situated with regard to that place ?

375. What is a natural day ? .

876. How is the natural day divided ?

377. The equator being divided into 860 equal parts
called degrees, and,the Earth revolving on its
axis in 24 hours, how mawy degrees of the
equator revolve in or correspond to one hour of
time ?

378, Wl;at a;re the hour circles ofysny particular

ace *

379. Explain the general phenomena of the Earth’s
dK:mal rotation, by ll:rem of diagrame2.

380. What persons have their time earlier than the
inhabitants of any particular place ?

381. If when it is nine o’clock in the morning at one
place, it is found to be twelve o’clock at noon
at another, how is the latter place situated with
regard to the former ?

382. Will a person setting out from any place, and
travelling eastward round the Earth, havegained
or lost a day in his reckoning when he returns
to that place again, and why

383. Suppose & person to set out exactly at midnight,
and to travel due esst at the rate of 15°inan
hour, how long will i{be befove he hds the Sun
on his meridian? ' -

384. If instead of due east he travels due west av
same rate, and set out at the sale hour (viz.

* at midnighit), when will he have the Sun on his
weridian ? .
$85. In what manmer may the Sun’s annual grogress
round the heavens be detected? -

386. Does til,xe Sun always sise dug esst and set due
west? - ‘

987. On what days dees it doso? ..y )

388. How long together does the Sun continue to rise
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nortl of the eastern point of the horizon, and
set north of the western ?

389. How lon together does he continue to rise and
set south of those points ?

890. On what day of the year does he rise and set
most northerly ?

891. On lwl;ut day does he rise and set most south-
erly

892. What does this change in the rising and setti
points of the Sun thaoughout the year, prove

393. By what other method may it be demonstrated
that the Sun’s apparent annunl motion is not
performed in the equinoctial — in other words,
that theSun has north declination during one
half of the year, and south during the other ?

894. On what day of the year will the Sun’s meridian
Ialtieu;le be greatest, and on what day will it be

east -

395. What is the differente between the gregtest and
least meridian altitudes of the Sun :

396. What, therefore, is the obliquity of the ecliptic ?

397. Docs any change take place in the obliquity of
the ecliptic ?

398. What is its annual diminution ?

399. Describe the methed by which the Sun's apparent
annual through the heavens (commonly
called the ecliptic) may be traced among the
stars.

400. What are those els called which the Sun

: describes when at /ts greatest distance from the
« equinoetial, and why are they so called ?

401.° What is that tropic called which is north of the

. equinoctial, and ':t:g' isit sonanfed?

402. Why is that tropic which is south of the equinoc-

) tial called the tropic of Capricorn? -

403. Why are these points called the solssicial points
or solstices ?

404. To the inhabitants of what portion of the Earth’s
surface, do the terms Spring, Summer,' Autumn,
and Winter, as applied to the equinoxes and
solstices, relate ? St
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405. What is that drcle parallel to the ‘equinoctial,
called, whose distance from the north pole is
23° 28'?

406. What is that parallel denominated, whose dis-
tance from the south pole is the same ?

407. Explain the meaning of these terms.

408. With what does the variation in the meridian al-
titude of the Sun correspond ?

409. Inorder to produce these varieties, what must be
the position of the Earth’s axis relatively to the
plane of its orbit ?

410. On what days of the year does the Sun rise at
six o'clock in the morning, and set at six in the
evening ? .

411. On what day does the Sun remain something
more than sixteen hours above the horizon of
London without setting ? -

412. On what day does the time of his continuance
above our horizon not exceed eight hours ?

418. Explain the situation of the Earth with regard to
the Sun on the days of the equinoxes and sol-
stices, by means of fig. 18,

414. Give a more complete illustration of the regular
increase and decrease which take place in the
length of day and night throughout the year,
and of the whole theory of the seasons, by

means of di S8.

415. Show by the circle of hours attached to the
Earth in this di , at what time the Sun
rises and sets on t day of every month
throughout the year. -

416. Mention the days on which he enters the seferal
signs of Jnic. .

417. Name the signs belonging to each season of the

ear.

418. Wyhy ?is s0 little heat derived from the Sunin Win-
- ter

419. What csu;u conspire to produce the heat of

. Summer? .
420. It is found by experieace that we have not the
hottest weather at Midsummer, when these
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caubes operate most folcibly, but generally
about a month after the Sun has left the tropic
of Cancer — neither have we the coldest weather
when he is in the Winter solstice, but about the
latter end of January or the beginning of Fe-
bruary, when he bas made some considerable
progress in his return towards the equinoctial
— account for these ap t inconsistencies.

421. Which are denominated northern signs— and
which southern ? «

422. Which are called ascending and which descend-

ing sigits ?
QUESTIONS AND EXERCISES ON LECTURE IX.

423. How do the equinoxes divide the year?

424. How much longer is the Bun in going from the
vernal equinox to the autumnal, than he is in
passing from the gutumnal to the vernal ?

425. From this circumstance ‘what may naturally be
inferred with regard to the apparent motion of
the Sun?

426. ls the apparent motion of the Sun actually found
by. rvation to be subject to inequalities ?

427. At what time of the year is the Sun's apparent
motion the fastest ?

428. When is it slowest ?

429. Is the apparent diameter of the Sun constantly
the same P ‘

430. With what does thefchange which takes place in

« liis apparent dianieter correspond ?

431 How may the coincidence between his apparent
diameter and the velocity of ais motion, be

ed? \ .
4332, t causes the apparent diameter of the Sun to
be conti varying
433. The t annpal motion of the 'sun bei:s
j by the Earth's motion ‘in its orbit,

these changes in his ‘apparentlismeter being

regularly repeated every year, what“do they
prove? ‘
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484. All the planetstn the system, whethef primary or
secondary, revolve round their respective centres
in ellipses, they are all subject to a similar in-
equality of motion ; and in performing their se-
veral revolutions they all abserve one general

n;aw; what is that law ?the faol

435. Illustrate by diagram 4. the motion of a planet in

A0 elliptic orbit ? P

436. Do the orbits of the planets differ much from
true circles ? . '

4387. Is the?Eanh nearer the Sun in Winter or in Sum-
mer -

438. Why have we not the warmest weather, when the
Earth is nearest the Sun?

439. Who first discoverdd that the planetary orbits
were of an elliptical figure, an(f theJaw accord-
in% to which they revolve in their srespective
orbits ?

440. What other remarkable fact did he discover re-
lating to these bodies?

441. What were these important discoveries of Kepler
afterwards denominated ?

442. How are they usually expressed 7-

448, By whom have they been since demgonstrated,
and upon what principlgs ?

444. If a body gravitating towards a centre receive a
projectile force in a direction not ing
through that centre, what line will it describe
by its compound motion ; and what tendency
will it have while an this line ?

445. What is the centrifugal Yorce ? -

446. What is the centripetal ? . .

447. What arestheséitwo fogees by the joint action of,

* which the,plangts are retained in their orbits,
called? .

448, ain by fig. 16, in ‘what roanner these two

Efx'gco: aKecﬁt‘ the motion of a planet, causing

the radius vector to pass over .equal areas in

ual timees.
449, U:aer what ciréumetances would the joint action
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of the central forces cahse the planet to de-
scribe a circle round the Stn?

450. What will be the § described by the revolv-
ing body when these two forces act at right
angles to each other, but are not duly adjusted ;
or when being duly adjusted to each other,
they act at oblique angles ?

451. Illustrate this subject by means of fig. 1%

452. What must be the projectile velocity of a planet
in Oll‘d%l' that it may revolve round the Sun in a
circle?

QUESTIONS AND EXERCISES ON LECTURE X.

453. What is the time in which, by the EaRth's rota-
tion on its axis, any given meridian revolves
from any fixed star to the same fixed star

in, equal to?

454. Why does it require something more than a com-
plete rotation of the Earth on its axis, to bring
the same meridian under the Sun on two suc-
cessive days?

455. What iia solar day?

456. Whgt is asidereal d:ﬁ .

457. How ?hu;:h does g solar, exceed a sidereal day in

458. In 365 solar days, how tmany complete rotations
does the Ear rform on its axis ?

459. Proceed to give &';taery beautiful elucidation of
this subject whicly the 5th diagram

460. Is the phenomenoli you have now been describ-

«  ing common to all the p_rim;r‘y lanets?

461. Are the sidereal days alwayy c_te same length ?

462. Istbereany variation in g\t oftbeuolardl!s?

468. What causes the solar days to vary in length :

464. What is the difference between the time shown
by a well clock, and that shown by a
true sun-dial, called ? .

465, Explain that part of the equation of time which
results from the incli of the Earth's axis
to its orbit. .

12
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[ ]
466. Holwb n;ay th_il. be illustrated by a terrestrial
obe .

467. Were the obliquity of the ecliptic the only cause
of the equation of time, on how many days in
the year would a correctly going clock and a
true sun-dial agree ?

468. Which would those days be ?

469. Explain that part of the equatioh of time which
depends on the inequality of the earth’s motion
in 1ts orbit ? .

470. How many times in the course of a year would
the unequal motion of the earth in its orbit,
groduce a coincidence between the time shewn

the clock and that shewn by the dial?

+71. When would these coincidences take place ?

472. What, therefore, will happen when the sun is in
apogee and perigee, at his entrance into the
signs Aries and Libra, or Cancer and Capricor-
nus? ¢

473. Do the two causes of the equation of time always
co-operate in causing the dial to be faster or
slower than the clock; or, are, their effects
sometimes opposed to each other] so that the
dial or clock may be faster from one eause and
#flower from the other, sn which case it is rea-
sonable to suppose, theg will occasionally coun-
terbalance one another :

474. When one of the equations is faster and the other
slower, how is the tfe equation found? "

475. How'is it ascertained wien they are both faster
or both slower ? cat

476. Is the equation of time as already described s3b-
ject to any varigfions ?

477. Ate the variations to which it is subject consid-
erable ? . R

478. From what do they arise?

479. What is the time shown by the sun-dial called ?

480. What is the time shown by a well-going clock
denominated ?

481. What is a sun dial? .

482. What is meant by a horizéntal dial ?

U
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488. What' is a vertical or erect Uial ?

484. What is a vertical dial, whose plane directly faces
the north or south, called ?

485. Why are those vertical dials, whose planes do not
front the north or south, demominated de-
cliners ?

486. What are those dials named, the planes of which
are neither parallel nor perpendicular to the
plane of their horizon ?

487. If, moreover, the planes of these dials, beside~
being oblique to the plane of their horizon, ‘de-
cline from facing the north or south, what arc
they then termed ?

488. What does the face of every sun-dial represent ?

489, What does the gnomon or stile represent 2

490. Exemplify by means of fig. 18, the universal
praciple of dialling, with its application to
what is called a horizontal dial for any particu-
lar place, as London.

191. Explain the application of this universal princi-
ple in the case of a vertical direct south dial,
as in fig. 19.

192. Explain the method of constructing a horizontal
diel by a globe. ,

493. Describe the method of constructing a horizon-
tal dial, as fig. 21, by the common dialling
scale, fig. 20.

494. How may a meridian line be drawn with sufficient
accuracy for all consmon purposes ?

495. Why is this operation best performed “about thc

e time of the sumnfer solstice ?

<

QUESTIONS AND EXERCISES Oﬂv LECTURE XI.

495. What is said of a planet appearing to move ac-
cording to the order of the signs
496. What is said of it when its apparent motion is
+  contrary to the order of the signs? .
497. What do the aspects of the planets denote ?
498. How many aspects are comnmonly reckoned ?
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499. Name them, a8d make the marks by which they
are distinguished.
500. What does the sextile aspect imply ?
501. What is understood by the quartile aspect ?
502. At what distance from each other must two
lanets be posited to form a trine aspect ?
508. When are two planets in opposition? .
504. What does the conjunction of two or more
plancts signify ?
505. Are these terms usedin reference to any of the
other heavenly bodies ?
506. Bz whom are these aspects supposed to have
een originally introduced ? .
507. How were these aspgcts considered by the ancient
astrologers, with regard to their influence on
mundane affairs? o
508. What did Kepler define an aspect to be, and how
many aspects did he introduce in addition to
those previously knovwn ?
509. Which of the planets are never seen at any great
distance from the sun?
510. What appearance does Mercury exbibit when he
first becomes visible im the west after sun-set ?
511, How may he be distinguished from ,the fixed
stars ? .
512. What is the greatest elongation or angular dis-
tance of Mercury from the sun, at a mean rate ?
513. When does Mercury appear for some time sta-
tionary ? . .
514. Is tie greatest elongati\n of Mercury constantly
the same ? -e
515. Between what limits does it vntg? .
516. Are the spparent mations.of Venus similar to,
*those of Mercury ? ]
517. On what account does the greatest elongation of
Venus exceed that of Mercury?
518. Between what limits does the greatest elongation
of Venus vary?
519. Why are her stations and retrogradations less
- frequent than those %ercury
. U
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520. Explain the shenomena of the interior planets
ercury and Venus, by diagram 6.

521. The illustration now given supposes the earth at
rest in one ;lxvn,niculnr point of its orbit, while
the planets Mercury and Venus are revolving
round the Sun in theirs ; this, however, not being
the case, but the Earth being also in continu
motion round the Sun, explain in what manner
the phenomena already described will be af-
fected by the Earth's motion.

522. The greatest elongations of the inferior planets,
it has already been observed, are not constantly
the same, but vary within certain limits; to
what is this variation rwing?

523. On what account is it that the inferior plancts
Mertury and Venus are so seldom seen to pass
acPbss the disc of the Sun, when in inferior
conjunction with that luminary ?

52+ In or very ncar to what points of their orbits
must these bodies be situated at the time of their
inferior conjunction, in order that this pheno-
menon may take place ?

325. If they be exactly in their node at that time,
ovér what particular point of the Sun’s disc
will they appcar‘to pass ? '

526. When either of these planets just touches the
limb of the Sun, but without obscuring any
part of his disc, what will its geocentric lati-
tude be equal to? ¢ :

527. When the geocenyic latitude of an inferior pla-

=< net (not exactly in its node) at the time of its
inferior conjunction with the Sun, is less than
the semi-diameter of that lumifary, what ap-

aran?ce will it cxhibit to awspectator on the
rth

528. What will be the case when at the time of con-
junction its geocentric latitude éxceeds the

’ W%m""' :;mi-diumeter? f an infe ’ |

529, What is the apparent motiop of an inferior planet

ae::ﬁa the (risc ‘the Sun, called ?
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530. Why are the tfnsits of Venus consillered of so
much importance in the sciencc of astronomy ?

531. What is meant bg' the parallax ofa planet ? -

532. Explain this by fig. 24.

533. When is the parallax the greatest ?

534. With what does it decrease ?

535. In what situation has a planet no parallax ?

536. Is _the?eﬂ'ect of parallax similar to that of refrac-
tion ’ Y

537. Why is it called the pgrallax of altitude ?

538. Can the change of altityde produced by parallax,
cause & variation in any other circumstances
connected with the place of a planet ?

539. Describe the effects of parallax in longitude,

© latitude, S °*

540. From what does the doctrine of pagllax derive
its greatest importance ? pu

5t1. Does the parallax of any object increase or di-
minish with the distanee of that object from the
Earth?

512. What celestial bodies are so remote as to have no
sensible parallax ?

543. Is the parallax of the Sun easily detected ?

5+4. What is the easiest method of deterggining the

arallax of a planet? | -

H!:)w may the parallax’ of'the Sun be most accu-

rately determined ?

546. By whom was the method of finding the parallax
of the Sun from ¢he transits of Venus first
suggested ? *

547. What steps were adopte\ in consequence of ghe
learned Doctor’s suggestions ? .

548. What advyantages has the science of astronomy

ederived frpm the observations made on the*
transits of Venus in the years 1761 and 1769 ?

549, Explain the general principles upon which this
important operation is conducted.

550. Exquplify this by fig. 25. ..

551. Figere 26 is an illustration of another method of

nding the hoMzontal parallax of the Sun; ex-
plain that method.
vs

515.
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552. What has been found by a‘variety of observa-
tions to be the Sun’s parallax, and consequently
what the distance of the Earth from th:%un ?

553. The distance of the Earth from the Sun being
ascertained, how maly; the distances of the
other glmeu from that luminary be deter-
mined ™

554. Thedistanceg of the Sun and planets being known,
what other particulars respecting those bodies
may be easily ascertained ?

QUESTIONS AND EXERCISES ON LECTURE XII.

555. What is the aberrsftion of light? .

556. %{ whom was this phenomenéédiscovered ?

557. What gras Dr. Bradley endeavouring to deter-
mine, when he was led to the discovery of this

henomenon ?
558. “yhu has induced astronomers to take so much
ins in endeavouring to discover the annual
lax of the fixed stars ?

559. In what year was the discovery of the aberration
of light completed ?

560. Whay motion of the Earth is demonstrated by
this discovery? ,

561. Wh:t deduction of Roemer's was confirmed by
it?

562. From obfervations upon what phenomena did
Roemer infer that light was propagated in timq
andl not instantangously ?

568. Explain the phenofaenon called the aberration of

« light by fig. 27.

564. What illustration does a shower ef hail afford of

¢ this phenomenon ? “ "

565. What ought the aberration of the stars near the
pole of the ecliptic always to be ?

566. In what manner will stars which are -situated
near the eclipge itself, be aﬂ'ected& aberra-
tion ? g

567, How will those silies be affected whim are situ-
ated between the ecliptic and its pole ?
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568. Are the placed of the planets affedted by the
aberration of light ?

569. What is the aberration of a planet equal to ?

570. Why is the aberration of the Sun always twenty
scconds ? '

571. How may the aberration of the planets be deter-
mined from ¥hat of the Sun?

572. In what will the planets’ aberration be greatest,
and with what will it vary ?

573. When is the aberration ofy a planet the least ?

574. When is it greatest in a superior, and when in an
inferior planet ?

575. What is the precession of the equinoxes ?

576. By what ie this phenoméhon produced ? *

577. Give an explanation of this phenomenan.

578. In how long do the eqninoc&l poings perform a
complete revelution ? ' P

579. How much does the Sun’s arrival on any year
at the same equinox ofrom which he set out the
year before, precede the time of his arrival at
the same actual point of the heavens from which
he started ?

580. What is a tropical or solar year ?

581. What is a sidereal year? -

582. What is the length of each, and what the differ-
ence between them ?

583. Have all the other planets in like manner a solar
and sidereal revolution in teir respective
orbits ?

584. Of the whole annur:’l;(ecmion of the®®quinoxes,
how much is produded by the action o§,rbe
Moon, and how much by that of the Sun

385. Is there pot an inequality in the part of the pre-

* cession pfoduced by the Moon, and from what
causes does this inequality proceed ?

586, What other phenomenon may be principally at-*
tributed to these causes ?

587, Bﬁf nutation of the Eqrth’s axis, it describes

all ellipse in the heavens, what are the dia-
rs of thi ellipsellf what is the period in
U 4
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"~ -
which it is described ? and with what does this
period correspond ?

588. To whom are we indebted for the discovery of
the nutation of the Earth's axis ?

589. With what phenomenon is it combined in produc-
ing the change which is observed to take place
in the obliquity of the ecliptic ?

590. The action of the other planets upon the protu-
berant matter about the equatorial regions of
our Earth, has, in cgnsequence of the inclina-
tion of their orbits to the equator, a tendency
to diminish the obliquity of the ecliptic, and
also to produce a precession of the equinoctial
points ; to what do their united effects in these
‘cases amount ? ‘

"~
QUESTIQNS AND EXERCISES ON LECTURE XIII.

591. From what great cincle and towards what point
of the Ears is the latitude of any place on the
Earth's surface reckoned ?

592. Why was this circle selected, and was it univer-

y adopted for that purpose by ancient astro-
nomers and geographers ?

593. Were€'they equally,unanimous in the choice of a
first meridian, and for what purpose is a first
meridian used ?

594. Through .what place did most of the ancient
Gree geographeu wmake their first meridian
to

595, Howp::l the longitade formerly reckoned ?

596.c Since what great discovery has the longitude
commonly ireen reckoned both eastward and
westward ? .

597. What other meridians have been fixed on at dif-
' ferent times as first meridians ?
598. How do modern geographers determine this
int ? “, m
599. What is commonly understood by the datitude
end longitude of §place? - e
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600. What do the words latitude and lonqitude really
mean ? o

601. Exemplify the misapplication of these terms by
modern writers ?

602. Is it not probable that these words were origi-
nally rather applied to the whole earth itself,
than to any particular place on its surface ?

603. By what methods may the latitude of any place
be found either by day or night ?

604. Prove by figure 28. that the height of the pole
star, or rather the glevation of the pole, is equal
to the latitude of the place.

505. Explain the method of finding the Jatitude of a

l';ce by the meridian altituﬁe of the Sun.

606. M‘:y not the latitude of any place be ascertained

by taking the méridian altitude of any of the
ﬁmeu or stars whose declinationg,are known ?

607. hf' should there be no allowance mgade for pa-
rallax in determining the latitude by the meri-
dian altitude of a star ?

608. Describe the manner in which the longitude
might be determined with ease by means of a
chronometer, provided one could be made
which could be depended upon at all times
and under every change of climate.

609. In consequence of the variations arisifig from the
difference of climate, &c., to which watches,
however correctly made, are found to be sub-
ject, other methods are employod for determin-
ing the longitude er ascertaining the difference
of time at any two distant places ; tpon what

rinciples do these mythods proceed ? .
610. What celestial phenomena are proper to besem-
loyedjn determining the longitude ?
611.*Which of ghese phenomena are best calculated
for this purpose ? :

612. Who was the first among the Greeks that at-*
tem I:?’d to determine the magnitude of the

613. \'\?o{lext endeavoured®o solve this important
problem? o -

us
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614, What did he employ for this purpose ?

615. How did Residonius e:!:lez»{mr to ‘l’nxlre the
ci.rcnmferenee of the Earth? and what result
did he obtain according to Cleomedes ?

616. How much does Strabo’s account of the circum-
ference of the Earth obtained by Posidonius,
differ from that of Cleomedes ?

617. How may the difference between these accounts
be explained ?

618. To whom was the measure of 180,000 stadia, af-
terwards ascribed ky Theon and others, and
how came it to be so ascribed ?

619. By what more improved method have later astro-
nomers und en to determine the magnitude
of the Earth ?

620. By what means is a degree of the terrestrial
meridian measured ?

621. Who first attempted this method of determining
the circumference of the Earth ?

622. What did he find td'be the length of a degree ;
and what did he make the whole circumference
of the Earth to be ?

623. Who was the first English astronomer that en-
deavoured to determine the circumference of
the, Earth by measuring a degree of the me-
ridian ? .

624. Describe the method by which Mr. Norwood
cstimated the length of a degree, and his con-
clusions respecting the dimensions of the

~

625. Whd was deputed by the Royal Academy of
~ .« Sciences at Pari' to measure a degree of the
26c “"nheﬁdia‘:l?h perform this operation ? what did

626. Where did he] is ion? what di

he find to be the length of a ilegree, ana con-
neq‘q:eently, what the cifcumference of the whole
globe ?

(1)
627. By whom, and to what places was this measure-
ment afterwards continued ? Lo
628. From a comparisch of the lengths of the several
degrees contained in that arc, what very erro-
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neous conclusion did Cassini the younger arrive
at with respdtt to the figure of thé Earth »

629. What steps did the Academy of Sciences take
in order to ascertain whether the Earth were
really an oblate or a prolate spheroid ?

630, What degree did the mathematicians employed
on the northern expedition succeed in measar-
ing, and between what places is it situated ?

631. Did they find the length of a degree in these
high latitudes to be greater or less than that of
a degree ih France, and how much ?

632. Where, and in what year, did the mathematicians
employed in the southern expedition, com-
mence the measurement of a degree?

633. When did they conclude their operations ? ‘

634. How much did the'length of a-degree so near the
equator, exceed or fall short of thg length of'a
degree in France ? -

685. From these measurements and others which have
subsequently been made in various parts of the
world, is the Earth ascertained to be an oblate
or a prolate spheroid ?

636. Concerning the exact magnitude of the earth a
great difference of opinion still prevails, what,
however, may be considered as nearly a true
estimate of its circumference and difmeter, and
also of its superficial and solid contents ?

637. Explain the principles upon which the length of

a degree in any parallel decreases with the

proximity of that garallel to either of the Soles,

or with its distance from the equator, and also
give a proportion for §inding the length of a de-

gree in any parallel. o

638. From what did the ancient geographers divide

= the surfage of the globe into certain tracts te
which they gave the name of climates ? and
how did they commonly describe the situatione
of any particular place

639. What is a geographical climate ?

640. Wis the whole sarface of the Earth divided into
climates by the ancients ?

u 6
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641.

ot

Did th_e')l' begin their reckoning at the equator ;

or with what parallel did they commence ?

642. In what direction did they count their climates,
and how many climates did they originally
reckon ? .

643. How were they named ?

644. Is a climate divided into two equal parts by a
sarallel, in which the length of the longest day

iffers a quarter of an hour from that of the
longest day in either of the extreme parallels
which bound that climate ?

645. Why are the parts into which the climate is
divided unequal ?

646. What number of climates were shortly after
added, and on which side of the equator were
they situated ? ‘

647. How were these southern climates named

648. How dime the whole surface of the earth, from
the “equator to the poles, to be divided into
climates ? ]

€49. Where do modern geographen begin to reckon
their climates, and how far do they reckon
them by the increase of half an hour in the
length of the longest day ?

650. In what manner are the climates reckoned within
the'polar circles ?

651. Into how many climates is the whole surface of
the globe usually divided by modern geo-

aphers ?

652 at are those climates between the equator and
the, polar circles called ?

653. What are those clitpates denominated which are

* ¢ situated between the polar circles and the
oles ?

&54, The ancients also divided ghe, strface of the
Earth into five great portions ¢alled zones ; by
what p:rticulnr names were these zones distin-

ished ? Co

655, What circles form the boundaries of the torrid
zone ; and what degrees of latitude does that
zone comprehend ? .
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656. By what gren circle is it divided into two equal

parts

657. How are the temperate. zones situated, and what
is the latitudinal extent of each ?

658. Which are the frigid zones ?

659. To what did the terms Amphiscii, Heteroscii, &c.,
ﬂ‘;:plied by the ancients to the inhabitants of
the several zones, refer ?

660. Why were those that dwelt within the tropics
called Amphiscii?

661. Why were those who lived without the tropics
denominated Heteroscii ?

662, To whom was the term Periscii applied, and dur-
ing what time of the year are they properly so
called ? .

663. What were the ifhabitants of any place termed
when the noon day sun was vertical to them ?

66t. \Why are those who live under thquopics some-
times called Ascii-Heteroscii ?

665. Why are the inhabitagts of the torrid zone fre-
quently denominated Ascii-Amphiscii ?

666. From what other circumstances have peculiar
names been given to the inhabitants of different
parts of the Earth?

657. To whom did the ancients apply the term
Syneci; and what did persons sd’called have
in common ? *

668. How were the terms Periceci and Antceci applied
by the ancient geographers ?

669. What did Xersons &0 denominated have in com-
mon, and in what respect did they differ ?

670. To whom do the modgrns restrict these terms ?

671. In what situation are persons said to be th§ An-
tipodes of each other ?

QUESTIONS AND EXERCISES ON LECTURE XIV.

672. Can a superior ever be seen in opposition
_totheSun? ™ Gy . . )

673. Can it ever ‘h.;;ﬁmor conjunction with
him.° ° R
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674. Why can a superior rhm never have its unen-
lighténed side wholly turned towards the Earth ?
675. Does the motion of a :\gerior planet always
agpm direct or according to the order of

the signs ?
' 676. Give a general description of the phenomena ex-
hibited by a superior planet to a spectutor

laced on the surface of the Earth ?
677. Give a more particular explanation of the appa-
rent motion of a superior planet, illustrating it
by diagram 7. .

678. Are the phenomena now described common to
all the superior planets ?

679. Which of these phenomena are greater, the

' nearer the superior planet is to the Sun ?

6860. Is the time of retrogradation greater or less the
neareg the planet is to the Sun?

681. Describe the increase and decrease which the

velocity of the agpnrent motion of a superior
Planet undergoes ? «

682. When is the apparent diameter of a superior
lanet greatest and when is it least ?

83. How do the superior planets appear to move
among the fixed stars in consequence of the
inclipation of their orbits to the plane of the
ecliptic ? .

684. What does fig. 29 represent ?

685. How may the apparent path of any other planet
be easily delineated ?

686. Why is the greater portion of the enlightened
surface of a superior planet constantly turned

. , towards the Earth/?

687.Describe the phases of the Moon, or the appear-
ances she exhibits in her monthly revolution

*  round the earth. g‘ . :

688. Illustrate this subjéct by the 8th diagram ?

*689. What are the syzigies ?
690. What are those poings§f the Moon's orbit in
. _which she is 90 degeées from the Sun, called ?

691. What appearances-#i84s ougi Earth present to the

inhabitants of the Moon ? .
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692. Cnll\l& our?Eartlzbe ever geen from all parts of the

oon

693. What is a sgnodical revolution of the Moon,
and by what dther name is it sometimes called ?

G94. What is the mean period of a synodical revolu-
tion of the Moon ?

695. What is a sidereal revolution of the Moon, and
what is its period ?

696. What causes the Moon’s synodical to exceed
her sidereal revolution, and to what is the dif-
ference between these two revolutions equal ?

697. What is the Moon’s periodical revolution, in
what time is it performed, and what causes the
difference between the sidereal and periodical
revolutions ? . ‘ ¢

698. What. is the Moon's yath in absolute space ?

699. Explain the cause of those changeg in the form
of the lunar orbit, called the lugar inequali-
ties ?

700. Explain by means of fig. 30. the alternate acce-
leration and retardation of the Moon in her
orbit, called her variation?

701. By whom was this first observed ?

702, Describe the change which takes place in the
form of the lunar orbit, in consequence of the
Sun’s unequal attractjon when the Moon is in
-syzigy and quadrature.

703. The motion of the apsides is also an effect of this
disturbing force, describe the phenomenon.

704. In what manner imthe line of the Moon’s nodes
effected by the action of the solar force, in what
time do the nodes cemplete a revolution_frgm
any point of the ecliptic to the same epoint
again.and ghat is their annual motion ?

705: Describe thediffect of the Sun’s attraction on tife
inclination of the Moon's orbit to the plane o
the ecliptic ? .

706. In what manner are the lunar in ities af-
fected by the elliptical form of the Earth’s
orbit ? o
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707. Describe what is jtermed the Moon's annual
equafion. .

708. By whom was the secular gquation first ob-
served ? .

709. By whom was the cause of this incquality dis-
covered ?

710. Explain the nature of it.

711. How is the correction for the Moon's Jongitude
calculated by the present tables, found ?

712. In what time does the Moon revolve on her axis,
and how is it ascertained ?

713. How is that side of the Moon which is turned
towards the Earth, enlightened during the ab-
sence of the Sun?

‘714. What proportion of light and darkness has the
other side of the Moon ?

715. What ig the length of a lunar natural day, and
what.diversity af seasons do the inhabitants of
the Moon experience ?

716. It what manner willithe lunarians probably de-
termine the length of their year ?

717. How many natural days does it consist of ?

718. What is mcant by the Moon’s libration, of how
many kinds is it ; and by what names are the
different species of libration distinguished ?

719. Do these different species of libration arise from
real inequalities in the Moon's rotation on her

‘ axis, or are they only apparent irregularities ?

720. ‘l:; whom were t. iscovered ?

721. Whence does the libratien in longitude arise?

722. Explain this phenomenon.

79%. What causes the Mann's libration in latitude?

724. £Explain the nature of her diurnal libration.

725. How is the spheroidal libratf"\ caysed ?

7%6. Explain the phenomenon Whlled the Harvest

mnl

%27. Why is it that this phenomenon, which bappens
every lunation, is only taken notice of in the
harvest months ?

728. Describe the manner in which the phenomenon
of the Harvest Moon is affected by the inclina-
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tion of the Moon’s orlhit and the place of her
nodes.

729. Which is the Harvest Moon to the inhabitants of
the southern hemisphere?

730. Why does the Moon when near the horizon ap-
pear so much larger than when in the zenith ?

QUESTIONS AND EXERCISES ON LECTURE XV.

731. What is an eclipse of the Moon ?

732. What is an eclipse of the Sun, as it is commonly
called ?

733. What did the ancients believe an eclipse of the
Sun to be caused by ?

73%. Why was an eclipse of the Moon frequently
called by the ancients lune labores.

735. Olf whgt. use are these phenomend in chrono-

ogy?

736. Doegs the science of ggography receive any bene-
fit from them ?

737. What cffect is {n'oduced by the interception of
the rays of light, issuing from a luminous body,
by an opaque one ?

738. What figure will the shadow cast by an opaque

spherical body assume, when luminous
bodygis inferior to the opaque one in magni-
tude .

789. When the luminous body is equal in sizc to the "
opaque one, whatywill be the of the sha-
dow cast by the latter ? .

740. In either of the above_ cases, what will be the
length of the shadow® s’

741, If the magnitude of the luminous body exceed

« that of ‘the illuminated, what form will the
shadow of the latter be of ?

742, What is that fainter divergent shade called,
which encompasses the conical shadow cast by
an opaque body, whose magnitude is less than
that of the luminous body by which it is illu-
minated ? .
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743. What'is the figuré of the penumbra, and with
what does its axis coincide ?

744. Explain these particulars by fig. 32.

745. Why is the shadow cast by every planet and
satellite in the system of a conical form?

746. In what situation of a planet is the shadow cast
by it the longest ?

747. When is it shortest ?

748. Explain by fig. 33 the cause of solar and lunar
eclipses ? -

749. Why is it that there is not an eclipse of the Sun
every time the Moon is new or in conjunction ;
and an eclipse of the Moon every time she is
full or in opposition ?

750. In or near to what point of her orbit must the
Mooy be at the time of new and full Moon,
in order that, these phenomena may take
place? -

751. When the Moon is-exactly in her node at the
time of new or full Moon, what two lines co-
incide ?

752. If the new Moon take place exactly in the node,
what kind of eclipse of the Sun will happen ?

753. How will the Moon be eclipsed if at the time of
full'Moon the ling of her nodes precisely coin-
cides with the line of the syzigies?

754, Within how many degrees of her node must the
Moon be at the time of her conjunction, in
order that'asolar eclipse may take place ?

755. Withm how many degrees of her node at the
time of oppositior. must the Moon be situated,

o in order that a lunar eclipse may happen?
756. Why can there be neither g solar nor a lunar
v eclipse when the Moon’s distance from" her

node exceeds those limits ?

~157. Exemplify these particulars by diagram 9.

758. When the line of the nodes coincides with the
line of the syzigies, where is the Moon at new
and full, and how-is she situated about her
quarters ? o

759. How is the Moon situated when new and full,
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and in what Boints of l‘er orbit is sife about her
quarters, when the line of the nodes is at right
angles to the Ifne of the syzigies ?

760. Does the line of the Moon’s nodes always con-
tinue parallel to itself?

761. What does the motion of the nodes amount to
in a lunation, and what in a year, and. this mo-
tion being retrograde, how many days sooner
does the Sun arrive at the same node each suc-
gess,ive year, than he di(} on the year preced-
ing ? X

762. In what time do the nodes perform a complete
revolution in the ecliptic, and why cannot the
period of their revolution be employed as a re-*
gular period of eclipses ?

763. What number of lunations does ghe Chaldaic
period comprehend, and of what, number of
years, days, &c. does it ‘tonsist ?

764. In what manner didethe ancients employ this
period in calculating the return of eclipses ?

765. A much more exact period than the Chaldaic
may however be usevf in a similar manner for
predicting the return of eclipses ; what is the
absolute length of this period? of how many
lunations does it consist ? also, what will be the
eMoon's distance at the conclusion of it from
the position which she had relativelg' to the
Sun and Earth at its commencement ?

766. What is the least and what the greatest number
of eclipses that can happen in the course of

any year ? . .
767. When only two eclipses take place, of what kind
will they b

768" When seven ap;ien in one year, how many=of
them will be solar and how many lunar ?

769. What is the most usual number, and how many
of them are lunar?

770. Explain the cause of this variety in the number
og eclipses which may happen in the course of
a year ?

771, Where do eclipses of the Sun begin and end ?



452 APPENDIX.

772. On which limb do| eclipses wf the Moon com-
mence, and where do they go off ?

779. Into how many parts is she disc of the body
eclipsed, supposed to be divided ? what are those
divisions called? and how is the quantity of an

eclh{’se expressed ?

774 The Moon's orhit being elliptical, and the Earth
occupying one of thg foci of the ellipse, in what
points of her orbit 1s the Moon's apparent dia-
meter exactly equal to that of the Sun? when
is it less thanjghbe Sun’s diameter, and when is
it greater?

775. The diameter, therefore, of the Moon constantly
var}'ingwith her distance from the Earth, ex-
plain in what manner 'an eclipse of the Sun
(which, we have already.scen, always happens
when"“the mqon changes very ncar her node)
is afiected by the Moon’s distance from the
Earth at the time of the eclipse taking place?

776. Why, in a solar eclipse, can total darkness never
continue more than 4 minutes 6 seconds ?

777. What is the diameter of the circular space on
the Earth’s surface, over which the Moon's
dark shadow extends, when the Sun is farthest
from-the Earth and the Moon nearest to it;
't;l]lat? is, when this space is the largest possi-

e

778. How far may the penumbra extend upon the sur-
face of the Eartge-? -

779. Undeg what circumstances are the shadow and

penumbra falling upon the Earth exactly cir-

*  cular? .
780. ‘What effect has the Moon’s parallax upon a solar
-  eclipse? -
781. Why does not an eclipse of the Sun occur at the
. same time in all places to which it becomes vi-
sible ?

782. The velocity with wijch the Moon’s shadow tra-
verses the Earth’s surface, is equal to that of
the Moon’s motion from the Sun; to how many
English miles per hour does this amount ?



QUESTIONS AND EXERCISES. 453

783. Illustrate the [’henomen! of solar ech’pses by figs.
34, 35, and 36.

784. Explain the mahner in which the penumbra falls
upon the Earth in respect of the latitude of the
Moon, and her proximity to her node ?

785. Illustrate the subject of lunar eclipses by fig. 34.

786. When the Moon is full exactly in her node,
through what point 6f the Earth’s shadow does
she pass, and what is her distance from her
node, when she just touches the Earth’s sha-
dow without entering into it ?

787. What is the greatest possible duration of a lunar
eclipse ?

788. What is meant by,the Moon’s being more than
12 digits eclipsed ?

789. In what manner is the quantity of an eclipse
frequently expressed by mbdern aseronomers ?,

790. What causes the Moon sometimes to appear of a
dusky red colour, when totally immersed in the
Earth’s shadow ?

791. What is meant by an occultation of a star or
planet ?

792. Explain the circumstances under which these
phenomena may happen.

QUL%TIONS AND EXERCISES ON LECTURE XVI.
.

793. What is the word tide usually employed to de-
note ?

794. Who is gcnerally supposed to have first assigned
the true cause of tEe tides ? -

795. By whom was it afterwards demonstrated®that
these phenomena are precisely such as ought

* to result&rom the action of the Sun and Moon

upon the waters of this terraqueous globe ?

796. How may it be known that the tides are princi-
pally under the influgnce of the Moon ?

797. Explain by the 87th three following figures
the manner in which the Moon (separately con-
sidered) acts®upon the- waters of the ocean in
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prodacing the lgeneral Phenomena of the
tides ?

798. Are the tides wholly under the influence of the
Moon?

* 799. In the production of the tides, what proportion
does the disturbing force of the Sun bear to
that of the Moon ?

800. Exemplify by figs. 41 and 42, the effects of the
Sun and Moon in producing the phenomena
called Spring and Neap tides.

801. Why is it that it is never high water at any place
at the time of the Moon's passing the meridian
of that place, but some hours after, when, ac-
cording to the exﬁlanation now given, the tides
ought to be highest immediately under the
Moon, and on the opposite side of the Earth?
also, why dothe Spring and Neap tides never
happen till a few days after the Moon's being in
syzigy and quadrature ?

802. Explain the moadifications (principally arising
from the obliquity of the ecliptic, and the in-
clination of the Moon’s orbit to the plane of the
equator) to which the gencral phenomena of
the tides, as now explained, are subject.

803. To what local circumstances may be attributed
that want of contormity which is obserrable in
the tides wtparticular places, to the general
theory already laid down ?

804. Explain by figures 43 and 44 the apparent mo-
tions of Jupiter’s satellites ?

805. What are the geocgntric nodes of these satel-

. lites?
806. What line does the satellite appear to describe
. when the Earth is in either of its geocentric
nodes ? :

"+807. What will be the apparent path of the ?planet
when the Earth is in any other situation
808. How may it be known when a satellite is in its
superior or inferiorsemicircle ?
809. Jupiter being supposed at~his mean distance



QUESTIONS AND EXERCISES., 435

from the Earth, what‘is the greatest angular
distance of each of his satellites from him ?

810. In going through their inferior semicircle, what
appearance do they sometimes exhibit ?

811. In going through their superior semicircle, the
satellites of Jupiter are eclipsed by passing
through his shadow ; they also sometimes suffer
an occultation, or ate hidden behind the body
of their primary without being eclipsed; ex-
plain these phenomgna by fig. 45.

£12. From what is it inferred that the planes of the
orbits of Jupiter's satellites do not coincide
with that of their primary ?

813. What are the eclipses of these satellites frequent-
ly employed for &ctermining ?

814. What discovery did Roemer make from observa-
tions upon the eclipses of Jupiter’s'.satellites ?

815. Exemplify this subject by fig. 45.

816. Why do the satellites gf Saturn so seldom pass
through the shadow of their primary ?

817. What is the inclination of the plane of Saturn's
ring to the plane of his own orbit ?

818. Why is it that the Sun constantly illumines the
north side or upper surface of the ring during
one half of the Saturnian year, and® the south
pide or lower surface of it during the other?

819. From what cause does the rigg disappear twice
in the course of every revolution of Saturn
about the Sun, ang what is the longitude of Sa-
turn when this is observed to happea ?

820. lllustrate the phenomgua of Saturn’s ring by
fig. 46. .

821. Whgat occasions the ring sometimes to disappear

« twice ift ¢he course of one of our years?  «

§22. What is méant by the disappearance of the ring,
since Dr. Herschell informs us, that when Sa-e
turn was observed through his forty feet re-
flector, the ring was ajways visible ?

828, What other curious phenomenon has Dr. Her-
schell sometignes witnessed through the same
very powerful instrument ?
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824. Who records an i‘istance of’a star having been
seen through the space between the ring of Sa-
turn and the body of ‘thaf planet ?

QUESTIONS AND EXERCISES ON LECTURE XVII.

825. In what light were Comets generally regarded
.by the ancients ? ¥

826. What is said to have been the opinio# of the
ancient Chaldeans respecting them ?

$27. What did Pythagoras maintain concerning
them ?

828. Was Aristotle of the same opinion ?

829. What did Seneca suppose these bodies to be,
and in what manner does he argue respecting
them-? .

830. Who .first proved by direct observation, that
Comets were situated at a much greater dis-
tance from the Barth than the orbit of the
Moon, and consequently could not be meteors
or exhalations ?

831. Who fully demonstrated that Comets were pla-
netary bodies revolving about the Sun in very
eccentric ellipses, which extend far beyond the
planctary system,?

8:32. Describe the telescopic appearance of the head

of a Com
833. Do the heads of all Comets present similar ap-
earances ? w

834. What very peculiar appearances did the nucleus
« , of the Comet of 1518 exhibit ?
835. What did Sir Isaac Newton suppose the nuclei of
Comets to be composed of ?
#56. What was the opinion of Appian,-Cardan, Tycho,

and others.respectinéjhom, and what did they

- suppose the tails of Comets to be?

837. Of what did Kepler imagine the tail of a Comet
to consist ? -

838. Wh;t was the opinion of Des Cartes respecting
it *

839. ‘What very eminent astronomer supposed the tail
17 .
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of a Comet'to consist of a very fine vapour, '
exhaled from the nucleus by the intense heat
of the Sun? * ’

838. Describe the various appearances the tail of a
Comet exhibits, in consequence of the position
of the Comet iteelf, relatively to the Sun and
Earth?

839. Hpw long was-the tail of thewemarkable Comet

1680, according to 8ir lsaac Newton ?

840. What remarkable appearance was observed by
Hevelius, in the Comet of 1665 ; and what other
Comets have exhibited similar appearances ?

841. Why may that part of its erbit which a Comet
describes, when yisible, be considered a portion
of a parabola ?

842. With what velocity did the Comet of 1680 mov-
in its perihelion, accprding to Sir dsaac liew-
ton ? .

848. For what is the Comet bf 1759 remarkuble, and
by whom was its return foretold ?

844. What is supposed to be its peyiod, and when
may it again be expected to € Its appear-
ance ? ' ] .

845. What did Dr. Halley suppose to¥oe tha period of
the famous Comet of 16807 i what years did
I® suppose it to have been preyliusly seen, and
by what celebrated poet of ankiquity is the
same Comet probably alluded to ?

846. What was remarkabl® in the Comet o

847. What was the diameter of the nucleu¥ ¢ )
Comet of 1811 in geographical miles,?c:
cording to Schroeter, and what was the dids._
meter of a smaller and much more brilliags

° nucleus, Which the same astronomer observed
in the centre of thg former? * .

848. What was the total diameter of the head of this

Comet, and what the greatest length of the
. tail, according to the same observer%

849, Of twenty-four Comets whose elements have been
accurately caltulated, how many have passed
between the Sun and ‘the orbit of Mercury
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—how many between theé orbits of Mercury
and Venus — how many betwecen the orbits of
Venus and the Earth—"how many between
the orbits of the Earth and Mars — how many
between the orbits of Mars and Ceres — and
how many between the orbits of Ceres and
Jupiter?

$30. Show how improbable it is that any Cogget in its
passage to or from its perihelion should en-
counter the Earth, or make so near an appulse
to it, as to cause any serious convulsion, or be
attended with any calamitous consequences ?

. 851. 'To what did Mr. Whiston attribute the universal
deluge in the time of Moah ?

852. What very extraordinary opinion was entertainced
by tisat gentleman with respect to the purposes
for ¢hich these bodies were probably designed ?

.
QUESTIONS AND EXERCISES ON LECTURE XVIII,

853. How may the fixed stars be readily distinguished
from the planets? .
854. How do you account fof the twinkling of the

fixed stats ?
855. What is the greatest number of stars at any one
time vigible to the naked eye ? ¢

856, Whence may the diversity in the apparent mag-
nitugles of the fixed stars be supposed to arise ?
857. Intq/how many classes or orders are the fixed
tars which are visible to the naked eye divided
/= by astronomers,‘with respect to their apparent
magnitudes ? and what are those stard denomi-
- nated which compose the seve:al classes ?
858. Are the stars composing any one of these classes
all of the same apparent size and brightness ?
859. What are those stars called which cannot be
perccived without the aid of a telescope ?
860. In what manner was the sphere of the fixed stars
divided by the ancients ?
561. What proof have yau to offer of the antiquity of
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this method®f dividink the stars nto constel-
lations ? .

862. What was the flumber of the ancient constella-
tions, (as they are now called,) and in what man-
ner were they for the most part delineated ?

8G63. By what general name were those stars called

which could not be included in any of the

vkures of the constellations? .

at is the number of the consttHations into
which the heavenseare at present divided, and
of whatare the new constellations principally
composed ? .

865. Into how many classes are the constellations,
usually divided,sand what does each class com-
prehend ?

866. To what number do the constellatiens north of
the zodiac at present amount?

867. What is the number of constellations south of the
zodiac? °

868. What farther distinctions were employed by the
ancients in regard to these bodies?

869. What very cffectual method of distinguishing the
scveral stars contained in each constellation
was introduced by Bayer about thegear 16032

870. Do the Greek letters indicate the real magnitudes
of the stars to which they refer, or only the re-
lative magnitudes of those in the same constel-
lation?

871. For what purpose Were the letters of the Roman
alphabet employed? '

872. When the number of atars in any consteMatidh
‘ekceeds the number of letters containéd in

. both alphabets, how are the references cgp-
tinued ? *

878. Under what form are each of the Bears said to,
have been represented by the ancients; and
by what other names is the constellation com-
monly called the Great Bear still very fre-
quently distinguished 7

874. In what manner afy, the seven stars disposed,

X2
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by which this -constellation is principally
known ?

875. Why are the two stars farthest from the tail call-
ed the pointers, and which of them is of the Ist

. e
876. Which of the seven principal stars in this con-
stellation’ bave proper names assigned them ;

and what are those names ? .

8§77. Which‘of the stars in the tail of the Great Bear
appears double ? andewhat is the star of the 5th
magnitude called, from which it derives this
appearance ?

8§78, Describe the position of the principal stars in
Ursa Minor. N

879. Why is the star at the extremity of the tail of the
Little: Bear called the Pole Star #

880. Which: of the stars in this cogstellation are deno-
minated the Wardens of the Pole ; and by what
particular name is the brightest of these two
stars distinguished? -

881. In what form are the principal stars in the con-
stellation  Cassiopeia arranged ; what is the first
star called ; and how may this star, and conse-
quertly the whole constellation be readily found
in the heavens? .

$82. Describe the situation of the principal Ltars in
the constellation Cepheus, With the most ready
means of finding them in the l.eavens.

883. Describe the situation ofthe constellation Draco.

884. What star in this constellation passes vertically

&« over London once in" the course of a natural
“ day; in what part of the Dragon is ffle most
brilliant star in the constellation. situated, and

how may it be distinguished in the heavens?

885. What remarkable star is contained in the con-
stellation Auriga, and in what part of the cons

;- _stellation is it found ?

886. Describe the situation of the other principal
stars in Auriga, and by what means they may
be known ? - ¢
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887. How is Anlromeda epresented;. what par-
ticular stars does it contain; where are
they situated, and how may they be distin-
guished ?

888. In what constellation are Algenid and Algol
situated, and by what means may they be
found ?

889. How ;;e the Triangles and the Northern Fly situ-
ate -

890. How many stars of the 2d magnitude does Pega-
sus contftin ; what are their names, and what do
they form with Alpheratz in the head of An-
dromeda; also, what is the particular situ-,
ation of each of: these stars, and in what
part of the constellation is the star Enif situ-
ated ? .

891. How may Delphinus be known?

892. What star of the 1st magnitude is to be found in
the constellation of the Swan; in what form are
the principal stars in this constellation disposed ;
and in what part of the figure formed by
them does the star of the st magnitude oc-
cur?

893. The Eagle and Antindus are generally consider-
ed as one constellatiom which is intersected by
¥he equinoctial : what portion of this constella-
tion is north of that circle, and what portion is
south of it ?

894. In what manner are constellations, which are di-
vided into two parts each by the equinoctial,
o be looked for in théplanispheres?

895. Athair is a star of the 1st magnitude in the Eagle;

. describ® the situation of this star, and of ghe
other principal stars in the same constella-
tion. . ’ .

896. How does Sagitta lie from Aquila?

897. In what constellation is the beautiful star Vega
or Wega situated ; and how may it be found

898, What is the ngme of the principal star in the
Northern Crown? »

X3
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. 3

899. How is Hercules r ‘prescnted., and in what part is
Ras Algethi situated ?

900. The Serpent Bearer and the Serpent contain a
star of the 2d magnitude each : how are these
stars situated, and what is the name of that in
the Serpent Bearer ? ..

901. How is the constellation Biotes represented, and
for what brilliant star is it remarkable ?

902. Describe the situation of thisand the other prin-
cipal stass contained in this asterism ?

903. Between what constellations are‘the Greyhounds

situated ? -
904. Where is Cor Caroli, and by whom was it made a
constellation ? L

905. How is Coma Berenices situated, and of what
starstdoes it principally consist ?

906. Desctibe the situation of the principal stars in
Leo Minor.

QUESTIONS AND EXERCISES ON LECTURE XIX.
4

907. How are the principal starﬁ?x Aries situated ?

908. What two remarkable groups of stays are con-
tained in the Buil ? ¢

909. What is the chief star in ti#gonstellation named,
and what part of the figure does it form ?

910. What are the two Rrincipal stars in Gemini
called?

11, Describe the situatign~ of these stars, and of

« the other princiﬁﬁal Btarg in the same,%gqtella-
tion. MU

6:2. How may the grincipnl stars jn' Cancer be re-
cognised ; and what are two remarkable stars
in the body of the Crab called ?

913. How many stars of the 1st magnitude are there
in Leo; what are their names ; in what parts
of the constellation are they situited, and how
may they be readily found in the heavens ?

914. How is the'Yirgin represented ; where is the star
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Spica ; what is its magnitude, and®how may it
be recognised ?

915. What are the two principal stars in Libra called,
and how are they situated?

916. In which scale is Zuber Hakrabi, and with what «
other stars dqcs it form a rhomboid ?

917. How may Autares, the chief star in the Scorpion,
be distinguished, and for what fs it remark-
able? C

918. How are the prigcipal stars in Sagittarius
(most ofywhich are visible in our latitudes) situ-
ated ?

919. The Goat is principally distinguished by three
stars of the 3d ipagnitude : describe their situa®
tion, and also that of Deneb Algedi, a star of
the 4th magnitude in the same asjerism.

920. Give directions for recognising the principal
stars in Aquarius.

92]. In what part of theeconstellation Pisces is its
chief star situated ; what is its magnitude, and

1 how may its position in the heavens be deter-
mined ? .
922. For what 18" the constellation Cetus remark-

able? .
923. Some of the stars in thjs constellatidn have pro-
#per names: what are the names by which they
are distingished, and in what parts of the
Whale are they to be found ; dlso, what is the
magngitude of tRe principal stars in the aste-

rism ?
924, Name the three mioglerp constellations which sre
situated immediately below the Whale ? o
925, For what is the constellation Orion remarkable,
*  and how is it usually represented ? -
926. How many stars of the first magnitude, how
many of the 2d, and how many of the 3d, art
contained in this brilliant asterism ?
927. Describe the situation of the nine principal stars
in Orion.
928. How is the cdnstellation Lepus situated ?
X4 =
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929. Describe the cours¢: of the riter Po ?

930. What is the chief star in this constellation called,
and why is it never seen By the inhabitants of
Great Britain ?

931. What is the name of the principal star in Canis
Minor; what is its magnitade; and how may
its situation in the heavens be determined ?

932, What is the principal star in Argo Navis called,
and how is it situated ; also, in what part of the
Ship is the star Man%ab, and what star of the
1st magnitude is it nearly southeof?

933. In what constellation is the star Sirjus, for what
is it remarkable, and with what others does it
form a triangle nearly equilateral ?

984. What is remarkable in the constellation Hydra;
what is the name, and what the magnitude of
its chief star, and where is that star situ-
ated ?

935. How are the Cup, thé Crow, and the Bird of the
Desert situated ?

936. The only stars of consequence in the Centaur
that ever ascend above our horizon are one of
the 2d magnitude, onc of the 8d, and four of
the 4th: how are the stars disposed in the con-
stellation? .

937. In what constellation is Fomalhaut ; whht part
of the cgnstellation does it form, and what star
is it due South of?

938. Among those constellatibns which are always in-
visible to the inhabitants of Great Bpitein, the

« , Cross is the most brilljant and the mqs§'remdrk-

* able: of what principal stars does K-cggeist,

and what advantages do the inhabitant§ of the
southern hemisphere derive frou) it ?

939. In describing the positions of the several stars
! contained in any constellation, how is the con-
stellation itself supposed to be situated ?

940. How do you discover what stars culminate or
- come to the meridian at any given time ?
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QUESTIONS AND EXERCIéES ON LECTURE XX.

.

941, In what respect does the telescopic appearance
of the fixed stars prove the immeasurable dis- ¢
tance of those bodies from us,

942. By what method did Dr. Bradlgy endeavour to
discover the annual parallax of the fixed stars ?

943. What result did he obtain ?

9+4. Was Dr. Herschel, yho endeavoured to deter-
mine thg same problem by observations upon
double stars, more successful ?

915. Explain the very ingenious method proposed b
Mr. Mitchell, for obtaining the probable para
lax of the fixed stars.

946. Why cannot the results obtained by this method
berelied on ? o

947. What means have been employed by astrono-
mers for detecting any changes which may be
going on among the fixed stars, but which, on
account of the very immense distance of those
bodies, require very long periods of time to be-
come sensible ?

948. Who first made a catalogue of the fixed stars ?

949. By whom was the most_extensive cftalogue of
ghe stars formed, and what number did it com-
prehend? . °

950. By whom was the proper motio‘ of the fixed
stars first discovesed ?

951. Who first ascribed this phenomenon to a progres-
..” #ivimmotion of the solgr system, and from what
+- cosiderations did e deduce this opinion

952‘,%1‘«13 what point of the heavens does Dr. Her-

* “schel suppose this motion of the solar system
directed ?

953. What does Dr. Herscllel imagine to be the velo-®
city of this motion, and of what does he sup-
pose the centre round which it is performed
toconsist? ‘

954, Whatdiscoverysinduced Hipparchus to undertake
the task of forming a catalogue of the stars ?

x5
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955. When was a new gtar discovired in Cassiopeia ?

956. By whom wgs it particularly observed ?

957. What appcarance did it exkibit when it was first
seen ?

' 958. When did its magnitude begin to diminish?

959. Whzn did it entirely disappear, and how long
had it been visible ?

960. What new star exhibited similar appearances ?

961. By whom was it obscrved, and in what year ?

962. In what part of the hegvens was it seen ?

963. What star affords an example of those which
arc gradually increasing in brightness ?

, 964+. Give an example of some star whose lustre is
gradually decreasing.

965. Some stars are found to undergo a periodical va-
riatiqn of lustre : mention some examples of
this kind.

966. What number of stars are ascertained to be va-
riable, and how wany are supposed by Her-
schel to be subject to these changes ?

967. Mention a few of the various hypotheses which
have been proposed to account for these phe-
nomena.

968. How_many stars have bcen observed in the
constellation Orion, by the aid of very power-
ful telescopes ? ,

969. What susprising number of stars has Dr. Her-
schel seen pass through the field of view of hix
telescope in one quarter of an hour’s time,
whén examining the most crowded aart‘ of the

* « Milky Way? ,

970¢ What stars does Dr. Herschel call insulated, and
by what does he suppose them gttended ?,

971. What stars,are com]l)’rehended Sy Dr. Heischel

under the term double stars, or binary sidereal

. [

systems ?
972. How may two stars be so disposed as to have the
appearance of a double star, without actually
forming a binary systemi ?
978. What was Dr. Herschel’s opinion upon this sub-
ject? )
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‘974, What does Pr. Hersclicl call the gngle of posi-
tion in a double star !

975. In how many,double stars upon which observ-
ations have been made by the Doctor has he
found a change either in the angle of position
or in the distance between the two stars o
which the double star is composed ?

976. Six double stars upon which the Doctor’s abscrv-
ations have been published afford a very inter-
esting specimen of these phenomena: which
stars arc they ? °

977. Into how many classes has Dr. Herschel divided
double stars; and what is the distinguishing
characteristic of each class ? .

478. What are nebule ?

979. Whicn is themost remarkable phenomenon of this
kind ? .

980. From what does the whiteness of tife Milky Way
arise ?

981. What does Dr. Herschel suppose the Milky Way
to be?

082. Who first suggested the idca that all the stars
throughout the universe were collected into
nebule, and that all the insulated and scattered
stars which appear in the heaveas belong to
that particular nebwla in which the solar sys-

® tem is placed ?

983. By whom was the truth of this theory estab-
lished?

984, Of how many ngbulaz has Dr. Hegschel deter-

__thined the position, magnitude, and structure?

985, Describe some of the Varieties under whigl tliey

. ¢ appear?

98%. Wll:z?t fyrther observations did Dr. Heggchel
make réspecting these phenomena, and by what
means docs he suppose the condensation of the
stars into nebule is effected ?

987. What are nebulous stars?

988. Of what does Dr. Herschel suppose the nebulo-
sity which accompanies these stars to be com-

X 6
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posed, and what does he igagine the bright
central spot or stdr to be ?

989. Among the numerous nebyle which have been
already discovered, how are'some of the most
remarkable situated ?

990. Describe the arrangement of the heavenly bodies
according to the Ptolemaic system of the
heavens.

991. In what manner did the Ptolemaic hiypothesis
explain the apparent diurnal revolution of
these bodies ? '

992. How were the direct, stationary,’and retrograde
appearances of the plancts, and the inclinations

' of their respective orbits to the ecliptic, ac-
counted for upon this hypothesis ?

993. How were the inequalities in the sun’s annual

; motioh and the variation in his apparent dia-
- meter explained ?

994¢. What peculiarities ip the phenomena of the
inferior planets could not be accounted for
upon the Prolemaic hypothesis ?

995. In what respects did the Egyptian system differ
from the Ptolemaic?

996. How was the Tychonic system distinguished
fronr the preceding, and what very consider-
able improvemen did it receive from Lon-
gomontanus ?

997. By whom was the true system of the heavens
(first taught by Pythagoras) restored? and in
what important particulars does this system
differ from all the foregoing ? ¢

998. ‘The Earth's diuraal rotation on its axis,
and its annual revolution in its orbit, being

. the two grand principles ugdn which . the
Copernican system rests, in demonstrating

« .. the truth of this gystem, it will be neces-
< sary to prove the existence of these motions,

© to the former of which several objections
have occasionally been urged by the oppo-

nents of the zsmiean., ypothe#is; these,
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however may, for the most par$, be reduced
to three: what are th

999. How may these objections be severally an-
swered ?

1000. Prove the annual motion of the Earth round,
the Sun,



PROBLEMS AND EXERCISES

ON THR

ASTRONOMICON.

¢ PROBLEM 1I.

To.ﬁnd ihe Sun's place (commonly called his lona:-
tude) in the ecliptic, and thence his real situation in the
heavens, on any given day.

Seek the day of the month in the calendar of
months, and against it in the adjoining circle will he
found the San’s longitude or placc in the ecliptic for
that day : observe whether this be among the northern
or southern signs, and find the same sign and uegrec
in the ecliptic, on the map of the northern or southern
hemisphere accordingly : this will be the place of the
Sun on the map, and by consequence, iu the heavens,
for that day at noon.

'Thds the Sun's longitude or plfce in the ecliptic on
the 7th July is about 153 of Cancer, and conse-
queptly his place in the heavens is in the‘middle of the
constellation Gemini, near to the star in Castor's right
elbow. ¢

QUESTIONS FOR EXERCISE.

Required the Sun’s longitude and place in the hea-
vens on the following days; 21st June, 21st Becember,
16th April, 4th October, and 28th January.
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PROBL’E& 1I.

The Sun's place in the ecliptic or in the heavens
being given, to find the day of the month. |

If the Sun's longitude or place in the ecliptic be’

iven, seek, in the calendar of months, the correspond-
ing day to that longitude for the answer.

But if his place in the heavens be given, find that
place on one of the maps, and observe to what degree
of the ecliptic it answer®: the day corresponding with
this degree ik the calendar of months is the day
sought.

Thus, suppose the day on which the Sun is dug
north of the star, ire the tip of the Bull's southern
horn, be required,—the point of the ecliptic (in which
circle the Sun must always be found) nerth of this star
is between 21 and 22 degrees of Gemim, and conse-
quently the day required is the 12th of June.

QUESTIONS FOR EXERCISE.

What arc the days of the month in which the Sun
is respcctively in the 12th degree of the twelve signs
of the zodiac ? o .

On what day will the Syn pass the star Regulus in
Leo?

When will Zuben el Genubi be in conjunction with
the Sun?

' PROBLPM 1II.

To find the right ascension of the Sun or ahy fired
' L]

:u]rixtend th¥ silk string over the Sun’s place, ot over
the given star, and it will cut th_e_ right ascens-ion in
time or degrees, among the divisions on the circutn-
ference of the map.

Thus, the Sun’s right ascension on the 21st of June
is 90 degrees, or VI hours.
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'QUESTIONS¢FOR EXEfCISE.

What is the right ascension ofghe Sun on the fol-
lowing days ; 4th June, 15th.May, 10th October?

Required the right ascension of Aldebaran in Tau-
rus, Etanin in Draco, Areturus in Bootes ?

PROBLEM 1V.

T'o find the declination of the Sun or any fired star.

Bring the silk string oveg, the Sun's place or over
the given star, and extend it to the equinoctial or cir-
cumference of the map as in the last problem, then
with a pair of compasses take the distance of the
Bun’s place, or of the star from the point of the equi-
noctial intersected by the string : this distance, referred
to the graduated quadrant of the equinoctial colure,
will give the declination required.

Thus the Sun’s declination on the 21st of December
is 234 S.

QUESTIONS FOR EXERCISE.

What is the Sun’s declination on the 10th July ?

R«;guired the declination of Antares in Scorpio,
Schedtr in Qassiopeia, Vega in Lyra, and Sirius in
Canis Major ? . .
PROBLEM V.,

The right dacension and decliyation of any star being
given, tzﬁind that star.

Find the right ascension on the Jquinoctial, and ex-
tend (Me silk string over fhat point, then taking the
declination between the points of your compasses from
the graduated quadrant of the equindctial colure,
place one foot o(fl the compasses in that point of the
equinoctial which is cut by the string, and extend the
other towards the pole : the star upon which that point
of the compasses falls will be the one required.

Thus the star whose right ascension is 149 degrees,
and declination about 13 degrees ndrth, is Regulus in
Leo.
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QUESTIONS FO® EXERCISE.

Required the stams whose right ascensions and de-
clinations are nearly as f8llow :

Right Ascension. Declination. .
210¢ 20° N.
43° 40° N,
769 81¢ S.
243¢ 26° S.
3420 81° S.
162° 57° N.

PROBLEM VI.

In any proposed latitude to find the meridian altitude’
of the Sun, or q(' any given fized star.

Find the declination of the Sun or star by problem
iv.: this added to or subtracted from ethe comple-
ment of the latitude, according as the latitude and de-
clination are of the same or different denominations,
will give the meridian altitude required.

Thus, suppose it be required to find the meridian
altitude of Regulus in Leo.

The latitude of London is about 514°, its comple-
fnent 883°, hence 384° + 18¢ (the decligation of Re-
gulus nearly) equal 514°, the meridian altitude re-
quired.

QIIESTIONS FOR EXERCISE. .,

Required the Sun’s deridian eltitude on the follow-
ing days ; 10th Julgy 14th Aug. aid 29th ‘Sept. ?
What is the meri altityde of Sirius ? o -
Required the meridian altitude of -Capella, th8 lati-
tude of the place of observation being 56° N.
at is the’meridian altityde of Spica, in latffude
10§° 8.?

PROBLEM VII.

To find all those stars which have the same declina-
tion as any given siar, or to find all those stars which
have a given declination. .

Through the given star or given declination, de-
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scribe a circle from the gole as a ceatre, and it will pass
over the stars sought.

Thus, if we wish to find all those stars which have
the same declination as Capella in Auriga, a circle
described from the North l’ore through that star cuts
the stars required.

QUESTIONS FOR EXERCISE.
. Wghat stars have nearly the same declination as Si-
rius ?

_ It is required to find all those starsswhose declina-
tion is the same as that of the Sun on the following
days; 2Ist June, 2Ist December, 20th March, 23d
‘September, 1st February, and the 1st August.

- PROBLEM V{II.

To describe the circle of perpetual apparition of any
given place, or to find all t(g)se stars which never set at
that place.

From the Pole of that hemisphere, which is of the
same denomination as the Jatitude of the given place,
describe a circle through a declination equal to the
complement of that latitude; this circle will be the cir-
cle of perpetual apparition required, and will compre-
hfnd all t'l:ose stars which never set at the proposed

ace.
d Thus, suppose it were required to find all the stars
which neverset at Paris. Tke latitude of Paris being
48° 50' N. the deglination through which the circle of
pLerpe‘tual apparition must pass is41° 10’ N.

QUESTIONS FOR EXERCISE.

K is required to show on the maps;‘the stars which
never set at the followirfg places : Rome, lat. 41° 54'.
«N. ; St. Petersburg, lat. 56° 56'. N.; St. Salvador, lat.
12° 58'. S.; St. Helena, lat. 15° 55' 8.; and at the
North and South Poles.

PROBLEM IX.¢
To describe the circle of perpetual occultation of
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any given place, of to find all those stars which never
rise at that place.

From the Pole oféhat hemisphere which is of a con-
trary denomination to the latitude of the given place
describe a circle through a declination equal to the'
complement of that latitude : this circle will be the cir-
cle of perpetual occultation required, and will com-
prehend all those stars which never rise at the pro-
posed place.

Thus the circle of pergetual occultation of Paris, or
that circle which comprehends all those stars which
never ascend above the horizon of that place, must
pass through the declination of 41° 10'. S.

QUESTIONS FOR EXERCISE.

It is required to show on the maps the stars which
never rise at the following places : viz., Aleppo, lat.
85° 40'. N.; Quebec, 46° 47. N.; Staten Land,
54° 50. S.; Natal, Iat. 29° S.

How are those places situated to which the arctic
circle becomes the circle of perpetual occultation ?

PROBLEM X.

To find those stars which pass through the zenith of
any gwen place. .

fram the pole of that hemisphere, which is of the
same denomination with the latitude of the given
place, describe a circle passing through & declination
equal to that latitude® this circle will cat all those
stars which come to the zenith of the proposed
place. ° o *
Thus, a circle described from the Northe Pole,
thgough the declination of 514°, will pass through all
those stars wiitch come to the zenith of Londom

QUESTIONS ¥OR EXERCISE. .

What stars become vertical once in every natural
day to the following places : Douglas, lat. 54° 5' N.;
Granada, lat. 31" &' N.; Gozi, lat. 34° 50’ N.;
Sable Cape, lat."43° 30'; Easter Island, 27°6' S.;
Papudo, lat. 82° 86' S. ?
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PROBLEM XI.

To find what stars are on themeridian, or directly
north and somth at any given time.

Having found by problems i. and iii. the Sun’s
place and right ascension for the given day, in the
map of the northern or southern hemisphere, accord-
ing as his declination is north or south of the equinoc-
tial, consider whether the given time be before or after
noon; if the former, move the silk string backwards
so many hours, &c. as the proposed time wants of noon,
but if the latter, advance it forward so many hours as
the time given is past noon, then, letting the string re-
‘main in this pdsition, obscrve what degree of right as-
cension is now cut by it, and extend the silk string
from the centre of the other plafisphere over the cor-
responding degree on its circumference. The strings
thus disposed form a complete meridian on the two
maps, extending from the north to the south pole, and
passing over the stars which are on the meridian at
the given time. We have, however, already seen that
those stars which are withiii the circle of perpetual
occultation can never be visible in our latitudes,
while, on the contrary, those comprehended by the
circle of perpetual appayition never set ; to complete
this problem, therefore, the string on the map ot the
northern hemisphere, must be imagined to extend
through the pole to the opposite point of the circle of
perpetual apparition, while thé string on the map of
the southerri hemisphere may be supposed to termi-
nate when it touches the circle of perpetual occulta-
tion. ¢

Thus, on the 1st of November, at 8 o'clock in the
everitag, the meridian from north to south is occupied
by Ursa Major, the tail ‘Draco, the head of Camelo-
pardalis, Cepheus, the fore legs and head of Pegasus,
Aquarius, and Piscis Australis.

* This problem has been already introduced in Lecture XIX.
p. 369.
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[}
QUESTIONS FOR EXERCISE.

What star of thé 1st magnitude culminates at 9
o'clock in the evening on the 10th of January ? )

What constellations and principal stars are in the
meridian on the first day of every month respectively
throughout the year, at 10 o’clock in the evening ?

The longitude and latitude of the stars may be
found very near the truth, by referring to the poles of
the ecliptic, instead of thote of the equinoctial.

In the same manner, also, the place of the planets
(their longitude and latitude being taken from White’s
Ephemeris) may be marked upon the maps, and the*
place of any planet being ascertained, its right ascen-
sion and declination, time of culminating, &c. may
be found by the problems already given Yor the fixed
stars,

The following problems ‘are adapted to the move-
able planisphere of the stars visible in the latitude of

London. * “ e

® It may be proper to observe, that this planisphere formed no
part of the illustrations originally intended to accompény this work,
and has only been introduced since the Lectures, together with the
Questiongand Exercises upon them, were printed off. The Author’s
chief design in making this important addition to the Astronomi-
con was to facilitate the progress of the Student in acquiring a
thorough knowledge of the (gponstellations, and of the principal
stars contained in each, by presenting him with a view of all the
Constellations that ever ascend above our horizon, upon such ascalg
as to be easily rocognized when refegred to the sphere of th8_hea~
vens ; an advantage, which, notwithstanding the great care thdt has
been employed in executins thg maps o_f the northern and southern
hemisphercs, their 'v‘v diminutive size, in a great measure, prevents
their possessing. )

This planisphere consists of two parts.  Upon one of which (pro- e
perly called the planisphere) the stars visible in the latitude of 514°
N. are laid down ; the same considerations, however, which induced
the omission of the Greek characters on the planispheres of the
northern and southern hemispheres, bave operated to prevent their
insertion in this. The other part denominated the horizon-card,
contains the horizon with the points, &c. of the compass marked
upon it, The graduated right line dividing the borizon into two
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.
PROBLEM XII.

To show at one view the time af'which any given star
visible in the latitude of London (not within the circle
of perpetual apparition) rises or sets, or at which any
star visible in that latitude culminates every day through-
out the year.

Bring the given star to the eastern edge of the ho-
rizon, and against each day respectively throughout
the year will stand the tinfg at which the star rises
on that day. Tke time of its culmirfating or setting
throughout the year may in like manner be found by

- bringing the star to the meridian, or to the western

verge of the horizon. . .

us, Procyon being brought ,to the castern edge
of the horizbn, the time of its rising on any day of the
year is found on the horizon-card against that day in
the calendar of months on the planisphere : if the
same star be brought to the meridian, the time of its
culminating, and if to the western side of the horizon,
the time of its setting gfﬂny day of the year may in

S|

like manner be had by Mispection.

< QUESTIONS FOR EXERCISE.
At what time does Regulus in Leo rise, culminate,
and set, respectively, on the first day of thetwelve
calendar months ?
9

equal from north to south is the meridian, and the curve line
crossing it is the east and west-azimuths. Round the edge of the
planisphere several concentric circles are drawn, Bn the innermost
of which the right ascension in degrees is marked ; the next con-
tain¥ the right ascension in time, exterior to which are the twelve
calendar months divided fato days, and marked accordingly.
« Round the edge of the horizonZcard are the hours, &c. : the rest
of the lines on this card need no explanation. In applying them
to the machine, the planisphere, or that part upon which the constel-
Iations are delineated, is to be first put on the centre, and then the
horizon-card, which last is to be secured by the silk strings to the
two brass pins fixed intd the frame cf the Astronomicon, so as to
rewain perfectly steady, while the planisphere is left to turn freely
pon the centre, which, in this case, becomes the pole of the Equator.
- 22
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Required to sh8w when the following stars rise,
culminate, and set, on the days annexed.

Spica in Virgo on® the st of April, 10th of May,
4th of June, and $1st of December ? .
Sirius on the 20th of March, 21st of June, 23d of

September, and 21st of December ?

PROBLEM XIII.

To represent by the planisphere the face of the hea-
vens_for any given hour of the night at any proposed
time of the yeaf.

Bring the day of the month on the planisphere to
correspond with the given hour on the horizon-card,e
and the planisphere will present a view of the constel-
lations corresponding with the state of the heavens at
the time proposed. *

Thus, on the 1st of November, at eight #clock in the
evening, the state of the heavens is nearly as follows :
Lacerta is in the zenith,*from which Ppoint to the
north the meridian is oecupied by Cepheus (between
the zenith and the pole of'the world), Camelopardalis,
and Ursa Major ; from the z#hith to the south, Pega-
sus, Aquarius, and Piscis, Australis, are on the meri-
dian; Gloria Frederici, Andromeda, Triangula, Musca,
Borealis, Taurus, and Eridanas, are on the east; and
on the west we find Cygnus, Lyra, Hercules, and
Ophinchus.

In the N.E. quarter of the hemisphere, we meet
with Gemini, Lynx, Camelopardalis, and ,Cassiopeia ;
between the zenith, the N. and N.E., and between tljc
zenith, the N.E. and E., are found Auriga, P&seus,
the Hyades, and the Pleiades.

The S.E. qearter contains Eridanus, part of Cgtus,
Aries, the northern of the zqdiacal Fishes, and part
of Andromeda between the zenith, the E. and S.E.
and the hind part of Cetus, Officipa Sculptoria, the morc
southerly of the zodiacal Fishes, Pegasus and the River
of Aquarius, are between the zenith, the S.E. and ghe S.

The S.W. quarte is occupied by Le Ballon, Micros-
copium, Sagittarius, Capricornus, Equuleus, and Del-
phinus, between the zenith, the S, and the S.W. And
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Vulpecula ct Anser, Sagitta, Aquila, Anfinius, Scu-
tum Sobieski, Taurus Poniatowzki. and Cygnus, be-
tween the zenith, the S.W. and °V.

In the N.W. quarter, we find Hercules, Corona
Borealis, and Draco, between the zenith, the W. and
and N\W. And Bootes, Canes Venatici, the hind
gart of Ursa Majol", she tail of Draco, and Ursa Minor,

stween the Zenith, the N.W. and N.

QUESTIONS FQR EXERCISE.

Required the state of the heavens at London on the
following days, and at the hours annexed.
, January 10th, at eight in the evening, July 31st, at
nine in the evening, November 6th, at three in the
morning, and December 31st, at five in the morning.

. PROBLEM XIV.

To find the time of the Sun’s rising and setting, and
consequently the length of uny particular day and night
at London. w

Bring the Sun’s place i the ecliptic for the given
day to the eastern side #f' the horizon, and the time
on the hour-circle on the hgrizon-card coinciding with
the day of the month on the planisphere will be the
time of the Sun's rising.; the time of his setting is
found in like manner, by bringing the Sun's place to
the western edge of the horizon.

Thie hour of sun-setting doubled gives the length
of the do{,,, and the hour of Bun-rising doubled gives
the length of the night.

* Thus, on the 21st of June, the Sun rises about a
quarter before four, and sets about a quar¥ér past eight,
—the day is 16, and the night 7§ hours long.

QUESTIONY FOR EXERCISE.

Required the length of the first day of each of the
calendar months. *

Reguired the length of the day on which the Sun
enters Aries.  ° .

At what time does the Sun rise and set, and what is
the length of the night on the 21st ecember?
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PROBLEM XV.
To find the beginning, end, and duration of twilight

at London, on an, (gﬁm ay.

Find the time of sunset (at which time the evening
twilight begins) as in the last problem, and continuing -
the motion of the l!:Ianiaphere, till the Sun’s place hav-
in'g passed through the part cut out of the western side
of the horizon-card comes under the edge marked
* EveNning Twirigut Exps,” take notice of the
time +fow answering to the given day: the interval
between the time of the Sun's setting and that last
found is the duration of evening twilight.

Otherwise, bring the Sun's place for the given day.
under that edge of the part cut out of the eastern side
of the horizon.card, marked ¢ MorNiNG TWILIGHT

" coMMENCES,” and noticing the time answering to the
given day, continue the motion of the plaisphere till
the Sun’s place comes in contact with the eastern
verge of the horizon: the inttrvening time is the dura-
tion of morning twilight. -

The time when evening-gwilight ends, subtracted
from 12, will show the beginning of morning twilight,
and the commencement of morning twilight, subtracted
from 12, will give the hour at which the evening twi-
light ends. ’Fhe morning or qvening twilight doubled
gives the entire twilight for the proposed day.

Thus, on the 25th of August, the Sun sets at seven

.o'clock, and the evening twilight ends about nine ; the
difference is two hours, Which is the duratign of even-
ing twilight, and consequently the whole twilight on
that day is foyr hours. ’

QUESTIONS FOR EXERCISE.

How long afte'*sunset does tgtal darkness commence
on the 18th of April?, -~ ]

What is the total duration of* twilight on the 4th of
November?

At what time does morning twilight begin on the
10th of January, and what:is the entire twilight for
that day ? '



482 APPENDIX.

At what time does total darkness commence, and
how loug doks it last on the 7th of August ?

Show that from the 1st of June to the 18th of July,
there can be no absolute night.

PROBLEM XVI.

To find the rising and setting amplitude of any star,
il:,o“{;ue ascénsion and dcscfnsiaﬁ and {t.s dinrnal
and nocturnal arcs.

Britig the star to the eastern edge of the horizon,
then the number of d ¢ intercepted between the
star and the eastern point of the horizon will be its
rising amplitude; and the degree of the equinoctial cut
"by the horizon will be the oﬁlique ascension : also ob-
serve what time in the circlé of hours corresponds
with the place of the star in the horizon, this time
being dou lg‘&l, gives the lengthuef the nocturnal arc,
or the-time which the star remains below the horizon.

~Turn the planisphere till the given star comes to the

western edge of the horizgn, the setting amplitude
will be the number of degrees between the star and
the western point of th& %orizon, the oblique de-
scensigh wilk se shgwn by that degree of the equinoc-
tial which is intersected by the borizon, and doubling
the time cfiresponding with the point of the horizon
at which the star sets will give the length of the diur-
nal arc. N N

Thus, the rising amplitude of Bellatriz is 10 de-
grees frogh the east towards the north, and the setting
amplitude 48 10 degrees from the west towards the
vorth, The obligde ascension ig about 70 degrees,
and obligiie descension”85 degtees. -The nocturnal
arcis 11, m‘the diurnal arc 13 hours.

QUESTIONS FOR sxnnc;sz. ,

What" the rising and setting gmplitude of Sirius,
its t;blique ascension, oblique descensjon, and.diurnal
arc : *

How long is Fonfalhght above our horizon, and
what is its nising and-setting amplitude? - .-
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PROBLEM.XVI I. ‘

To find the Sun's right ascension, rising and setting
amplitude, obliqgue %scension, oblique descension, and
ascensional dj] ce, or the time he rises before or,
afler siz, on any givm day at London.

Brinf the Sun’s place to the meridian, and that de-
gree of the equinoctial which is cut by the meridian
1s his'right ascension. *

His rising and setting amplitude, oblique ascension,
and oblique descension, #re found like those of a fixed
star in the lntxroblem. .

From his right ascension subtract his oblique ascen-
sion, the remainder is the ascensional difference. Turn
this into time *, then if the Sun’s declination be north,
the Sun rises before, and sets after six, by a space of
time equal to the asggnsional difference #but if his de,
clination be south, he rises after, and sets before six,
by an equal space of time. : .

Thus, on the 1st of Ma$, the Sun’s right ascension
is 384, and his oblique ascension 184 degrees. The
ascensional difference, therefore, is 20 degrees, which,
converted into time, is 1 hour and 20 minutes; and as
the Sun is in a northern sign, he Yises 20 minutes be-
fore 5, and sets 20 minutes after 7 on thet day. His
rising amplitude is- 25 degrees north of the east, and
his sesting amplitude 25 degrees north of the west.

QUESTIONS FOR EXERCISE. g i

Required the Sun's .right ascension, mising ampli-
tude, oblique ascension, setting anfplitude, and oblique
descension, on the 20th of March, and the 23d of Sep-
tember: what is the ascensional difference, and at
what time does he rise and set ? ¥ e

What are th® Sun's righteascension, rising ampli-
tude, oblique ascension, sefting amplitude, olffique de
scension, what thwemi difference, and at what

“ w . ‘

* This is most readily done ult] 4, in which case,
minutes of longitude 'mdm%-,plﬂg:e’gn'u of longitude
produce minytes of time. :
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time does he rise and set on the 21st of June, and the
21st of December ?

PROBLEM XVIIT,

To find the time of the year at whick any star will
rise or set cosmically * ; that is, when il rises or sets at
sunrise, in the latitude of London.

Bring the given star to the eastern edge of the horizon,
and observe what sign and degree of the ecliptic are in-
tersected by the horizon; the day of the month answer-
ing to that sign and ‘degree ‘will be that in which the
proposed star rises with the Sun. Turn #e ':Inuispherc
till the star comes to the western edge of the horizon.
and observe what degree of the ecliptic is then rising
above the eastern verge of the horizon ; the day of
the month which ocincides with it is that on which
the given star sets when the Sun rises.

us, Protyon riseg cosmically on the 29th of July,
and sets cosmically‘on’the 21st of December.

%
QUESTIONS ¥OR EXERCISE.

When does Aldebaran rise and set cosmically ?

Wherr do the Pleiades rise with the, Sua,-<and when
do they set at sunrising® .

At what time of the year does Sirius rise and set
cosmically ? o ”

PROBLEM XIX.

To find the time of the' ar gohen any star rises or
sels Geronycally, that is; when it rises or sets at the time
of sunsetting at London. . o

Brifig the star to the castern edge of the horizon,
and observe what degree of the ecliptic is intersected
by the westérn edge; the day of the menth answering
to that degree is-the day on whiclf the given star
rises at suhiset, and consequent;iy when it beging to
be visible in thewvening. To Hing on-what day the
star sets acronycally, bring the said star to the wes-
tern edge of the horizon’; then the day of the month

® gee Lecture VIL pl11%.
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answering to the~degree ofethe ccliptic which sets
with it is that on which the given star sets with the
Sun, and consequelitly ceases to appear in the even-

ing. .
gl‘hus, the Pleiades rise acronycally on the 5th of
November, and set acronycally on the 28d of May.

QUESTIONS FOR EXERCISE.

When does Ras Alhague in Ophiuchus, rise and set
acronycally ?

During whet® months of the year are the following
stars visible in the evenfhg: Deneb Algedi in Ca-
pricornus, Denebola in Leo, and-Betelgeuz in Orion ?

L]
PROBLEM X%

To find when any given star vises or s®s heliacally,
that is',ﬁwhm a nar'yhaving becn gmmersedPin the Slmzs
beams emerges out of them, ayd:becomes visible at the
eastern edge of the horizon® jusfbefore sun-rising, or
when it is so near the Sun’s vl at the time of its sct-
ting as to appear for the last tithe in the evening, before
it is altogemher lost. ’ ’ .

It hasbeen obsgrved *, that ¢ stars of the first mag-
nitude may be seen rising and setting when the Sun
is 12° below the horizen ; stags of the secend magni-
tude, when the depression of the Sun is 13°, and so on,
one additional degree of depression of the Sun being

required for eﬁg{y do?eue of magnitude in the

stars.” * o w .
In order, therefose, that the heliacal risidg and set-
ting of the”stari.in the latitude of London mey be
readily determined by this planisphere, ortion!ex»
tending from’ 32 to 18 degrees beyond Ahe horizon
have’ biden cut ewit of the horizon-card, and cofise~
quently leaving a%pes which Become ‘the boundaries
of these. spaces. &opgrfom this probibm, therefore, ®
bring the given stato the eastern verge. of the horis,
zon, and if the star be Bf thehlst magnityde, the de-
gree of the ecliptie intersegt:de:by thattedge of the

- y )
See Lecture VII. pf1180
z
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card which ‘forms the boundary of the open space
nearest the horizon being referred to the calendar of
months will show the day of the fronth when the star
rises heliacally.. If the star be of the 2d magnitude, take
the point of the ecliptic one degree distant from this
edge, or 13 degrees from the e?ge of the horizon ; if
the star be of the 3d magnitude, take a point of the
ediiptic two degrees distant from this edge, or 14 de-
grees from the edge of the horizon, and so on, accqrd-
ing to the magnitude of the star, then the day answer-
ing to that ee of the ecliptic will be the day
sou‘ght, or thatson which the given star rises helia-
.cally. &Bringing the star .0 the western verge of the
horizon, and perforfing a similar operation, will give
the day on which it sets heliacally.
Thus, Progyon rises heliacally on the“15th of Au-
gust, and sets heliacally on the 25th of May.

QUESTIONS £OR JFXERCISE.

At what time of the year ddes Arcturus rise helia-
cally at Londen, and on what day does it set heliacally
at the same place ? ) )

On what days do the following stars rise and set
heli :o Siriusy Deneb Algedi in Capricornus, and

Menkarin Cetus. . ~
:;}‘_, ' '
e END. .
* 1
Lowpos: *
K. Spottiswoode,
muﬂa’.&m .


















