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PREFACE

oF

THE EDITOR.

IN presenting to the Public a new and enlarged edi-
tion of E:erguson’s Astronomy, the Editor has been
particularly solicitous to collect all the discovéries in
the science which have been made during the last
thirty years, and to present them in a simple and un-
assuming form suited to the popular nature of the
original work. These discoveries, which are contain-
td in Twelve supplementary Chapters, relate chiefly
to'the physical constitution of the Old and New
Planets of the Solar System, and to the various and
%onderful phenomena which are displayed in the re-
gion of the Fixed Stars.

‘In accomplishing this task, the Editor can claim no

other merit but that of baving brouéht together a
a2
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number of 'o':urious facts, which had not hitherto been
collected, and many of which have never appeared in
any English work. In this new edition, various addi-
tions and improvements have been made, and an addi-
tional Chapte; has been added on Practical Astro-

nomy.

Edinburgh, February 1, 1821.



ASTRONOMY -

EXPLAINED UPGN

SIR ISAAC NEWTON'S PRINCIPLES.

CHAP. XXII.

A DESCRIPTION OF THE ASTRONOMICAL MACHINERY, SERVING
TO EXPLAIN AND ILLUSTRATE THE FOREGOING PART OF
THIS TREATISE.

- L)

379. Tur Oxrexy. This machine shews the mo- g, 1.

tions of the Sun, Mercury, Venus, Earth, and Frontispisce

Moon ; and occasionally the superior planets, Mars, T0® O%=7-

Jupiter, and Saturn, may be put on; Jupiter’s four satellites

arc moved round him in their proper times by & stall winch;

and Saturn has his five satellites, and the riag which keeps his
parallelism round the Sun ; and by a lamp put in the Sun’s place,
the ring shews all the phases described in the 2Q4dth article.

In the centre, No. 1, represents the Sun, sup- 1 o,
ported by its axis inclining almost 8 degrees from

the axis of the ecliptic; and turning Tound in 25§ days on its

axis, of which the north pole inclines towards the Sth degree

of Pisces in {he gremt ecliptic (No. 11), whereott,qy, i,

the inonths and days are engraven over the signs

and degrees in which the Sun appears, as acen from the Earth,

on the different days of the year.

The nearest planet (No. 2) to the sun is Mer-

cury, \yhich goes round himi in 87 days 28 hours, :

or 8733 diurnal rotations of the Earth; bwt has no motion

round its axis in the machine, beowuse the time of its diurnsl
motion it the heavens is not known to us.
VOL. It. B
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The next planet in order is Venus (No. 8), whic
perfigrn her annual course in 224 days 17 hours
and turns round her exis m 24 days 8 hours, or in 24} diur.
nal rotations of Wy Earth. Hor axis inclines 75 degrees fron
the axis of the ecliptio, and her north pole inclines towards the
R0th degree of Aquarius, according to the observations of Bian-
chini. She shews all the phenomena described from the 30th
to the #4th article of Chap. 1.

The Eartp, VXt Without the orbit of Venus is the Emth
(No. 4), which turns round its axis, to any fined
point at a great distance, iu 23 hours 56 minutes 4 econd-
of mean solar time (§ 221, ef se9.), but from the Sun to th
Bun again in 24 hours of the same time. No. 6 is a sydereal
dial-plate under the Earth ; and No. 7 a solar dul-plate.on the
caver of the machine. The index of the former <hews syde-
rel,’ and of the latter sular time; and hence the former indos
galior ome entire revolution on the latter every year, as 365 <ola
or natural days contain 866 syderesl days, or apparent revolu-
tions of the stars. In the time that the Larth makes 3635
" diusmal rotations on its axis, it goes once round the Sun m the
plane of the ecliptic, and always keeps opposite to a moving
index (No. 10), which shews the Sun’s appurent daly change
of place, and also the days of the months.
™ The Earth is half covered with a black cap, fo.
demongtrate Qividing the apparently: enlightened half next the
the chatgipof Sun from the other half, which, when turned away
"% from him, is in the.dark. The edge of the cap rc-
ts the grcle bounding hight and darkness, and shows
ut dhat time the Sun riscs and sets to all places throughout
the year. The Earth’s axis inolines 28} degrees from the axis
of the ecliptic, the nerth pole inclines towards the beginuing of
Cancer, and keeps its parallelism throughout its annual cour«c
(§ 48, 202); so that in summer the northern'parts of the
Earth ingline towards the Sun, and in winter from him: by
which“means the different lengths of days and nights, and thr
oase of the various sessons, are demonstrated to sight.
ssdduvahe There is 4 broad horizon, to the upper si'e of
of ywhich is fized & meridian semicirale in the north
selgh, e d south points, graduated on both sides fiom the
&e. herizon to 90° in the zenith, or vertical point. The
edge of the horizqn is graduated from the east and west to the

Vevut.
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south and north points, and within these divisions are the
points of the compass.  From the lower dide of this thin hori-
_zon-plate stand out four small wires, to which is fixed a twi-
light circle 18 degrees from the graduated side of the horizon
all round. This horizon may be put upon thé Earth (when
the cap is taken away), and rectified to the latitude of any
place: and then, by a small wire called the solar ray, which
may be put on so as to proceed directly from the Sun’s centre
towards the Earth’s, but to come no farther than almost to
touch the horizon, the beginning of twilight, time of sun-
rising, with his amplitude, meridian altitude, time of setting,
amphitude then, and end of twilight, are shewn for every day
of the year at that place to which the horizon is rectified.
The Moon (No. 5) goes .round the Earth fromt .1y rfoon.
between it and any fixed point at & great distance,
in 27 days 7 hours 48 minutes, or through all the signs and
degrees of ber orbit, which is called Aer periodical revolution ;
hut she goes round from the Sun to the Sun again, or from
“vhange to change, in 29 days 12 hours 45 minutes, which is
her synodical revolution ; and in that time she exhibits all the
phases alrcady described, § 255.
When the above-mentioned horirzon is rectified to The
the latitude of any given place, the times of the. e
Moon's rising and setting, together with her smpli- ing and set-
tude, are shewn to that place, as well as the Sun’s; 8> &
and all the various phcnomena of the harvest Moon (§ 273, o
s¢q.), are made obvious to sxght
The Moon’s orbit (No. 9) is inclined to the €0 o ber laf.
liptic (No. 11), one-half bemg above, and the ather swde and dis~
below it.  The nodes, or points at 0 and 0, lie in !;'"‘B”ndf':;
. the plune of the ecliptic, as deseribed § 317, 818,
and shift backward* through all its sighs and degrees in 18§
years. 'The degrees of the Moon's latitude, to sthe highest at
N E, north latitude, and lowest at § &L, south latitude, ave
engraven both ways from her nodes at O and 05 and, as the
Moun rises and falls in her orbit acording te its inelination,
her‘autude and distance from her nodes are shewn for every
day ;\ having first rectified her orbit, a0 as to set the nodes to
fiieir Proper places in the echpnc, aod then, as they cotne ahout
at different, and althost opposite times of the year (§ 319),
and point twice towards the Sun, all the eclipses way Ee shoyp
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for hundreds of years (without'any new rectification), by turn-
ing the machinery backward for time past, or forwad for
tine to come. At 17 degrees disthnee from each node, on
hoth sides, is engraved a small sun, and at 12 degrees dis-
and conse.  tasice & small moon, which shes the s of solar
l“f"‘"’ e and [unar eclipres (§ 317): and when, at any change,
the hmund the Moon fulls between cither of those suns and
Moon, the node, the Sun will besechpred on the day pomnt-
ed to by the annual index (No. 10), and, as the Mo b,
then north ot south latitude, one may eastly judge whetha
that eclipse will be visible in the northern or wouthetn Lomi-
sphere, especially as the Earth’s avis inclines toward- the san,
or from him at that i, And when, at any 1a]l, the Moo
falls between either of the Itthe moons and vade, Lo will he
eclipsed, aud the amnual index shews the day of that edhipe
There is a arcle of =9} cqual parts (No 8), on the cover ol
the machine, on which an ind.x shews the days of the Moo’
age. . .
The A semi-ellipis and seniwircle are fived to an
shews the  elliptical ring, which being put ke g cap upon
Piate 1X.  the Farth, and the forked part # upon the Moon,

Fig 105 ghews the tides as the Earth turnc round wiva
them, and they are led round it by the Moon.  When the dhi-
ferent places come to the semi-ellipsis da Eb B, they have
tides of flood; and when they come to the semicirele C L D,
they bdve tides of ¢bb (§ 304, 305); the indcx on the hour-
circle (No. 7) shewing the tines of these phenomena.
nd slso the There is a jointed wire, of which oue end heing
direct and re- put into a hole in the upnnht stem that holds thv
m::_‘ Fardi’s cap, and the wire laid into 2 small forhed
nue and Mer- piece which may be occasionally put upou Venus or
oy Mercury, shews the direct and retrograde wotions
of these two plancts, with their statipnary times and place:, as
wcen from the Earth.

The whole machmory is turned by a winch or handlc
(No.12), and is so easily moved, that a clock mlght turn it
without any danger of stopping. /

To give a plate of the whecl-work of this machine pould

% no purpose, because many of the wheels lie so Nehinu
as to hide them from nght in any view whatsoever.
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898." AxoraEr OrRERY.~In this machine, which AngiherOs.
is the simplest I ever saw,’ for shewing the diurnal rey, for
. . shewing the
and annual motipns of the Farth, together with the motions of
motion of the Moon and her nodes, 4 and B are mﬁ:::
two oblong square plates held together by four up- piae VI
right pillars, of vhich three uppear at f, g, and ¥ig- 1
& 2. Under the plate 4 is an endless serew on the axis of the
haddic &y, which woths in a wheel fined on the same axis with
the donuble-moovad wheel F: and on the top of this axis is
fiscd the teothed wheel # which turns found the pinion &, on
the top of whowe anis is the pinion A 2, which turns® another
prmucn & 20 and this turns a third, on the®axis « 2, on which
s the kanth U7 turning round 5 this Jast axis inclimng 231 de-
grees. The supporter V2, in which the axis of the Earth
turns, is fastened to the moveable plate C.

In the immoveable plate B, bevond H, is fixed the strong
wire d, on which hangs the Sun 7', <o that it may turn round
the wire.  To tlus Sun is fixed the wire or wolar ray Z, which

Jas the Larth I turns round its anic), points to all the places that
the Sun pages vertieally over, every day of the year. The
'mthas h.h{('(“t‘hd with a black cap @, as in the former or-
tery, for dividing the day from the night; and as the different
places come out trom below the edge of the cap, or go in below
it th v <hew the times of sun-rising and sctting every day of
the year. This cap is fixed on the wire b, which has a forked
preee (" turning round the wire d:.and, as the Earth goes
round the Sun, it cairies the cap, wire, and solar ray round
it 3 <o that the solar ray constantly points towards the Earth's

centre,

On the axis of the pinion % is the mum\ m, which turns a
_whed on the coch or supporter n, and on the axis of this wheel
" nearest n s a pinion (hid from view), under the plate C, which
pimon turns a wheel that carries the Moon ¥ round the Earth
{7 ; Ahe Moon™s axis rising and falling in the socket 17, which

_ iy fived to the triangular piece above Z ; and this piece is fixed
“ to the top of the axis of the Jast-mentioned wheel.  The socket
11" slit on the outermost side ; and in this slit the two pins
near Y, fixed in the Moon’s axis, move up and down ; ofte of
= tkem Neing above the inclined plane ¥ X, and the other below
it. By this mgchmmm, the Moon ¥ moves round the Earth T'

 the inclined orbit g, pacalle] to the plane of the ring ¥ X;
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of which the descending node is at .Y, and the ascending node
opposite to it, but hid by the supportér X 2.

The small wheel E turns the large wheels Dand F, of equal
diameters, by cat-gut strings crossing between them : and the
axes of these two wheels are cranked at G and H, above the
plate B. The upright stems of these cranks going through the
plate C, carry it over and over the fixed plate B, with a motion
which carries the Earth {" round the Sun 7', keeping the
Earth's axis always parallel to jtsclf, or still inclining towards
the left hand of the plate; and shewing the vicissitudes of wea.
sons, as described in the tenth chapter. As the Farth goes
round the Sun, the pinion & goes round the wheel i; for the
axis of & never touches the fixed plate B, but turns on a wire
fixed into the plate C.

On the top of the crank G is an index L, which goes round
the circle m 2 in the time that the Earth goes round the Sum,
and points to the days of the months ; which, together with the
names of the scasons, are marked in this circle.

This index has a small grooved wheel L fixed upon it, round
which, and the plate Z, goes a cat-gut string crossing between
them ; and by this means the Moon's inclined plarie 1Y, with
its nodes, is turned backward, for shewing the times and returns
of eclipses, § 819, 320.

The following parts of this machine must be considered a»
distinct from those already described

Towards the right hand let § be the Earth hung on the wire
¢, which is fixed into the plate B ; and let O be the Moon fiscd
on the axis M, and turning round within the cap P, in which,
and in the plate C, the crooked wire Q is fixed. On the axis
M is also fixed the i K, which goes round a circlg 4 2,
divided, into 29} equal which are the days of the Moon™s'’
age: but, to avoid confusion in the'scheme, it is only marked
with the numeral figures 12 3 4,.for the quarters. As the
crank #H carries this moon rotind the Earth § in the orbit ¢,
shre shews all huﬂmsenbymeansofthe cap P for the different
days of her agé, which are shewn by the index K; this index,
turning just es the moon O does, demonstrates her turning
round her axis, as she still keeps the stme sidé® towards the
Earth S, § 262. g

At the other end of the plate C, & moon N gous round an
Earth R in the orbit p. But this moon’s axis is stuck fast into
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the plate C at §' 2, so that neither moon ‘nor axis can turn
round ; and, as this moen goes round her Earth, she shews
herself all round to it; which proves, that if the Moon was

. seen all round from the Earth in a‘lunation, she could not turn
round her axis.

N. B. If there were only the two wheels D and F, with a
cat-gut string over them, but not crossing between them, the
axis of the Karth {7 would keep its pagallelism round the Sun
1', and <hew all the seasons, as I sometimes make these ma-
chnes : and the moon O would go round the earth &, shewing
her phases as above; as likewise would the moon N round the
carth R ; but then, neither could the diurnal motion of the
carth [7 on its axis be shewn, nor the motion of the moon ¥
round the Earth. .

899. In the year 1746, I contrived a very simple The Caleu-
machine, and described its performance in a small lator-
treatise upon the phenomena of the harvest Moon, published in
the year 1747. I improved it soon after, by adding another
wheel, and called it The Calcvdator. It may be easily made by
"INy pereo lho has a mechanical genius.

The grodt flat ring supported by twelve pillars, piate VI
and on which the twelve signs, with their respective  ¥ig- 1-
degrees, are laid down, is the ccliptic ; pearly in the centre of
it 15 the Sun §, supported by the strong crooked wire 7 ; and
from the Sun procceds a wire W, called the Solar Ray, point-
ing towards the centre of the Earth E, which is furnished with
a moveable horizon fZ, together with a brazen meridian, and
quudrant of altitude. R is a small ecliptic, whose plane coin,
aides with that of the great one, and has the like signs and de-
grees marhed upon it. It is supported by two wires D and Dy
which are put into the plate P P, but¥nay be taken off at plea-

» sure. As the Earth goes round the Sun, the signs of this small
circle heep parallel, to themsclves, and to those of the great
cclipic. 'When it is taken off, and the salar vay W drawa far-
ther out, so as almast to touch the horizon H, or the quadrant

» of altitude, the harizon being rectified 10 any given ., .
latijude, and the Earth turned rouud its axis by tor shews the
hany, the point of the wire 17 shews the Sun's de- Jun' =it-
clinatjon in.passing over the graduatcd brass meri~ muth, emp-

dian, ‘and his height at any given time upon the :g‘;:;‘n‘“:
quadra.nt of sltitugle, tpgether with His azimuth, or )
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point of bearing upon the horizon at that time ; and likewise
his amplitude, and time of rising and setting by the hour in-
dex, for any day of the year that the annual index { points to
in the circle of months below the Sun. Af is a solar index, or
pointer, supported by the wire L which is fixed into the knsb
K : the use of this index is to shew the Sun’s place in the
eeliptic every day in the year ; for it goesover the signs and de-
grees as the index {" goss over the months and days ; or rather,
as they pass under the index U7, in moving the cover plate with
the Earth and its furniture round the Sun; for the index " is
fixed tight on the immioveable axis in the centre of the machine,
K is a knob or handle for moving the Earth ronnd the Sum,
and the Moon round the Earth.
and also the  As the Earth is carried round the Sun, its asis
aond constautly heeps the same oblique direction, or is
parallel to itself, § 48, 202, shewing thereby the diffcrent
lengths of days and nights at different times of the year, with
all the various seasons, And, in one annual revolution of the
Earth, the moon M goes 12} times round it fromn change to
It shews the Change, having an occasional provision. for shewing
Moan’s her different phases. The lower end o1 the Mooun's
axis bears by a small frictioh wheel upon the inclin.
ed plane 7', which causes the Moon to rise above, and sink be-
low the eeliptic B in every lunation; crossing it in her nodes,
which ahift backward through all the signs and degrees of the
said ecliptic, by the retrograde motion of the inclined plane 7',
18 years and 225 days.  On this plane, the degrces and parts
of the Maon's north and south latitude are laid down from both
the nodes, one of which, viz. the descending node, appears at
0, by D N above B; the other node being hid from sight on
ani the eclip. this plane by the plate P P; and from both nodes,
ses of the Bun at proper distances, as in the other orrery, the limits
W4 Mot of eclipees are marked, and all the solar and lunar
eclipses are sheWn in the same manner, for any given vear
within he limits of 6000, either before or after the Christian
em.  On the plato that covers the wheel-work, under the Sun
&, and round the knob X, are astronomical tables, by which the
maching msy be rectified to the beginning of any given year
within these limits, in three or four minutes of time ; and when
once Wt right, maybetmedhukwmlfotao()yemm or
forward for as many to come, withous yequiring any new reoti.
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fication. There is a method for its adding up the 29th of Fe-
bruary cvery fourth year, and allowing only 28 days to that
month for evety other three : but all this being performed py a
*particrlar manner of cutting the teeth of the wheels, and di-
villin : the month circle, too long and intricate to be deseribed
here, I shall only shew how these motions may be performed
near cnough for common use, by wheels with grooves and cat-
gut strings round them 5 only here I must put the operator in
mind, that the grooves are to be made sharp (not round) bot-
tomed, to keep the strings from slipping.

The Moon™s axis moves up and down in the socket N fixed
into the bar O (which carmes her round the Karth), as she
rises above, or ~inks helow the ecliptic : and immediately below
the inclined plane 7', ir a flat circular plate (between ¥ and
7'), on which the different eccentricities of’ the Moon® orbit are
laid down : and likewise her mean anomaly and elliptic equa-
tion, by which her true place may be very nearly found at any
time.s Below this apogee plate, which shews the anomaly, &e.
is g circle ¥ dnided into 29} equal parts, which are the days of
the BW‘; and the forked end A of the In- Plae VIII
dex A 1. 2), mdy be put into the* apogee " yyg 9.
part of this plate ; there being just such another in- The Caleuls-
dex put into the inclined plave 7" at the ascending ::;.;T:Wu;'ﬂ‘::
node; and then the curved points B of these in. Moon’s apo-
dexes shew the dircet motion of the apogee, and re- 5odes, her
trograde motion of the nodes through the ecliptic R, place in 2“
with their places in it at any given time. As the eclipde, &e.
10oon M goes round the Karth E, she chews her place every
day in the ecliptic R, and the lower end of her axis shews her
latitude and distance from her node o the inclined plane 7,
also her distance from her apogee and perigee, together with
her mean anomaly, the then eccentricity of her orbit, and her
clliptic equation, al} on tlie apogee plate, and the day of her
age ip the circle ¥ of 20} equal parts, for every day of the
year pointed out by the annual index U in the circe of
Thontha

Having rectified the machine by the tables for the _, =~
beginSng of any year, move the Earth and” Moon dination, al-

by the knob X, until the annual index m ;ﬁ-

comes to any given' day of the month ; then stap,
and not only all the above phenomens may.be shewn for that
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day., bnt aly, hy turning the Earth round its axis, the de-
clination, azimuth, amplitude, altitude of the Moon at any
hou.r, and the times of her rising and setting, are shewn by the
horizon, quadrant of altitude, and hourdndex.  And in mon ing
the Earth round the Sum, the days of all the new and fall
moons, and eglipses in any given year, are shewn.  The phe-
namnena of the harvest Moon, and those of the tides, by such a
cap as that in Plate IX, Fig. 10, put upon the Earth and
Moon, together with the solution of many problems not hete
related, aie made conspicuous.

Methodof ©  The easient, though not the best way, that I can
mm instruct any mechanical person to make the whedd-
tor. worh of such a machine, is as follows: which s the
avay that I made it, before T thought of numbers exact enough -
to make it worth the trouble of cutting teeth in the wheels.
Pheeviil.  Fig 8d of Plate VIIL is a section of this ma-

Fig. 3 cline; in which A BC D s aflame of wood hdld
2ogether by four pillars at the corners, whoreof two appear at
AC and BD. In the lower plate €D of this frame, arc thiee
small friction wheels, at equal distances from egch othg, ; fwo
of them appearingat ¢ and e.  As the frame is “ayned round,
these wheels run upon the fixed bottom plate E E, which sup-
ports the whole work. .

In the centie of this last-mentioned plate, 18 fined the upright
axis' G F Ef; and on the sane axis is fined the wheel H H I,
ta which afe four grooves, £, X, k, L, of different diameters
In these grooves are cat-cut strings gong .also round the sepa-
rate wheels M, Y, O, and .

The wheel M is fixed on a solid spindle or axis, the lower
pivot of which turns at R in the under plate of the moveable
frame A BC D; and on the upper end of this axis is fined -the
plate 00 (which i» I P, under the Earth, in Fig. 1), and to
this plate is fixed, at an angle of 23} degrees inclination, the

. dial plate below the Larth T'; on the axis of which, the indey
v is wirved round by the Earth. This axis, together with the
wheel A, and plate 00, keep their parallelism in going roun<d
the Sun . .

* On the axis of the wheel. 3 is a moveable socket, onswhich
the small wheel V is fixed, and on the upper end of thjs socket,
s pot an tight (but so a> it may be octasionally turned 'by
&md), the bar Z Z, (viz. the bar O in Fig. 1), which casrics
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the Moon m round the Farth 7', by the socket #, fixed into
the bar. As the Moon goes round the Earth, her axis rises
and falls in she socket n; because, on the lower end of her axxs,
which is turned inward, there is a small friction wheel & runnmg
onvthe inclined plane X (whub is T'in fig. 1), and so causes
the Moon ulternately to rise above and sink below the little
ccliptic V¥ (R in Fig 1), in every lunation.

On the socket or hollow axis of the wheel N, thcre is another
<ochet, on which the wheel O is fixed ; and the Moon®s inclined
plane X is put tightly on the upper end of this socket, not on
asquare, but on asound, that it may be occasionally set by
hand without wrenching the wheel or axle.

Lastly, on the hollow axis of the wheel O is another socket,
on which is fixed the whed P, and on the upper end of this
sochet 1y put on tightly the apogee plate ¥ (that !mmcdlawl_y
below 7"in Fig. 1).  All these axles turn in the upper plate
of the movcablc frame at Q; which plate is covered with the
thin plate ¢ (serewed 1o it), whereon are the fore-mentioned

tables and month circle in Fig. 1.

“Plivngiddl part of the thuk fixed wheel H H H, is much
broader t he rest of it, and comes out between the wheels
M and O almost to the wheel N. To adjust the diameters of
the grooves of this fixed wheel to the grooves of the separate
wheels M, N, O, and P, so that they may perform their mo-
tions in the proper times, the following method must be observed.

"The groove of the wheel M, which keeps the A e
allelism of the Earth's axis, must be?nsely of the "‘J“'ﬂﬂs the

* same diameter as the lower: groove I of the fixed d'mm of
wheel /I H H ; but, when this groove is so well ad ™
Jjusted as to shew, that in ever so many annual revolutions of
the Earth, its axis keeps its parallelism, as may be observed by
the solar ray W (Fig. 1) always coming precisely to the same
degree of the small ecliptic R at the end of every annual revo-
lution, when the index M points to the like degree in the great
cdlpnc, then, with the edge of a thin file, give the groove of
“the wheel M a small rub all round, and, by that means lessen-
ing the diameter of the groove, perhaps about the 20th part of
a hajry breadth, it will cause the Earth to show the precession

—althe equinoxes; which, in many annual revolutions, will be-
gin to be sensible, as the Earth’s axis deviates slowly from its
parallelism, § 246, towards the antecedent signs of the ecliptic.
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The diamicter of the groove of the wheel N, which carries
the Moon round the Earth, must be to the diumeter of the
groove .Y, as a lunation is to a year; that is, as 9} to 8651.

The diameter of the groove of the wheel O, *which turns the
inclined plane .Y with the Moon's nodes bachward, must® he
to the diameter of the groove X, as 20 to 18§§§.  And,

Lastly, the diameter of the groove of the wheel 2, which
carries the Moaon’s apogee forward, must be to the diameter of
the groove L as 70 to 62.

But, after all this nice ndjustmom of the grooves to the pro-
portional times of their rewpeclm- wheels turnmg round, aud
which seems to promise very well in theory, there will still be
found a necesaity of a farther adjustment by hand; beeause
proper allow ance must be made for the diameters of the cat-prut
strings; and the grooves must be so adjusted by hand, as, that
in the time the Earth is moved once round the Sun, the Moon
wust perform 12 synodical revolutions round the Earth, and
be almost 11 days old in her 18th revolution.  The igelined
plane, with its nodes, must go once round backward throygh
all the signs and degroes of the small ecliptic i m 18 gefiual ro-
volutions of the Larth, and 225 days over. Anls e upogee
plate wust go once round forward, <o that its index may go
over all the »igns and degrees of the small veliptic i eight
vears (or so many annual revoluhons of the Earth), and 312
(lavs over.

N. B. The string which goes round the grooves X and N
for the Moon's motion, fist cross between these wheels; but
all the rest of the strings go in their respective grooves, /.M, °
k 0, and L P, without crossing

400. The Comerarirm. This curious machine

‘The Cometa. . . .

mm. shews the motion of a comet or eccentric body mov-

P":i‘;.?" ing round the Sun, describing equal areas in equal

: times, § 152, and may be so ocontrived as to shew

such a motion for any degree of eccentricity. It was mvented
by the late Dr. Desagdliers. .

The dark elliptical groove round the letters & be de ¥il's
hiklmis the orbit of the comet Y : this comet is surried
round in the g(oqve, according te the order of letm-s, by~
the wire W fixed iit the Sun §, and shdes on the wire as
it approachies nearer to or recedes farther from the Sun, be.
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- mg nearest of all in the perihelion a, and farthest in the aphe-
lion oo The arcas a 88, b S'c, ¢ §d, &e. or comtents of these
several triangles, are all equal; and iu every turn of the winch
N the comet ¥ i carried over one of these areas : consequently,
in &% much time as it moves from £ to &, or from g to &, it
morcs from m to a, or from A to b; and so of the rest, being

* quichest of all at a, and slowest at g. Thus, the comet’s velocity

1 1ts orbit continually decreases from th& perihelion a 1o to the

aphddion g; and increases in the same proportion from g to a.

The elliptic orbif is divided into 12 eqéal parts or signs,
with their respective degrees, and so is the crele nopgrsta,
which represents a great cirele in the heavens, and to which the
comet’s motion is referred by a small knob on the point of the
wire W,  \Whilst the comet moves from fto g in its orbit, it
appears to move only about five degrees in this circle, as is
shewn by the small knob on the end of the wire W7 but in the
hke time, as the comet moves from m to a, or from « to b, it
appeats to describe the large space #2 or no in the heavens,

cithiag of which spaces contains 120 degrees, or four sigrs
\\ericil v of its orbit greater, the greater still woull
be the diff (Mice of its motion, and vice versa. ¢+ .
ABCDEFGHIKLMA is a circularorbit for showing
the equal motion of a body round the Sun §, describing ouat
areas A 8 B, BS C, &ec. in equal times with those of the bady
} in its clliptical orbit above mentioned ; but with this differ-
ence, that the circular motion describes the equal ares 4 By B (',
&c. in the same equal times that the elliptical motion descriix s
the unequal arcs a b, b e, &c. ’
Now, suppose the two bodies } and 1 to start from the points
a and A at the same moment of time, and each having gene
round its respective orbit, to arrive at these points again at the
" same instant, the body ¥ wHil be forwarder in its orbit than the
body 1 all the way from a to g, and from 4 o G; but 1 will
be foraarder than ¥ through all the other half of the orbit;
.and the difference is equal to the equation of the body Y in its
orbit. ‘At the points a, i, end g, G, that is, in the perihelion
and aphelion, they will be equal; and then the®equation va-
nishes.\ This shews why the equation of a body moving in an
‘eiptic o.bituis gdded to the mean or supposed -circular motion
from the perihelion to the aphelion, and’ subtracted from the
aphelicn to the perihelion, in bodies moving round the Sun, or
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from the périgee to the apogee, and from the apogee to the
perigee in the Moon's motiont round the Farth, according to
the precepts in the 853d article ; only we are to cousider, that
when motion is turned into time, it reverses the itles in the
table of the Moon's elliptic equation. ‘

Plae IV.  This motion is perfofmed in the following man.

Fig-5. ner by the machine. A B C is a wouden bar (in the
box containing the whéel-work) above which arc the wheels 72
and E; and below it the elliptic plates FF and ¢ 6. cach
plate being fixed om an axis in one of its foci, at  and &',
and the wheel E is fixed on the same axis with the plate 77
Theseplates have grooves round their edges precisely of equual
diameters to one another, and in these grooves is the cat-gut
string & tr, o g, crossing between the plates at b, On H (the
axis of the handle or winch & in Fig. 4th) is an endless serow
in 'ig. 5, working in the whecls D and F, whose munber off
tecth being each equal to the number of lines a S, 5.8, ¢ 5, e,
m Tig. 4, they turn round their axes in equal times to one an-
other, and to the motion of the elliptic plates.  For, the jheel.
D and E hawving equal numbers of tecth, the plite PT°, bomy
fixcd on ghe safe axis with the wheel E, and the plate FF
turning the equally large plate G G by a cat-gut string 10und
themn both, they must all go round their axis in a8 mauy turns
of the handle N as either of the wheels has teeth.

It is casy to see, that the end % of the elliptical plate 7 F°
being farther from its axis E than the opposite end i is, myst
describe u circle so much the larger in proportion ; and must
therefore move through so mych more space in the same time ;
and for that reason the end A moves so much faster than the
end-i, althrough it goes no sooner round the centre F. But
then, the quick moving end % of the plate F' F leads ahout'tle
short end & X of the plate G G with the same’ veloaty ; and
the slow moving end ¢ of the plate F/ F coming half round a,
t6 B, must then Jead the long end k of the plate G G awslowly
about : so that the elliptical. plate F' F' and its axis £ moye
uniformly and equally quick in every part of its revolution ;
but the elliptical plate G G, together with its axis X, must
move very uncqually in different parts of its revolutidh ; the
.difference being always inversely s the distance of any point0T
.the cireunference of G G from its axis at X '; or in other words,

instance in two points, if the distance f&' k be four, five, or
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six times as great as the distance A £, the point & will move in
that position four, five, or six times as fast as the point & does:

. when the plate ¢ G has gone balf round : and so on for any
other eccentricity or difference of the distance A % and X &
"Mie tooth i on the plate F F falls in betwecn the two teeth at
% on the plate G G, by which means the revolution of the latter
15 w0 adjusted to that of the former that they can never vary
from one another

On the top of the axis of the equally moving wheel
D, m Fig 5th, is the Sun § in Fig. 4th : which Sun,
by the wire Z fined to 1it, carries the ball 1 round the cirele
-1 B €' D, kc. with an equable motion, accordng to the vrder
of the 'etters: and on the top of the axis X of the unequally
moving cllipsis ¢ G, m Tig. 5th, is the Sun § in Fig. 4th,
cartyig the hall }” unequally round in the efliptical groove a b
¢ d, 8 N. B. This elhiptical groove must be precisely equal
and sinnlar to the verge of the plate G G, which is alv equal
to that of F' F,

In this manner, machines may be made to shew the true mo-
fion of™ e Moon about the Farth, or of any planet about the
wun , by making the elliptical plates of the same eccentricitios
i proportion to the rudius, as the orbits of the planets are,
whose motions they represent 5 and so, their different equations
in different parts of their orbits may be made plain to sight :
and dlearer ideas of these motions and equations acquired in
half an hour, than could be gained from reading half a day
about such motions and equations.

Iig. L.

401. The mmrrovep CerEsTiaL Grosr. Onthe .
northepole of the axis, above the hour-circle, is fixed 3" Celemnt
Lan arch M K 4 of 28} degrees ;. and at the cnd H (r‘rll;:: L
i« fixed an upright pin # G, which stands directly “yyg 3.
over the north pole of the ecliptic, and perpen-
dicular to that part of the surface of the globe. On this pin
are two movesble collets at D and H, to which ave fixed the
Guadrantal wires N antt O, having two lhitle balls on their
euds for the Sun and Moon, as in the figure. 'The collet D is
fixed tp the cireular plate F, whereon the %th;hys of the
Moon’s age are engraven, beginning just under the Sunm’s wire
N; andag:; Qﬁswii‘rr: is moved round the globe, the plate F
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turns round with it. These wires arc easily turncd, if the screw
G be slackened ; and when they are sct to their proper places,
the screw serves to ¥ix them there so, that in turning the ball of
the globe, the wires with the Sun and Moun go round with it ;
and these two little balls rise and set at the same tunes, and ofr
the same puints of the horizon, for the day to which they are
rectified, as the Sun and Moon do the heavens

Because the Moon heeps not her course 1 the echptie (as the
Sun appear- to do) but has a declination of 5} d: grees on ench
side from it in every lunation, § 817, her balt minv be serewed
as many degrees to cither wde of the cehptic as her latitude or
declination from the ecliptie amounts to at auy given time, and
for thi> purpose & is a small piece of pastcboard, of which the
curved edge at & 15 to be <t upon the globe at ught angles to
the ecliptic, and the dark hne over § to stand upright upon it.
From this line, on the convex edge, are drawn the 53 dggrees
of the Moon's latitude on both sides of the ecliptic 5 and when
this picee is set upright on the globe, its graduated (dge reaches
to the Moon on the wire O, by which means she is casly
justed to her latitude found by an ephemeris. ﬁes/m‘.

The horizon is supported by two semicircular areS because
pillars would stop the progress of the balls when they go helow
the horizon in an oblique sphere,
To rectify To rectify this globe. Elevate the pole to the lati-
the mpeoved tudde of the place ; then bring the Sun’ place in the
globe- ecliptic for the givensday to the brasen meridian,
and set the hour-index to XII at noun, that is, to the upper
X11 pa the hour-circle ; keeping the globe in that situation,
slackeythe screw G, and st the Sun directly over his place
on the meridian ; which dene, set the Moon's wire under the
number that expresses her age for that day on the plate ¥, and
she will then stand over her place in tite ecliptic, and sliew what
constclistion she is in,  Lastly, fasten the screw G, and laying
the eurved edge of tha pasteboand .§ over the ecliptie below.the
Moon, gdjust the moon to her latifude over the graduated edge_
of the pasteboard ; sand the globe will be veetified. .
Medmior  Having thus rectified the globe turn it rovad,-and
usiog - Ghaepwe on what points of the horicon tie Spi and
Moonballs rise aud set, for these agree with the points of the
compaaion which the Sun and Moon rise and set in the hea-
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. vens on the given day: and the hour-index shews the times of
their rising and settiig; and likewise the time of the Moon's
passing over the meridian.

* This simple apparatus shews all the varieties that can happen
m the rising and setting of the Sun and Moon ; and makes the
fore-mentioned phenomena of the harvest Moon (Chap xvi),
+ plain to the eye. It is also very useful in reading lectures on
the globes, because a large company can see the Sun and Moon
go round, rising above and setting below the horizon at differ-
ent times, according to the seasons of the year; and making
their appulses to different fixed stars. But in the usual way,
where there is only the places of the Sun and Moon in the
ecliptic to heep the eye upon, they are easily lost sight of, un-
less they be covered with patches.
402. The Praxerary Groses. In this machine, T
. . . . . e Planeta-
7' is a terrestrial globe fixed on its axis standing up- ry Giobes.
right on the pedestal C D E, on which is an hour- P‘;" V}II.
circle, having 1ts index fixed on the axis, which turns o
somewhat tightly in the pedestal, so that the globe may not be
hable tdwshake ; to prevent which, the pedestal is about two
mches thien,*and the axis goes quite through it, bearing on a
shoulder.  ‘T'he globe 1» hung in a graduated brazen meridian,
much in the usual way ; and the thin plate N E, is a moveable
horizon, graduated round the outer edge, for shewing the bear-
ings and amplitudes of the Sun, Moon, and planets. The bra-
zen meridian is grooved round the outer edge; and in this
groove is a slender semicircle of brass, the ends of which are
fixed to the horizon in its north and south points: this semi-
circle slides in the groove as the horizon is moved in rectifying
it for different latitudes. To the middle of the semi-circle is
fixed a pin, which always keeps in the zenith of the horizon,
~and on this pin, the quadrant of altitude g turns ; the lower end
of which, in all positions, touches the horizon as it is moved
round the same. This quadrant is divided into 90 degrees from
the horizon to the zenithal pin on which it is turned, at 90.
T great flat circle or plate 4 B is the ecliptic, on the outer
edge of which the signs and degrees are laid down; and every
fifth dcgree is drawn through the rest of the surface of this
plate towards its centre. On this plate are seven grooves, to
which seven little balls are adjusted by sliding wires, 3o that
they Mfe easily moved in the grooves, without danger of start.
.~ VOL. II. c
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ing out of them. The ball next the terrestrial globe is the
Moon, the next without it is Mercur;, the next Venus, the next
the Sun, then Mars, then Jupiter, and lastly Saturn; and in
order to know them, they are separately stamped with the fol- -
lovnng characters: p, %, 9, @, 3+ ¥ h This plate or ecl p-
ticis supported by four strong wires, having their lower ends
fixed into the pedestal at (, D, and F, the fourth being hid
by the globe. The echiptic is inchned 23} degrees to the pedes-
tal, and is ther. ‘ore properly inclined to the axis of the globe
which stands upright on the pedestal.

Mehol of T'o rectify this machine. Set this Sun, and all the
recnfying ;" planetary balls, to their geocentric places i the
the Planet. ecliptic for any gnen time, by an ephemerss. then
*7 Globe.  set the north pomt of the horizon to the latitude of
your place on the brazen merichan, and the quadrant of alutude
to the south point of the hortzon, which done, turn the globe
with its furniture till the quadrant of altitude comes right agamwt
the Sun, viz. to his place in the echiptic, and keeping 1t there,
set the hour index to the XII next the letter € ; and the ma-
chine will be rectified, not only for the followmg problens, but
for several others, which the artist may casily find-eut

Pros. 1.—T0 find the Amplitudes, Meridian Altitudes, and
times of Rising, Culminating, and Setting, of the Sun, Moon,
and Planets.

Turn the globe round eastward, or according to
the order of the signs; and as the eastern edge of
P"""’ . the horizon comes right against the Sun, Mgon, or
|.,, md et any planet, the hour index will shew the time of 1ts
plen rising ; and the inner edge of the echpuc will cut s

rising amplitude in the horizon. Turn on, and as
"the quadrant of altitude comes nght against the Sun, Moon, or
planets, the ecliptic cuts their mendian sltitudes 1n the qua-
drant, and the hotr index shews the time of their coming to tire
meridian. Continue turning, and as the westers edge of the
horizon comes right agamst the Sun, Moon, or planets, their
nethn%amphtudes are cut in the horizon by the echiptic; and
the times of their setting are shewn by the index on the hour
circle.

To find the
altitads, am-
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Pros. I1. —To find the Altitude and Azimuth of the Sun, Moon,
- and Planets, at any time of their being above the Horizon.

"Furn the globe till the index comes to the given aod the
time in the hour circle; then keep the globe steady, dumd: and
and moving the quadrant of altitude to each planet :;:m;:. :'i
reepectlvoly, the edge of the ecliptic will cut the pla-
net’s mnean altitude on the quadrant, and the quadrant will cut
the planet’s azimuth, or point of bearing, on the horizon.

Pros. IT11.—Tke Sun’s Altitude being given at any time either
before or afier Noon, to find the Hour of the Day, and the
Variation of the Compass, in any known Latitude.

With one hand hold the edge of the quadrant
right against the Sun, and, with the other hand, ho‘:“ﬁ:gtﬁ'
turn the globe westward, if it be in the forencon, or day, and the
castward, if 1t be in the afternoon, until the Sun’s m;m
place at (b inner edge of the echptic cuts the qua-
drant m the Sun’s observed altitude ; and then the hour index
will pont out the time of the day, and the quadrant will cut
the true azimuth, or bearing of the Sun for that time: the dif-
ference between which, and the bearing shewn by the azimuth
compass, shews the variation of the compass in that place of the

Earth.

403. The Trasecrorium Lunare. This machine

18 for dglineating the paths of the Earth and Moon, ;{::,,T'I'j:'
shcwing what sort of curves they make in the ethe- DA, IL
—Trenl reglons ; and was just mentioned in the 266th Fig. b
article. &' is the Sun, and E the Earth, whose cen-

tres are 81 inches distant frem each other ; every inch answer-
ing 1o a million of miles, § 47. M is the Moon, whose centre
“is i‘,'u parts of an inch from the Earth’s in this machine, this
being jn just proportion to the Moon's distance from the Earth,
§ 52. A A is a bar of wood, to be moved by hand round the
avig g, which is fixed in the wheel ¥. The circumference of
this wheel is to the circumference of the small wheel L (below
the osler end of the bar) as 865} days is to 20} ; or as a year
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is to a Junation. The wheels are grooved round their edges,
and in the grooves is the cat-gut string G G crossing between
the wheels at X. On the axis of the wheel L is the index F,
in which is fixed the Moon's axis M for carrying her round the
Earth E (fixed on the axis of the yheel L) in the time that the
index goes round a circle of 29} equal parts, which are the days
of the Moon'’s age. The wheel Y has the months and days of
the year all round its limb ; and in the bar 4 A is fiaed the
index J, which pomnts out the days of the months answering to
the days of the Moon’s age, shewn by the index F, in the circle
of 29} equal part: at the other end of the bar. On the axis of
the wheel L is put the piece D, below the cock C, m which this
axis turns round ; and in D are put the pencils ¢ and m, di-
rectly under the Earth E and Moon M. so that m 1» carned
round ¢, as M is round E.

Mesbod of Lay the machine on an even floor, pressing gently
using it. on the wheel ¥, to cause 1its sprhed feet (of which
two appear at P and P, the thuird being supposed to be hid
from sight by the wheel) enter » hittle mto the floor to secure
the wheel from turning. Then lay a paper abont four et long
under the pencils ¢ and @, cross-ways to the bar: winch done,
move the bar slowly round the axis g of the wheel ¥; and, as
the Earth E goes round the Sun §, the Moon 3f will go round
the Earth with a duly proportioned veloaty ; and the fricton
wheel W running on the floor will keep the bar from beanng
too heavily on the pencils ¢ and m, which will delincate the
paths of the Earth and Moon, as m Fig. 2d, alrcady described
at large in § 266, 267. As the index J points out the days of
the months, the index F' shews the Moon's age on these days, in
the circle of 29} equal parts. And as this dast index points to
the different days in its circle, the like numeral figures may be
set to those parts of the curves of the Earth's path and Moon’s,
where the pencil ¢ and m are at those times respectively, to shew
the places of the Earth and Moon # If the pencil e be pushed a
very little off, as if from the pencil m, to about ;% part of their
distance, and the pencil m pushed as much towards ¢ to bring
them to the same distance again, though not o the same ponts
of space ; then, as m goes round ¢, ¢ will go as it were round
the centre of gravity between the Earth ¢ and Moon m, § 298:
out this motion will not sensibly alter the figure of the Earth’s
pth or the Moon’s. '
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If a pin, as p, be put through the pencil m, with its head to-
wards that of the pin g in the pencil ¢, its head will always keep
thereto as m goes round e, or as the same side of the Moon is
ftill turned to the Earth. But the pin p, which may be consi-
dered as an equatoreal diameter of the Moon, will turn quite
round the point m, making all possible angles with the line of
* 1ts progress, or hine of the Moen" spath This is an ocularproot'
of the Moon’s turning round her axis.

404 The Tint-p1aL  The outside parts of this )
machine consist of—1, Ar eight-sided box, on the m
top of which, at the corners, 1s shewn the phases of Plate IX.
the Moon at the octants, quarters, and full. Within %7
these 1« a arcle of 291 equal parts, which are the days of the
Moon's age reckoued from the Sun at new moon, round to the
Sun again.  Within this circle 13 one of 24 hours divided into
their respective halves and quarters. 2, A moving elliptical
plate, pantcd blue, to represent the rising of the tides under
and oppoate to the Moon; and has the words, kigh water,
tide falling, low water, tide rising, marked upon it. To one
end of this plate is fixed the Moon M by the wire W, and goes
along with it. 3, Above this elliptical plate is a round one,
with the points of the compass upon it, and also the names of
above 200 places 1n the large machine (but only 82 in the fi-
gure, to avoid confusion) set over those points on which the
Moon bears when she raises the tides to the greatest height at
these places twice 1n every lunar day: and to the north and
south points of this plate are fixed two indexes 7 and X, which
shew the times of high-water, in the hour circle, at all these
places. « 4, Below the elliptical plate are four small plates, two
of which project out from below its ends at new and full moon :
and »0, by lengthening the cllipse, shew the spring tides, which
are then rased to the greatest heights by the united attractions
_of the.Sun and Mboon, § 302 The other two of yy 404 o
these small plates appear at low water when the using the
is in her quadratures, or at the sides of the el-
hptlc plate, to shew the neap-tides; the Sun and Moon then
acting cross.ways to each other. When any two of these siall
plates appear, the other two are hid; and when the Moon is in
her octnms, they all disappear, there being neither spring nor
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neap tides at those times. Within the box are s few wheels for
performing these motions hy the handle or winch H..

Turn the handle until the Moon M comes to any given day
of her age in the circle of 29} equal parts, and the Moon's wir
W will cut the time of her coming to the meridian on that day,
in the hour circle, the XII under the Sun being mid-day, and
the opposite XII midnight ; then looking for the name of any
given place on the round plate (which makes 29} rotations
whilst the Moon M makes only one revolution from the Sun to
the Sun again) turn the handle till that place comes to the word
high water under the Moon, and the index which falls among
the forenoon hours will shew the time of ligh water at that
place in the forenoun of the given day: then turn the plate
half round, till the same place comes to the opposite high water
mark, and the index will show the tune of hugh water m the
afternoon at that place  And thus, as all the different places
come successively under and oppodte to the Moon, the mdexes
show the times of hgh water at them m hoth patts of the day
and when the same places come to the low water marhks, the
indexes show the times of low water  For about three dave
before and aftet the times of new and full moon, the two small
plates come out a hittle way fiom below the lugh water marks
on the elliptical plate, to <how that the tides nse stll highes
about these times : and about the quarters, the other two plates
come out a little from under the low water marks towards the
Sun and on the opposite side, chewing that the tides ot flood
rise not therf so high, nor do the tides of ¢bb fall < low, as at
other times.

By pulling the handle 4 httle way ontward, 1t 15 disengaged
from the wheel-work, and then the upper plate may be turned
round quickly by hand, so that the Moon may be brought to
any given day of her age in about a quarter of a nunute - and by
pushing in the handle, it takes hold of the wheel-work agan.
The imide O 4 B, the exis of the handle H, is an endless
work desczib- gerew C, which turns the wheel F E D of 24 tecth

le 1x. round in 24 revolutions of the handle: this whecl
¥Fig. 8. turns another, O N G, of 48 teeth, and on dts axis
is the pinion P Q of four leaves, which turns the wheel LXJ
of 59 teeth round in 20} turnings or rotations of the wheel
P E D, ‘or in 708 revolutions of the handle, which is the num-
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ber of hours in a synodical revolution of the Moon. The round
plate with the names of places upon it is fixed on the axis of
the wheel #E D; and the clliptical or tide-plate with the moon
“fixed to it is upon the axis of the wheel L K I; congequently,
thg former makes 29} revolutions in the time that the latter
makes one. The whole wheel ¥ E D, with the endless screw
C, and dotted part of the axis of the handle A B, together W:l'ﬂ'l
the dotted part of the wheel O NG, lie hid below the large
wheel LK 1.
Fig. 9th represents the under side of the elliptical Description

or tide-plate abcd, with the four small plates of the dil-
ABCD, EFGH, IKLM, NOP Q, upon it: P**

each of which has two slits, as 7'7", § &, R R, U U, sliding on
two pins, as nn fixed in the elliptical plate. In the four small
plates are fixed four pins, at WA X, Y, and Z; all of which
work m an elliptic groove 0000 on the cover of the box below
the elliptical plate ; the longest axis of this groove being in a
right line with the sun and full moon. Consequently, when
the Moon is in conjunction or opposition, the pins W and X
thrust out the plates 4 B C D and I K L M g little beyond the
ends of the clliptic plate at d and 3, to_fand ¢; whilst the pins
Y and Z draw in the plates EFGH and NOPQ quite un-
der the elliptic plate to & and A.  But, when the Moon comes
to her first or third quarter, the elliptic plate lies across the
fixed clliptic groove in which the pins work ; and therefore the
end plates 4 B D and I K L M are drawn in below the great
plate, and the other two plates EF G H and V O P Q are thrust
out heyond 1t 10 a and «. When the Moon 1s in her octants, the
pins T, .V, ¥, Z, are 1n the parts o, 0, 0, 0, of the elliptic groove,
which parts are at a mean between the greatest and least dis-
tances from the centre g, and then all the four small plates dis-
appear below the great one. ,

405, The Fcvipsarrox. This piece of mecha: py, moipes.

nism exhibits the time, quantity, duration, and pro- reon.

Pess of solar eclipses, at all parts of the Earth, ' XTtE

'he prineipal parts of this machine are, 1, A terrestrial
globe 4 turned round its gxis B by the bandle or winch
M;; the axis B inclines 23} degrees, and has an index which
goes round the hour-circle D in each rotation of the globe.
2, ) circular plate E, on the limb of which the months
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and days of the year are insemted. This plate supports the
globe, and gives its axis the same pBsition to the Sun, or
to a candle properly placed, that the Earth’s axis has to the
Sun upon.any day of the year, § 888, by turnng the plate nll
the given day of the month comes to the fixed pomnter, or gn-
nual index G. 8, A crooked wire F, which points towards the
migdle of the Earth’s enhghtened disc at all times, and shews
to what place of the Larth the Sunis vertical at any given
time. 4, A penumbra, or thin circular plate of brass J divided
into 12 digits by 12 concentnic cireles, which represent a sec-
tion of the Moon's penumbra, and 1 proportioned to the size
of the globe ; so that the shadow of this plate. formed by the
Sun, or a candle placed at a convenient distance, with 1ts rays
transmitted through a convex lens to make them fall parallel
on the globe, covers exactly all those places upon 1t that the
Moon’s shadow and penumbra do on the Earth so that the
phenomena of any solar cchipse may be shewn by this machine
with candle-hght almost as well as by the hght of the Sun 3,
An upright frame H H H H, on the sides of which are scales
of the Moon’s lattude or dechnauon frow the echptic To
these scales are fitted two shders A and A, with indexes for
adjusting the penumbra’s cuntre to the Moon™s latitude, accord-
ing as it 1s north or south, ascending or descending 6, .\ so-
lar honzon C, dividing the enhightened hemisphaic of the glob
from that which 1s 1n the dark at any gnen tune, and showing
at what places the general echipse begins aud ends with the
riang or setung Sun 7, A handle J7, which turns the globe
round its &xis by wheel-work, and at the same time moves the
penumbra across the fiame by threads over the pulhes, L, L, L,
with a veloaity duly proportioned to thatof the Moon’s shadow
over the Earth, as the Earth twns on its axis. And as the
Moon’s motion 18 qucker or slower, according to her differem
distances from the Earth, the penumbral motion 1< easily regu-
lated in the machme by changing one of the pullies:
“Tawctifyte  406. T rectify the machine Jor use. The true
Eclipmreon. time of new Moon and her latitude beng known,
by the foregoing precepts, § 8583, e seg. if her latitude exgeeds
the number of minutes or divisions ou the scales (which are on
side of the frame hid from view mn the figure of the ma-
), there can be no eclipse of the Sun at that conjunction ;
€ it does not, the Sun will be eclipsed to some plass of
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the Earth; and, to shew the times and various appearanceg of
the eclipse at those places, proceed in order as follows.
] 407. To rectify the machmﬁrpqﬁ)rmmgbythe T rectify the
“light of the Sun. 1, Move the sliders X K till their Edipsarecn
ingexes point to the Moon’s latitude on the scales, as of‘;.' th“;‘sl:q:"
1t 15 north or south ascending or descending, at that )
tine. 2, Turn the month-plate E till the day of the given
new moon comes to the annual index G. 8, Unscrew the col-
lar IV a little on the axis of the handle, to loosen the contigu-
ous sochet on which the threads that move the penumbra are
wound; and set the penumbra by hand till its centre comes to
the perpcndicular thread in the middle of the frame; which
thread represents the axis of the ecliptic. 4; Turn the handle
till the meridian of London on the globe comes just under P,
the pont of the crooked wire F; then stop, and turn the hour-
aircle D by hand tll X1II at noon comes to its index, and set
the pe mumbra’s mddle to the thread. 5, Turn the handle till
the hour-index points to the tine of new moon m the crcle D;
and holding it there, screw fast the collar N. Lastly, Elevate
the machine till the Sun shines through the sight holes in the
small upright plates, ), 0, on the pedestal ; and the whole ma-
chine will be rectitied
Y08, Torcctify the mackene for shewing by candle- "To rectfy the
light.  Procecd m every 1espeet as above, except in Fechpsareon
that part of the last pamf_,laph where the Sun is for candle-
mentioned ; mstead of which place a candle before
the maclune, about four vards tiom it, so as the shadow of in-
tersection of the cross threads in the middle of the frame may
fall precisciy on that part of the globe below P the point of the
crookgd wire: then, with a pair of compasses, tahe the distance
between the penumbra’s centre and mtersection of the threads ;
md equal to that distance set the candle higher or lower, as
the penumbra’s centre is above or below the said intersection.
Lastly, Place a large convex lens between the machine and
—¢andle, so that ﬂlﬁdle may be m the ‘focus of the lens, and
titen the rays will parallel, and aast a strong hght on the
-bec.

These things being done, turn the handle backward, Method of
until the penubra almost touches the side H F' of i-;s the
the frame; then turning it gradually forward, observe ~“T"
the #llowing phenomena :—1, Where the eastern edge of the
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shadow of the penumbral plate / first touches the globe at the so-
lar horizon, those who inhabit the corresponding part of the Earth
see the eclipse begin on the sppermost edge of the Sun, just at the
time of its rising. 2, In that place where the penumbra’s centre
first touches the globe, the inhabitants have the Sun riupg
upon them centrally echpsed. 3, When the whole penunibra
just falls upon the globe, 1ts western edge at the solar honizon
touches and leaves the place where the edipse ends at sunaise
on his lowcrmost edge  Continue turnmg, and, #, Theaoss
hmes in the centre of the penumbra will go over all those places
on the globe when the Sun 1s centrally echpsed 5, When the
eastern edge of the shadow touche« any place of the globe, the
eclipse begins there ; when the vertical hne 1n the penumbra
comes to any place, then 1s the greatest obscuration at that
place; and when the western edge of the penumbra leaves the
place, the echpse ends thero . the times ot all which are shown
on the hour-arrcle, and trom the bcgimning to the end, the
shadows of the concentric penumbril encles <hew the number of
digits echpeed at all the intermcdiate tmes 6, When the
eastern edge of the penumbra leaves the globe at the solam
horizon (', the mhalntauts see the ~un hegmning to be
eclipsed on his lowermost edge at 1< ~cting 7, Where the
penumbra’s centre leaves the globe, the habitants «ee the Sun
set centrally echpsed  And, lastly, where the penumbra 1
wholly departing fiom the globe, the mhantants < the eclipse
ending on the uppcrinost part of the dSun’s edge, at the time of
its chsappearing 1n the honizon

The Echipss- 409 If any given dav of the year on the plate E
reon alto b set to the annual-ndey G, and the handle rurned
shews the

tme of her il the mendian of any placc comes under the pemt
nang "‘h‘: of the crooked wire, and then the hour-circle D sét~
duration of by the hand till XII comes t>1ts index ; 1 turning
twilight, &c. the globe round by the handle, when the said place
touches the eastern edge of the hoop or horizon C, the -
dex shews the tnne of sun retting at that ; and when the.
'place 1 just coming out from below the other edge of the hfop
C, the index shews the ime when the evening twihght ends to
jt. When the place has gone through the dark part 4, and comes
tmut so as to immerge under the back of the hoop C on the

her side, the index shews the tme when the morning twilight
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begins; and when the same place is just ‘coming out from be-
ow the edge of' the hoop next the frame, the index points outs
the time of sun-rising. And thus, the times of sun-rising and
setting are shewn at all places in one rotation of the globe, for
apy mven day of the year: and the point P of the crooked wire
F shews all the places over which the Sun passes vertically on
that day.

CHAP. XXIII

THLE METHOD OF FINDING THF DISTANCFS OF THE PLANETS
FROM THL SUN.

At I —Concerning Parallaxes, and their Use in general.
410 Tur! approaching tranat of Venus over the The tranut
Sun has justly engaged the attention of astronomers, ';L‘::""i‘:‘:f'
as 1t 18 a phenomenon seldom seen, and as the paral- .,.,,,.,.nmﬁ
laxes of the Sun and plancts, and their distance ofthe planets.
from onc another, may be found with greater accuracy by it,
than by any other method yet known. ¢

411. The parallax of the Sun, Moon, or any pla- Ecplanation
net. 15 the distance between its tiue and apparent of parallax.
place in the heavens.  The true place of any celestial object,
referred to the stary heaven, 15 that m wlich 1t would appear
if <een from the centre of the Earth; the apparent place is
that in wlnch it appear as seen from the Earth’s surface.

To explan ths, let 4 B 1) H be the Earth (Fig. Pt XIV.
15 of Plate XIV), (" 1ts centre, M the Moon, and Fig L.
Z X R an arc of the starry heaven. To an observer at ¢
(supposing the Earth to be transparent) the Moon M will ap-

_negr at U7, which 1s her true place referred to the starry firma-
ment° but at the’samc nstant, to an ohserver at 4 ‘<he will
{pear at u, below hef truc place as among the stars. The
angle 4 M C is called the Moon’s parallax, and 1s equal to the

*1 'The whole of this Dissertation was published 1n the beginning of the year 1761,
before the ume of the transit, except the 7th and 8th articles, which have been added
aince that time.
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opposite angle U7 M u, (Playfair's Eucl. B. i, Prop. 15.) whose
mensure is the celestial arc U’ «. The whole Earth is but a
point if compared with its distance from the fixed stars; and
therefore we consider the stars as having no parallax at all.
The ponllax ~ 412. The nearer the object is to the horizon, the
of a3 b W.! greater is its pnralluvf; the nearer it is to the zenith,
itsaltitudedi- the less. In the horizon it is greatest of' all, in the
minishes.  genith it is nothing.—Thus let 4 L ¢ be the sensible
horizon of an observer at 4; to him the Moon at L is in the
borizon, and her parallax is the angle 4 L C, under which the
Earth’s semidiameter 4 € appears as seen from her 'I'his
angle is called the Moon's horizontal parallax, and is equal to
the opposite angle 7' L ¢, whose measure is the ar¢ 7' ¢ in the
starry heaven.  As the Moon rises higher and higher to the
points M, N, O, P, in her diurnal course, the parallactic
angles £". M u, X' N ., }' O y, dimnjsh, and so do the ares {7 «,
X x, Yy, which are their measures, until the Moon comes to
P; and then she appears in the zemth Z without any parallax,
her place being the same as seen from 4 on the Farth sur-
face, and from C 1t« centre.
How 1o find 413. If the observer at A could take the true mea-
the Moon's  surc or quantity of the parallactic angle 4 L C, he
g‘m from wpight thereby find the Moon’s distance from the
er g
centre of the Farth.  For then, 1n the plan triangle
L A4 C, the «side 4 (, which 1s the Earths «enndiameter, the
aogle 4 L C, which is the Moons honizontal parallax, and the
right angle (' 4 I, would be given.  Therefore, by trigo.io-
metry, as the tangent of the parallactic angle 4 L (' is to ra-
dius, so is the Earth’s semidiameter 4 € to the Moon's distance
C L from the Earth’s centre (' (Playfair's Lucl. Tvigon.
Prop. 1). But because we consider the Earth’s semidiameter
as unity, and the logarithm of umty 1s nothing, subtract thé
_logarithmic tangent of the angle 4 L C from radius, and the
remainder will be the logarithm of C' L, whose nuimber is equal

*

to the numbér of semidiameters of the Earth by which the’

Moon is distant from the Earth’s centre. 'Thus, supposing the
angle 4 L C of the Moon’s horizontal parallax to be 57.18),

From the rdins c.oveeconsescrcoccrsrnoeren desvnnes esaereesas 10.0000000
Subtract the tangent of 57/ 18” ciccaucireie sevesconnen see 8.2219207

' And thers will 1emain .ooovevereeesnreciries treesnesaense 1.7780793 ;
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which is the logarithm of 59.99, the number of semidimmeters
of the Earth, which are equal to the Moon’s distance from the
Earth's centre. Then 59.99 being multiplied by 3985; the

[ “number of mules contained in the Earth’s semidiameter, will
give 239082 miles for the Moon’s distance from the centre of
the Earth, by this parallax.

414. But the true quantity of the Moon's hor.ontal paral-
lax cannot be accurately determied by observing the Moon in
the horizon, on account of the mconstaney of the horizontal re-
fractions, which always vary accordmg to the state of the atmo-
sphcre; and, at a mean rate. elcvate the Moon™s apparent
place near the horizon half as much more than as her paallax
depresseth it.  And, therefore, to have her parallax more accu-
rate, astronomers have thought of the following method, which
seems to be a very good one, but which has not yet been put
m practice.

Let two observers be placed under the same meri- Method of
dian, one in the northern hemisphere, and the other finding the
m the southern, at such a distance from cach other, Moon’s pa-

A . rallax.

that the arc of the celestial merichan included be-

tween thair two zeniths may be at least 80 or 90 degrees.  Let
cach observer tahe the distance of the Moon's centre from his
zemth, by means of an exceeding good mstrument, at the mo-
ment of her passing the meridian; add these two zenith-dis-
tances of the Mooy together, and therr excess above the dis-
tance betwecn the two zemths will be the distance between the
two apparent places of the Moon. Then, as the sum of the
natural sines of the two zemth-distances of the Moon is to
radius, so 1s the distances between her two apparent places to
her harizontal parallax : which being found, her distance from
the Earth’s centre may be found by the analogy mentioned in
§ 418.

Thus, in Fig. 2’ lee VEC Q be the Emh, M‘ﬂ‘e TNustration of
Moon, and Z b a x an arc of the celestial meridian. this method.
Let V be Vieuna, Whose latitude E Vis 48°20 north;  F'& %

—snd C the Cape of Good Hope, whose latitude E C is 34° 80/
south.: both which latitudes we suppose to be accurately de-
termined beforehand by the observers. As these two places
are, on the same meridian n V E C s, and in different hemi-
spheres, the sum of their latitudes 82° 50’ is their distance from
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each other. Z is the zenith of Vienna, and z the zenith of the
Cape of Good Hope; which two zemths are also 82° 50/ di.-
tant fram each other,.in the common celestial meridhan Z .
To the observer at Vienna, the Moon's centre will appear at a
in the celestial mendian; and at the same imstant, to the ob-
server at the Cape, 1t will appear at 4. Now, suppose the
Moon’s distance Z a fiom the zemth of Vienna to be 88 1’ 537,
and her distance x4 from the zemth of the Cape of Good Hope
to be 467 ¥ {1 , the sum of these two semth-chstances
(Za4 205) 1 886 81, from which subtract 82230 , the
distance Z z between the zemiths of these two places, and there
will reman 1° 16’ 34, for the arc b 4, or dictance between the
two apparent places of the Moon's centre, as scen from b and
from C  Then, supposing the tabular radius to be 10000000,
the natural sme of 38 1 53 (the are Z a) v 6160816, and
the natural anc of 467 & 14 (thc are z §) 15 7202821 , the
sum of both thcse sines v 18368637  Say, therefore, as
18363687 1s to 10000000, o 151 16’ 847, to 57 18 . which 1s
the Moon’s horizontal parallax

If the two places of observation be not (xactly under the
same menidian, their difference of longitude must be accurateds
taken, that proper allowance may be made for the Moon's de-
chnation whilst she 1~ passing from the mendian of the one to
the meridian of the other

415. The Earth’s diameter, asseen from the Moon,
Relative .
magmtudes  subtends an angle of double the Moon's horizontal
:fnd‘b."lg:‘h parallax, which being supposed (as above) to be
57 18", or 3438’, the Farths diameter must be 17
54 386", or (876 When the Moon’s horizontal parallay
(which 1s variable on account of the eccentricity of her.orint)
is 57 18", her diameter subtends an angle of 31' 27, or 1862” :
therefore, the Earth’s diametcr 16 to the Moon’s diameter, as
6876 is t0 1862; that 15, 25 3.6 is to 1.

And since the relative bulks of spherical bodies are ag the
cubes of their diameters, the Earth's bulkis to the Moon’s
bulk, as 49.4 is to one.

416. The parallax, and consequently the distance and bilk,

any primary planet, might be found in the above manmer, if

planet was near enough to the Earth, so as to make the

‘erence of its two apparent, places sufficiently sensible ; but
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the ncarest planet is too remote for the uccuracy required.
In order therefore to determine the distances and
relative bulks of the planets with any tolerable oraeroat,
“degree of precision, we must have recourse to a fittedforfind
meghod less liable to error; and this the approach- i:f::;p,::"
ing transit of Venus over the Sun’s disc will af. pnmary pla-
ford us. et

417. From the time of any inferior conjunction of the Sun
and Venus to the neat, 1s 5383 days 22 hours 7 minutec.  And,
if the plane of Venus’s orit were comerdent with the plane of
the echptic, she would pass direetly between the Earth and the
Sun at cach inferior conjunction, and would then appear Like a
dark 1ound spot on the Sun for about 7 hours and 8 quarters.
But Vcnues orbat (ke the Moon's) only interseets the ecliptic
m two opposite pomnts, called its nodes. And therefore one half
of 1t 15 on the north wde of the echptic, and the other on the
south. on which account, Venus can never be seen on the Sun,
but at those mfenor conjunctions which happen i or near the
nodes ot her orbit. At all the other conjunctions, she either
passes above or below the Sun: and her dark side being then
towards the Earth, she 1s mviuble—"The last time when this
planct was seen lihe a spot on the Sun, was on the 24th of

November, old style, m the year 1639.

ArT. IL.—Shewing how to find the Horizontal Parallar of Venus
by observation, and from thence, by analogy, the Parallar and
Distance of the Sun, and of all the Plancts from him.

418..In Fig. 4, of Plate XIV, let D 4 B be the prae X1V,
Earth, ¥ Venus, and 7' .8 R the eastern limb of the Fg- 4.
Sun. To an observer at B, the point £ of that limb will be on
the meridian, its place referred to the heaven will be at E, and
Venys will appear just within it at §. But, at the same in-
stant, to an observer at 4, Venus is east of the Sun, in the right
ling 4 V F; the point ¢ of the Sun’s limb appears at € in the
heavens; and if Venus were then visible, she would appear at
F. The angle C V 4 is the horizontal parallax of Venus, which
we geek ; and is equal to the opposite angle F' V E, whose mea-
sure is the arc F E. A 8 C is the Sun's horizontal parallax,
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equal to the opposite angle ¢ § E, whose measure is the arc
e E: and F 4 ¢ (the saye as ¥ 4 v) is Venus's horizontal pa-
rallax from the Sun, which may be found by observing how
much later in abwolute time her total ingress on the Sun is, as
seen from 4, than as seen from B, which is the time she takes
to move from ¥’ to v in her orbit O ¥ z.

419. It appears by the tables of Venus’s motion and the
Sun™. that at the time of her encumg transit, she will move 4
minutes of a degree on the Sun'’s dise in 60 minutes of tme ;
and therefore she will move 4 «cconds of a degree mn one mmute
of time.

Now, let us suppose, that 4 is 90 degrees west of B, <o that
when it 15 noon at B, it will be VI m the mornmng at .1, that
the total ingress as seen from B 1~ at T minute past XTI, but
that as seen from 4 st 1 at 7 mmutes 80 seconds past VI - de-
duct 6 hours for the difference of mendians of 4 and B, and
the rcmainder will be 6 minutes 30 <econds for the time by
which the total ingress of Venus on the Sun at 81 later as seen
from 4 than as <een from B wlich time bang comverted mto
parts of a degree 15 26 «cconds, or at the are F e of Venus's ho-
rizontal parallax from the Sun  for, as T minute of time 15 to 4
seconds of a degree, o 15 6} mmntes of time to 26 seconds of a
degree.

420. The times in which the planets perform their annual
revolutions about the Sun are already hnown by ohservation
From these times, and the universal power of gravity by which
the planets are retained in their orbits, 1t 15 demonstrable, that
if the Earth’s mean distance from the Sun be divided mto
100000 cqual parts, Mercury’s mean distance from the Sun
must be equal to 38710 of these parts—Venus’s mean distance
from the Sun, to 72333 — Mars's mean distance, 152369—Ju-
piter’s, 520096—and Saturn’s, 954006. Therefore, when the
number of miles contained in the mean distance of any planct
from the Sun is known, we can, by these proportions, find_the
mean distance in miles of all the rest. .

421. At the time of the ensuing transit, the Earth's distanr~
from the Sun will be 1015 (the mean distance being’ here &on-
sideddlf.as 1000), and Venuss distance from the Sun will be

e mean distance being considered as 723), which differ.
from the mean distances arise from the elliptical figure of
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the planets’ orbits. Subtract 726 parts from 1015, and there
will remain, 289 parts for Venus's distance from the Earth at
that time.

421. Now, since the horizontal parallaxes of the planets ave®
uncrscly as their distances from the Earth’s centre, it xs plain,
that ar Venus will be between the Earth and the Sun ‘on the
day of her transit, and consequently her parallax will be then
greater than the Sun’s, if her horizontal parallax can be on that
day ascertained by observation, the Sun’s horizontal parallax
nay be found, and consequently Lis distance from the Earth.—
Thus, suppose Venus’s horizontal parallax should be found to
be 867.3489 ; then, as the Sun’s distance 1015 is to Venus's
distance 289, so is Venus's horizontal parallax 36”.3480 to the
Sun’ horizontal parallax 10”.3493 on the day of her transit.
And the difference of these two parallaxes, viz. 25”9987
(which may be esteemed 26”) will be the quantity of Venus’s
horizontal parallax from the Sun; which is one of the elements
for projecting or delmeating her transit over the Sun’s disc, as
will appear further on.

To fiud the Sun’s horizontal parallax at the time of his mean
distatice from the Earth, say, as 1000 parts, the Sun’s mean
distance from the Larth's centre, is to 1015, his distance there-
from on the day of the transit, so is 107.8493, his horizontal
paallax on that day, to 10”.5045, his horizontal parallax at
the tinie of hi~ mean distance from the Larth’s centre.

422. The Sun’s parallax being thus (or any other way sup-
pnud to be) found, at the time of his mean distance from the

Farth, we inay find his truc distance therefrom, in semidiame-
" ters ol' the Earth, by the following analogy. As.the sine (or tan-
gent of so small an arc as that) of the Sun’s parallax 10”.5045
is to radius, so is unity or the Earth’s semidiameter to the num-
ber of sewidiameters of the Harth that the Sun is distant from
ite centre, which number, being multiplied by 3985, the num-

* ‘T, prove this, let §.be the Stm (Fig. 3), ¥ Veus, 4 B the Earth, C its cen-
tre, and .1 € its semtidiameter. "The angle 4 ¥ U is the horizontal parallax of Ve.
mn,‘nnddSt‘ﬂnhoﬂmhlpnﬂuehh.Sun But by the propesty of plane
trisng¥es, (Playfuit's Enclid, Plane Trig. Prop. 1i) as the sino of 4 ¥ C (or of
K l’Aituupplanmtwijhtoﬂ:eaimof.{sc.aoudswd ¥, aud g0 is
C S ta C VeuN. B. I ull anglot less than s minute of » degree, the sines, tan-
geuts, and ares, #re 80 dearly equialy that they may without error be ueed for one
‘another, Amm.emud&m.wmwmmu
the sines 10 cvery sesond bf & degree,

YOL. 11, - D
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ber of miles. contuined in the Earth’s semidiameter, will give
the, number of miles by which the Sun is distapt from the
Earth's centre.

Then, by § 429, as 100000, the Earth’s mean distance from
the Syn in parts, is to 38710, Mercury’s mean distance frpm
the Sun in parts, so 1s the Earth’s mean distance from the Sun
in miles to Mercury's mean distance from the Sun mn miles.—
And,

As 100000 15 to 72333, so0 is the Earth’s mean distance from
the Sun m miles to Venus's mean distance from the Sun n
miles.—Likewise,

As 100000 1s to 152369, so 15 the Earth’s mean distance from
the Sun in mles to Mars’s mean distance from the Sun m
miles — Again,

As 100000 15 to 520096, so s the Earth’s mean distance
from the Sun 1n miles to Jupiter's mean distance from the Sun
i miles.—Lastly,

As 100000 1 to 954006, so 1s the Earth’s mean distance
from the Sun in miles to Saturn’s mean distance from the Sun
n miles.

And thus, by having found the distance of any one of the

from the Sun, we have sufficient data for finding the
dintances of all the rest. And then, from their apparent dia-

meters at these known distances, their real diameters and bulks
may be found.

423. The Earth’s diameter, as seen from the Sun, subtends
an angle of double the Sun's horizontal parallax, at the time of
of the Earth’s mean distance from the Sun ; and the Sun’s dia-
meter, as seen from the Earth at that time, subtends an angle
of 32 2, or 1922”. 'Therefore, the Sun’s cdiameter is to the
Earth’s diameter, as 1922 is to 21. And since the relative bulks
of spherical bodies are as the cubes of their diameters, the Sun's
balk is to the Earth's bulk, as 756058 is to 1; supposing the
Sun’s mean horizontal parallax to be 10”.50, as above.
ng;hv. 4%4. 1t is plain by Fig. 4, that whether Vefrushe

¢ at Uor 7, orin any other part of the right.lue

B 7V S, it will make no difference in the time of her totpl in-
gress on the Sun at S, as seen from B; but as seen from 4 it
Jwill  For, if Venus be at 7, her hotisontal paraliax from the

Sum is the ave F ¢, which ures the F Ae: butifshe
ﬁmﬁuh&,uuﬁdh«hﬂwﬂh from the
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Sun is the arc fe, which measures the angle /4 o; and this
angle is greater than the angle F 4 ¢, by the difference of theit
measures ' F. So that, as the distance of the celestial object
from the Eanth is less, its parallax'is the greater.

4%5. To tind the parallax of Venus by the above method, it
is necessary, 1, That the difference of meridians of the two
places of observation be 90°; 2, That the time of Venus’s to-
tal ingress on the Sun be when his eastern limb is either on the
meridian of one of the places, or very near #t; and, 8, That
each observer has his clock exactly regulated to the equal time
at his place, But as it might, perhaps, be difficult to find two
places on the Earth suited to the first and second of these re-
quisites, we shall show how this important problem may be
solved by a aingle observer, if he be exact as to his longitude,
and has his clock truly adjusted to the equal time at his place.

426. That part of Venus's orbat in which she will move
durmg her transit over the Sun, may be considered as a
straught hne; and, therefore, a plane may be conceived to pass
both through it and the Karth’s centre. To every place on
the Earth’s surface cut by this plane, Venus will be seen on
the Sun in the same path that she would describe as seeh from
the Earth’s centre - and therefore she will have no parallax of
Iatitude, cither north or svuth ; but will have a greater or less
parallax of longitude, as she is more or less distant from the
meridian, at any time during her transit.

Matura, a town and fort on the south coast of the island of
Ceylon, will be in this plane at the time of Venus's total ingress
on the Sun; and the Sun will then be 62}° east of the meridian
of that place. Consequently, to an observer at Matura, Venus
will haye a considerable parallax of longitude eastward from the
Sun,. when she would appear to touch the Sun's eastern limb
as secen from the Earth’s centre, at which the astronomical tables
suppose the observer to be placed, and give the times as seen
from thence. . ) .

497. According to these tables, Venus's total ingress on the
Suh will be 50 minutes after VII in the morning at Maturs,®
suppasing that place to be 80° east longitude from the metidian

S THE time of total ingreas at London, as seen from the Earth’s centre, is at 30
mm.mnmmm;mxmumwmamwm‘m
east of London, when i# is 30 minae past LI ju the mething at London, it is 59
munutes pat VIE at Matuta.
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of Loodon ; which is the observer’s business to determine. Let
ns imagine that he finds it to be exactly so, but that to him the
total ingress is at VII hours 55 minutes 46 seconds, which is 5
minutes 46 seconds later than the true calculated time of total
ingress, as secn from the Earth’s centre.  Then, as Venus's
motion on (or towards, or from) the Sun is at the rate of 4
minutes of a degrce 1n an hour (by § 418), Her motion must be
28".1 of a degree in 5 nunutes 46 scconds of time; and this
28°.1 15 her parallax eastward, from her total ingress as seen
from Matura, when her ingress would be total of seen from the
Earth’s centre.

428. At VII hours 50 minutes in the morming, the Sun is
62}° from the mendian; at VI in the mormng he 15 90° from
it : therefore, as the sme of 62}° is to the sme of 2371 (which
iy Venuv's parallax fiom her trae place on the Sun at VIT hours
50 minutes) 50 I1s radius, or the sme of 90°, to the sine of 267,
which is Venus’s horizontal parallux from the Sunat VI. In
loganthms thus :—

As the loganthmic sine of 62° 30 vevcvveesersnsciseaens + cevee 99479280

Is to the loganthoue mne of 23”1 acrvees veees o civesees seeeee 60481510
So is the loganthmuc radius esoeestnes saesanne 10.0000000
‘To the loganthmic amne of 26” very neatly .....cccocenees o 0.1002221

Divide the Sun’s distance from the Earth, 1015, by his dis-
tance from Venus 726 (§ 12), and the quotient will be 1.3980;
which being multiplied by Venus's horizontal parallax from the
Sun 267, will give 867.3480, for her horzontal parallax as
scen from the Karth at that time. Then (by § 421) as the
Sun’s distance 1015 is to Venus's distance 289, so is Venus’s
horizontal parallax 36”.3480 to the Sun’s horizontal parallax
107.3498. If Venus's horizontal parallax from the Sunis found
by observation to be greater or less then 26”, the Sun’s horizon-
tal parallax must be grefiter or less than 107.3493 accordingly.

429. And thus, by a single observation, the parallax of
Venys, and conseduently the parallax of the Sun, might“be
found, if we were sure that the sstronomical tables were quite
correct as to the time of Venus's total ingress on the Sun.
But although the tables may be safely depended wpon, for
‘shewing the true duration’ of the transit, which will not Be
quite 6 hours from the time of Venus's total ingress on the
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Sun’s eastern limb, to the heginning of her egress from his
western; yet they may perhaps not give the true times of
these two intermal contacts: like a good common *tlock, which
though it iay be trusted to for measuring a few hours of itme,
yet perhaps it may not be quite adjusted to the meridian of the
place, and consequently not true as to any one hour; which
cvery one knows is generally the case.  Therefore, to make sure
work, the obscrver ought to watch both the moment of Venus's
total ingress on the Sun, and her beginning of egress from him,
50 as to note precisely the times between these two instants, by
means of a good clock : and by companng the mterval at his
place with the true calculated interval as seen from the Earth’s
centre, which will be 5 hours 58 minutes, he may find the
parallax of Venus from the Sun both at her total ingress and
beginning of egress. ’

430 'Fhe manner of observing the transit should ethod of
be as follows —The observer being provided with a observing the
good telescope, and a pendulum clock well adjusted traost.
to the mean diurnal revolution of the Sun, and as near to the
time at his place as conveniently may be; and having an as-
sistant to watch the cloch at the proper times, he must begin to
observe the Sun’s eastern lmb through s telescope, twenty
mmutes at least before the computed time of Venus's total -
gress upon it, lest there should be an error in the time thereof,
as given by the tables.

When he perecives a dent (as & were) to be made in the
Bun’s limb by the mterposition of the dark body of Venus, he
must then continue to watch her through the telescope as the
dent increases ; and his assistant must watch the time shewn by
the clack, till the whole body of the planet appears just within
the Sun’s limb : and the moment when the bright limb of the
Sun appears close by the east side of the dark limb of the
planet, the observer, having a little hammer in his hand, is to
strikg a blow therewith on the table or wally the moment of
which, the assistant notes by the clock, and writes it down.

*Then, let the planet pass on for about 2 hours 59 minutes,
in“which time it will be got to the middle of its apparent path
on'the Sun, and consequently will thén be at its least apparent
distance from the Sun's centre; at which time, the observer
must take its distance from the Sun's centre, by mesns of a
good micrometer, in order to ascertain its true latitude ar de-
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clination from the ecliptic, and thereby find the places of its
nodes.

This done, there is but little occasion to observe it any
longer, until it comes so near the Sun’s western liml;, as almost
to touch it. Then the observer must watch the planet carcfully
with bis telescope; and his assistant must watch the clock, so
as to note the prease moment of the planet’s touching the Sun’
limb, which the assistant knows by the observer striking a
blow with his hammer.

431. The asustant must’ be very careful i obeerving what
minute on the dial-plate the minute-hand has past, when he
has observed the second hand at the inatant the blown was struch
by the hammer; otherwise, though he be right as to the num-
ber of seconds of the current minute, he may be apt to mahe a
mistahe’in the number of mnutes

432. To those places where the transit begme before XIT at
noon, and ends after it, Venus will have an castern patallax
from the Sun at the beginning, and a western prallax from the
Sun at the end : which will contract the duration of the tianwat,
by causing it to begin later, and end <ooner at these places,
than it does’ as scen from the Farths cntre; which may be
explained m the following manner —

Fig. 5 In Fig 5, of Plate XIV, let B M A bethe Earth,

* ¥ Venus, and § the Sun  The Farth’s motion on
its axis from west to cast, or in the direction 4 M B, carrics an
observer on that side contrary to the motion of Venus in her
orbit, which is in the direction {* I ¥, and will therefore cause
her motion te appear quicher on the Sun’s dise, than it would
appear to an observer placed at the Earth’s centre C, or at
either of its poles. For, if Venus were to stand still in her
orbit at ¥ for twelve hours, the observer on the Earth's surface
would, in that time, be carried from 4 to B, through the arc
A M B. When he was at 4, he would see Venus on the Sun
at B; when at J, he would see her at §, and when he was at
B, he would see her at 7": so that his own motion would cause
the planet to appear in motion on the Sun through theline
RS T: which bemg in the direction of her apparent motiofi on
the Sun as she moves m her orbit U W, her motion will be ac-
celerated on the Sun to this observer, just as much as his own
motion would shift her apparent place on the Sun, if she were
at rest in her orbit at V.
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But as the whole duration of the tramsit, from first to last
internal contact, will not be quite six hours ; an observer, who
_ has the Sun on his meridian at the nviddle of the transit will bé
carried an) from & to & during the whole time thereof. And
therefore, the duration will be much less contracted by his ewa
motion, than if the planet were to be twelve hours in passing
over the Sun, as seen from the Earth’s centre.

433. The nearer Venus is to the Earth, the greater is her
parallax, and the more will the true duration of her transit be
contracted thereby ; the farther she is from the Earth, the con-
Jrary ; so that the contraction will be in direct proportion to the
parallax. Therefore, by observing, at proper places, how much
the duration of the transit is less than its tsue duration at the
Farth's centre, where it is 5 hours §8 minutes, as given by the
astronomical tables, the parallax of Venus will be ascer,
tained.

434. The above method (§ 17, & scg.) is much the same as
was prescribed long ago by Doctor Halley, but the calcula.
tions differ considerably from his; as will appear in the next
article, which contams a translation of the doctor’s whole dis-
sertation on that subject. He had not computed his own tables
when he wrote it, nor had he time before-hand ¢o make a suf-
ficient number of observations on the mofion of Venus, so as te
determine whether the nodes of her orbit are at rest or no; and
was therefore obliged to trust to other tables, which are now
found to be erroneous.

Axr. IIL.—~Containing Dr. Halley's Dissertation on the me.
thod of finding the Sun’s parallax and distance flom the
Earth, by the transit of Venus over the Sun's disc, June 6,

"1761. Translated from she Latin in Motie's Abridgwent of
the Philosophical Transactions, Vol. I, p. 243; with addi-
tional notes.

°485. There are many things exoeedingly para- m
doxtieal, and thet seem quite incredible to the illi- of

terate, which yet by means of mathematical prin- mmw...
_ mgy be easily solved. Scarce sny prohlemn tasce

will sppear more hard and difficult, than that of determining

the distance of the San flom the Eavth very trear the truthg
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but even this, when we are made acquainted with some exact .
observations, taken at places fined upon, and chosen before-
hand, will without much labour be effected. And this is what
¥ am now desirous to lay before the Royal Societf (which I
foretel will continue for ages), that I may explan before-hund
to young astronomers, who may perhaps hive to obeerve thew
things, the method whereby the mumense distance of' the Sun
may be truly obtained, to withm a five-hundredth part of what
it really 1.
Vanousopi- _ 336. It 1 well known that the distance of the
monsamong  Sun from the Earth is by different astronomers sup-,
hout the dtw. Posed different, according to what was judged most
wace of the probable from the best conjecture that each could
Bam, form. Ptolemy and his followers, as also Coperm-
cus and Tycho Brahe thought 1t to be 1200 <enndiameters of
the Earth ; Kepler 8500 nearly , Ricavlus doubles the distance
mentioned by Kepler, and IHevelws only wereases 1t by one-
half. But the planets Yenus and Metcwrv having, by the as-
sistance of the telescope, been «cen on the diw of the Sun, dc-
prived of their borrowed brghtness, 1t 1s at length found that
the apparent diameters of the plancts aic much less than they
were formerly. supposed ; and that the senudiamicter of Venus
seen from the Sun sMbtends o more than a fourth part of
minute, or fifteen seconds, whilst the semudhameter of Mercury,
at its mean distance from the Sun, 15 seen under an angle only
of ten seconds ; that the senudiameter of Saturn scen from the
Sun, a s under the same angle; and that the senndiame-
ter of Jupiter, the largest of all the planets, subtends an angle
of no mere than a third part of a mmute at the Sun. Whence,
kecping the proportion, some modern astionomers have thought,
that the semidiameter of the Karth, <een from the Sun, would
eubtend a 1ean angle between that larger one subtended Dy
Jupiter, and that smaller one subtended by Saturn and Mer-
-cury; and equal.to that subtended by Venus (namely, fiftcen
seconds) : and have thence concluded, that the Sun is distant
from the Earth almost 14,000 of the Earth’s scmidiameters
But the same suthors have, on another account, somewha: in-
creased this distance: for, inasmuch ag the Moon’s diameter is
a little more than a fourth part of the diameter of the Earth,
# the Sun’s parallax should be supposed fifteen seconds, it
would follow, that the body of the Moon is larger than that of
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Mercury ; that is, that a sccondary planet would be greates
than e primary, which would scem inconsistent with the uni-
formity of the mundane system. And, on the contrary, the
same regMarity and uniformity seems scarcely to admit, that
Venus, an inferior planet, that has no satellite, should be greater
than our Earth, which stands higher in the system, and has
such a splendid attendant. Therefore, to observe a mean,
let us suppose the semidiameter of the Earth seen from the
Sun, or, which is the same thing, the Sun’s horizontal parallax,

to be twelve seconds and a half’; according to which, the Moon
will be less than Mercury, and the Earth larger than Venus;
and the Sun's distance from the Earth will come out nearly
16,500 of the Larth’s semidiameters. This distance I asseat
to at present, as the true one, till it shall become certain what
it 15, by the «xperiment which I propose. Nor am I induced
to alter my opnon by the authority of those (however weighty
it may be) who are for placing the Snn at an imwense distance
beyond the bounds here assigned, relying on observations made
upon the vibrations of a pendulum, in order to determine those
ceveeeding small angles; but which, as it seems, are not suffi-
cient to be dvpvmled upon: at least, by this method of javesti-
gating the ]mrullnx, it will come out sowmetincs nothing. or even
negatne; that is, the distance would eitfier become infinite, or
greater than infinite ; which is absurd. Aund indeed, to con-
fess the truth, it is hardly possible for a man to distingwish,
“with any degice of certainty, seconds, or even ten seconds, with
instruments, let them be ever so skilfully made: therefore, it
1s not at all to be wondered at, that the excessive nicety of this
matter has eluded the many and ingenious endmwonrs of such
shilful, operators.

487. « About forty years ago, whilst I was in the” When D
ifland of St. Helena, obscrving the stars about the lim‘:
south pole, I had an opportumty of observing, with transic of
the greatest diligence, Mercury passing over the disc g“.‘i"“dzuﬁg
of the Sun; and (which suceceded better than I fir: thought
“cobild have hoped for) I observed, with the greatest of thence de-
degsee of accuracy, by means of a telescope 24 feet Sun's du-
long, the very moment when Mercury, entering up- e
on the Sun, secmed to touch its limb within, and also the mo-
mem when going off, it struck the limb of the Sun’s dic, form-
ing the angle of interior contact; whence I found the interval
of time, during which Mercury then appeared within the Sun’s
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dise, even without an. error of one second of.‘tishe. Fot fhe
lucid line intercepted between the dark litmb.of the placet and
the bright limb of the Sun, although though exoendingly fine, is acen
by the eye; and the little dent made in the Bun’s' limb, by
Mercury's eatering the disc, appears to vanish in a moment ;
and aldo that made by Mercury, when leaving the disc, scems
to begm in an instant. When I perceived this, it jmmediately
came into my mind, that the Sun's parallax might be accurately
determined by such kind of observations as these ;¢ prov:ded
Mercury were but nearer to the Earth, and had # greater pa-
rallax from the Sun: but the difference of these parallaxes is
so little, as always to be less than the solar parallax which we
#vek ; and therefore Mercury, though frequently to be seen on
the Sun, is not to be looked upon as fit for our purpose.”
The 438. There remains then the transit of Venus over
of Venus  the Sun’s disc, whose parallax, being almost four
Tuors suitable times as great as the solar parallax, will cause very
ing the Bun's sensible differences between the times in which Ve-
distance. s will seem to be passing over the Sun at different
Mof the Earth. And from these differences, if they be

as they ought, the Sun’s parallax may be determined
eveii'to a small part of a second. Nor do we require any other
instruments for this purpose than common telescopes and clocks,
anly good of their kind 4 and-in the observers, nothmg more is
needful than fidelity, diligence, and a moderate skill in astro-
oy, For there is no need that the latitude of the place
should be scrupulously observed, nor that the hours themselves
should be accurately determined with respect to the meridian:
itis sufficient that the clocks be regulated according to the mo-
pon‘of the heavens, if the times be well reckoned from the total
ingress of Venus into the Sun’s disc, to the beginning of* her
egress from it} :that is, when the dark globe of Venus first be-
gins to touch the bright limb of the Sun within; which mo-
tients, L know by my own expenence, may be obumed within
s pecond of time.
Transits of MBntonaemuntofﬁwvaymhmby
Vs wlki: iv!mnh the miotions of the planets are regulated,;'Ve.
*‘W“ nus is seldom seen mthm the Sun’s disc: and dur-

O
T

'+ dmmwn.‘lm s, first pointed out, in his
ﬂn&mmmpwh ﬂnyut‘tmeddnminol

b { Moloury in determining the Buni punlhx. Set Enaxr. Excycro-
l‘;mu Gaxookt; voh x, p. W7mEd. ‘
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ing the course of more than 120 years, it could mot be seen
once ; ly, from the year 1639 (when this most pleasing
.sight happened to that excellent youth Horrox our countrye
man, and t him only, since the creation) to the year 1761 ; in
witich year, according to the theories which we have hitherts
found agreeable to the celestial motions, Venus will again pass

" over the Sun on the 26th of May (6th June new style), in the
morning ; so that at London, about six o'clock in the morning,
we may expect to see it near the middle of the Sun’s disc, and
not above four minutes of a degree south of the Sun’s centre.
But the duration of this transit will be almost eight hours;
namely, from two o'clock 1n the morning till almost ten. Hence
the mgress will not be visible in England ; but, as the Sun will
at that ume be 1 the 16th degree of Gemini, having almost 28
degrees north declination, it will be seen without setting at all
n almost all parts of the north frigid zone: and therefore the
mhabitants of the coast of Nerway, beyond the city of Nidro-
<14, which is called Diontheim, as far as the North Cape, wilt
be able to ohserve Venus entering the Sun’s disc; and perhaps
the mgress of Venus upon the Sun, when nsing, will be seen
by the Scotch, in the northern parts of the kmgdom, and by
the inhabitants of the Shetland isles, formerly called Thule.
But at the time when Venus will be nearest the Sun’s centre,
the Sun will be vertical to the northern shores of the bay of’
Bengal or rather over the kingdom of Pegu; and therefore in
the adjacent regions, as the Sun, when Venus enters his disc,
will be almost four hours toward the east, and as many toward
the west when she leaves Tum, the apparent motion of Venus
on the Sun will be accelerated by almost double the horizoutal
parallax of Venus from the Sun; because Venus at that time
is carried with a retrograde motion from east to west, whilst an
eye placed upon the Earth’s surface is whirled the contrery
way, from west to east.®

% This has been already taken notice of in § 4323 but I shall here endeavour s
explamn 1t more at large, together with some of the following part of, the doctor’s es-
say, by a figure.

In"Fig. 4, of Plato XV, let C be the centre of the Earth, and ¥ thecentre of
the Sun. In the vight lne Co &, make v Z to C Z as 726 is to 1009 (§ 420).
Let acbd be the Earth, v Venus's place m her orbit a¢ the tune of her conjuncton
with*the Sun; and Jet 7S U be the Sun, whose diameter is 31/ 437,

The motion of Venus in her orbit is in the direction N'v 4, sd the Earth’s mo.
tion on jts axis 15, according to the order of the 24 hours placed around 1t in the
figure.  ‘Therefore, supposing the mouth of the Granges ¢ be at G, when Venus. is



234 - METHOD 6F FINDING THE ntsnn‘czs- cR. X111,

440. Supposing the Sun's parallax (as we Wwdy,ﬁn be
12} the parallax of Venus will be 487 from whigh sub.

uzﬁnmmgam»hewmcmgwum'.mmmm‘
whilet*Veivus thoves from. Z to ¢ i her orbit ; it is"plain, tas the motibns of Venus
ndﬁnﬁu.nmmmywanb«hm

Thcmmﬁanowammhuubk,mqumﬁyﬁemdmm:w
run over on the Sun’s disc in any given time, conld be seen only from the Earth's
centre C, which is at rest with respectto iis surface. And as seen from €, her path
en the Sun would be in the right live 7°¢ &; and her motion therein at the tate of
four minutes of a degree in an hour. 7is the point of the Sun’s esstern limb, which
Venus scems to touch at the mement of her total ingress on the Sun, as scen from
C, when Venus is at £ in her orbit; and U'ls the point of the Sun's western imli,

Mm-mmdlumpwdhwhpnhgd‘mﬁomthes“,
Mmc,vhenshcun:einhnm

‘When the mouth of the Ganges is at m (in revolving through the arc G mg) the
8an is on its meridian. Therefore, since € and g are equally distant from m at
the heginning and ending of the transit, it is plain that the Sun will be as far east
of the mevidian of the Ganges (at G), when the transit’ begins, as it will be west
of the meridian of the same place (revalved from G to g) when the transis ends.

But altheugh the bheginning of the transit, er rather the moment of Venus's

total ingresa upon the Sun at T, as seen from the Earth's centre, inust be when
Venua is at E'in her orbit, because she is then seen in the direction of the right
Ene QBT yet, at the same insiant of time, as seen from the Ganges at G, she
will be short of her ingress on the Sun, being then scen eastward of him, in the
zight line G E K, which makes the angle X £ T (equal te the oppasite angle G EC),
with the right line CE 7. This angle is called the angle of Venus’s paraliax from
the Sun, whicl retards the beginning of the transit as seen from the banks of the
Ganga; o that the Ganges G must advance a little farther towards m, and Ve-
Rué must move on & her orbit from & to R, before she can be seen from G (in the
light.ﬁuaﬂﬁ wholly within the §un's disc at- 1.
./ 'YWhen Venuscomes to ¢ in her orbit, she will appear at U, as seen from the
M’t centre C, just beginning to leave the Sun ; that is, at the Beginning of her
w!wmhhwunemlimb buf, at the samec instant of time, as seen from the
Giinges, which is-then at g, she will be quite clear of the Sun towards the west;
being then seen from g in the right line g L, which makes an snﬂc,nval,
gequsl to the gpposite angle C ¢ g) with the right line C ¢ U; and this is thenngle
af"m’ mm&s-lx,umfmm the Ganges st g, when she is
mmmnmgh'hmﬂu Sun at U, -as seen from the Earth's centre €.

: Here ix is plain that ‘@ duration of the transit about the mouth. of the Ganges
"tand aleo jn the neighbouting places) will be diminished by about double the quan-
‘wd’i’mwtp‘iﬂﬁmm@mu&m bagmningwdmdingolcbetnnm.
mmgM%c;mamammahm«mmum
Gom the Gungsh. at G, WMqumﬁythxm&JSun
attmm is the anglé X £ 7. [This sngle, in fact, is enly 23, though
*guwmmghmmtha%mmhnum therein is » vast deal
'p#“] Now, ﬂﬁﬂﬂm#@uﬂd ¥ jn an hour, she will move 23”

vies 48 scoinle's and thecefive i toxnsit willibe_ 5. minutes 45 .seconds
u&ew«mbmm.mwm’. cmtre. . When
hwhmﬂ%wmh the Earth's centre at C, Venu will be
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. ing the parallax of the Sun, there will remain 80" at Jeast
for thy horizontal parallax of Venus from the Sun; and there-
otion of Venus will be increased 45” at least by that
ilst she passes over the Sun’s disc, in those eleva-
tions of the pole which are in places near the tropic, and yet
more én the neighbourhood of the equator. Now, Venus at
. that time will move on the Sun’s disc, very nearly at the rate
of four minutes of a degree in an hour! and therefore eleven
minutes of time at least are to be allowed for 46", or three-
fourths of a minute of a degree; and by this space of time the
duration of shis.cclipse caused by Venus will, on account of
the parallax, be shortened; and from this shortening of the
time only, we might safcly enough draw a conclusion concern-
ing the parallax which we are in search of, provided the dia-
mcter of the Sun and the latitude of Venus were accurately
known. But we cannot expect an exact computation in a mat-
ter of such subtility.
$41. We must endeavour therefore to obtam, if possible,
another observation, to he taken in those places where Venus
will be in the middlc of the Sun’s disc at midnight ; that is, in
places under the opposite mendian to the former, or about six
hours or ninety degrees west of London; and where Venus
enters upon the Sun a little before its setting, and gues off a
little after its rising. And this will happen under the above-
mentioned meridian, and where the elevation of the north pole
is ubout 56 degrees; that is, in a part of Hudson’s Bay, near
a place called Port-Nelson. For, in this and the adjacent
places, the parallax of Venus will increase the duration of the
transit by at least siv minutes of Gime; because, whilst the
Sun, from its setting to its 1ising, seems to pass under the
pole, those places on the Earths disc will be carried with a
notion from east to west, contrary to the motion of the Ganges;
that is, with a motion conspiring with the motion of Venus;

quite clear of the Sun (by the whole quantity of her western parallax from him),
«wﬁoqﬂheGmp, which is then at g; and this parallax will be 22%, equad
so the spacothrough which Venus moves th & minutes 30 seconds of time ; so that
the tdnsit will end 5§ minutes sdoner as seen from the Ganges, than as seen from
the Farth's centre. )

Hence the whole contraction of the'duration of the transit at the mouth of the
Gartges will be 11 minutes 15 soconds of time ; for 1t is 5 mimases 45 seoonds at
the beginning, and 5 minutes 30 seopnds at the cnd.
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and thitefomVennswill seem to move more dmrlyn &eﬂun,
and%obelmgetmpmngoverhmdmc.‘ o
442. If, therefore, it should happen thtttb'i
hmperlyoha‘wved by skilful persons at bétk;th
it is clear that the duration thereof will be 17 minutes
um«ﬁml’wt-Nehm, than as seen from the East I
Nor is it of muchconm;nence (if the English shall at that tlme
give any attention to this affair), whether the obeervation be
made at Fort-George, commonly called Madras, or st Ben-
coolen, on the western shore of the island of Sumatra, near the
equator. But if the French should be disposed to take any pains
‘hesein, an observer may station himself conveniently enough at
y on the west shore of the bay of Bengal, where
-the altitude of the pole is about twelve degrees. As to the
‘Putch, their celebrated mart at Batavia will afford them a

place of olservation fit encugh for this purposc, provlded they
also hate but a disposition to assist in advancing, in this par-

& In Fig. 1.af Plate XV, let a C be the meridian of the easten mouth of the
Ganges, and $ (' the meridian of Port-Nelson, at the mouth of York River in
Hudson’s Bay, 56° north jutitude. As the meridian of the Ganges revolves from
& 10 ¢, the meridian of Port-Nelson will revolve from & to d ; therofore, whilst the
Glanges revolves from G to g, through the arc Gmg, Port-Nelson revolves the
zentrary way (ss seen from the Sun or Venus) from P w p, through thearc Pap.
Now, as the motion of Venus is from X to ¢ in her orbit, while she scems to
pass aver the Son's disc in the right Yine 7' ¢ U, as seen from the Earth’s centre C,
1t is plaio that, whilst the motion of the Ganges is contrary to the motion of Ve-
aus itiher orbit, and thereby shortens the duration of the transit at that place, the
mﬁPmNﬂmumeumamnmememm and will therefore
ingrease the duration of the transit; which may in some degree be illustrated by
sapposing that, whilst & ship is under sail, if two birds fly along the side of the
«hip in contrary directions to each other, the bird which flies contrary to the motion
-Jtheahgpvm;wbyummm bird will which flies the game way that
abe

13 fine, xupldnbydnﬁguu. fhint the duration oftha transit must be longer
as seen from Port-Nelson, than as seen from the Earthls centre; and longer as
mﬁwnmclmﬂﬁmﬂzmumﬁmthe mouth of the Ganges. For
Port.Nelson must be'st 7, and Vienos st IV ih her orbit, when she sppears wholly

within the Sun 21.7'; and the sawe place must be at p, and Venus at u, when she
sppears at U, beginping 40 leave the Sun. The Ganges must be at G, and Ve
avs ot 1T, uhmduhmmcnpoﬁﬁeﬁuuf;nﬂthmyhumm
beat g, and Vepus at r, wbmdhw%ms“numum&bmg.
80 that Venus'must move frofr N to n inher orbit, whilst she is seen to pass over
the Sun from Fort-Nelson ; ﬁmln:hmm&eﬂnn.umfmmme
Earth's centre ; Moﬂyﬁomﬂmrﬂhﬁ:hmmthﬁnn,umm

e baks of the Ganges. R -
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, the knowledge of the heavens. And indeed I could
many observations of the same phenomenon might
be takey by different persons at several places, both that we
anight arNve at a greater degree of certainty by their agree-
ment, and also lest any single observer should be deprived,
by’the intervention of clouds, of a sight, which I know not
whether any man living in this or the next age will ever
sce again; and on which depends the certain and adequate
solution of a problem the most noble, and at any other time
not to be attained to. I recommend it therefore again and
again to those curious astronomers, who (when I am dead)
will have an opportunity of observing these things, that they
would remember this my admonition, and diligently apply
themselves with all their might to the making this observation ;
and I carnestly wish them all imaginable success; in the first
place, that they may not, by the unseaspnable obscurity of a
cloudy shy, be deprived of this most desirable sight ; and then,
that having ascertained with more exactness the magnitudes of
the planetary orbits, it may redound to their immortal fame
and glory.

443. We have now shewn, that by this method the Sun’s
parallax may be investigated to within its five hundredth part,
which doubtless will appear wonderful to some. But if an accu-
1ate observation be made in each of the places above marked
out, we have already demonstrated that the durations of this
echpse made by Venus, will differ from each other by 17 minutes
of time; that is, upon a supposition that the Sun’s parallax is
12}”. Butif the difference shall be found by observation to be
greater or less, the Sun's parallax will be greater or less, nearly
in the same proportion. And since 1% minutes of time are an-
swerable to 12} seconds of solar parallax, for every second of pa-
rallax there will arise a difference of more than 80 secounds of
time; whence, if we have this difference true to two seconds, it
will be certain what the Sun's parallax is, to within a 40th part
of one second ; ‘and therefore his distance will be determined to

within its 500th part at least, if the patallux be not found less
than_what we have supposed ; for 40 times 12} make 500.
444. And now I think I have explained thls matter fully,
and even more than I needed to have done, to those who 1in-
_derstand astronomy: and I would have them take notice, that
on This occasion I have had no regard to the latitude of Venus,
both to avoid the inconvenience of a more intricate calculation,
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whith Would 'render the conclusion less evident; and alsa~be-
cause the motion of the nodes of Venus is not yet discavered,
‘nor can be determined but by such conjunctions of the planet
-with the Sun as this is. For we conclude that Venaf will pass
four minutes below the Sun’s centre, only in conscquence, of
the supposition that the plane of Venus™s orbit is immoveable
in the sphere of the fixed stars, and that its nodes remain in
the same places where they were found in the year 1639. But
i Venus, in the year 1671, <hould move over the Sun in a
path more to the south, it will be manifest that her nodes have
moved backward among the fixed stars; and if more to the
north, that they have moved forward ; and that at the rate of
5} tinutes of a degree in 100 Julian years for evers minute
that Venus's path <hall be more or less distant than the above-
said four minutes from the Sun’s centre.  And the difference
between the durations of these eclipses will be somewhat less
than 17 minutes of time, on aescount of Venuss south Intitude,
but greater, if, by the motion of the nodes forward, she should
pass on the north of the Sun’s centre.

But, for the sake of those who, though they are delighted
with sydereal observations, may not have yet made themselves
acquainted with the doctrine of parallaxes, 1 choose to explam
the thing a little more fully by a scheme. and also by a caleu-
lation somewhat more accurate.

445. Let us suppose that at London, in the year 1761, on
the 6th of June, at 55 minutes after Vin the mormng, the
Sun will be in Gemini 15 87, and thercfore that at it
centre the echiptic is inclined towards the north, in an dngle of
6° 10': and that the visible path of Venus on the Suns dise
at that time declines to the south, making an angle with the
eeliptic of 8° 28': then the path of Venus will also be inclined
to the south with respect to the equator, intersecting the parhl-
iels of declnation at an angle of 2° 187,  Let us also suppose

7 "This was an oversight in the doctor, occasioned by his placing both the Farth's
axis B (' g <Fig. 2 of Plate XV), and the axis of Venus's orbit C' H, on the same
side of the axus of the ccliptic C &K ; the former making an angle of 6° 10/ there-
with, and the latter an angle of 8¢ 28’; the difference of which angles is dnly 2
18, But the truth is, that the Farth's axis and the axis of Venus's orbit wall
then lic on different sides of the axis of the ecliptic, the fornter making an angle of
£° therewith, and the latter an angle of 8}°. Therefore the swmn of these angles,
whinh is 14,° (and Dot their difference, 2° 18'), is the inclination of Venus's yir
aable yusth to the cquator, and parallels of dechination. v
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thatYenus, at the forementioned time, will be at her least
“distance from the Sun's centre, viz. ohly four minutes to the
south; agd that every hour she will describe a space of four
minutes on the Sun; with a retrograde motion. The Sun’s se-
midiameter will be 15’ 51”7 nearly, and that of Venus 87}".
And let us suppose, for trial's sake; that the difference of the
horizontal parallaxes of Venus with the Sun (which we want)
is 81", such as it comes out if the Sun’s parallax he supposed
12}”. 'Then, on the centre C (Plate XV, Fig. 2), pue XV,
let the little circle 4 B, represcnting the Earth’s Fis- 2.
disc, be described, and let its semidiameter " B be 81”; and
let the elliptic parallels of 22 and 56 degrees of north latitude
(for the GGanges and Port-Nelson) be drawn within it, in the
maunner now used by astronomers for constructing solar eclipses.
Let B C g be the meridian in which the Sun is, and to this
let the right line F H G, representing the path of Venus, be
iuclined at an angle of 2°18'; and let it be distant from the
centre (' 240 such parts, whereof C B is 31. From C let fall
the right line C H, perpendicular to F G; and suppose Ve-
nus to be at H at 55 minutes after Vin the morning. Let
the right line ' H G he divided into the horary spaces 111 IV,
IV V, V VI, &c. cach equal to ¢ H; that is, to four mi-
nutes of a degree. Also, let the right line L M be equal to
the difference of the apparent semidiameters of the Sun and
\ enus, which is 15’ 18}”; and a circle being described with
the radius 1. M, on a centre taken in any point within the
httle circle 4 B, representing the Earth's disc, will meet the
right line F' G in a point denoting the,time at London when
Venus shall touch the Sun's limb internally, as seen from the
place of the Earth’s surface that answers to the point assumed
in the Farth's disc. And if a circle be described on the centre
C, «with the radius L M, it will meet the right line #* G in the
points F and G ; and the spaces #* H and G H will be each
equal to 14 4", which space Venus will appear to pass over in
three hours 40 minutes of time at London; therefore F will
*fall on two hours 15 minutes, and G in nine hours 35 minutes
in the morning. Whence it is manifest, that if thc magnitude
of the Earth, on account of its immense distance, should va-
nish as it were info a point; or if, being deprived of a diur-
nal maotion, it should always have the Sun vertical to the same
point C, the whole duration of this eclipse would be seven hours
voL. 1T, x
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%0 minutes. But the Earth in that time being whirled thigugl
110 degrees of longitude, with a motion contrary to lho notion
of Venus, and consequently the above-mentioned dugition be-
ing contracted, suppose 12 minutes, it will come out seven
hours eight minutes, or 107 degrees, nearly.

446. Now, Venus will be at ZZ, at her least distanee from

the Sun's centre, when in the meridian of the castern mouth of

the Ganges, where the altitude of the pole is about 22 de-
grees. The Sum therefore will be equally distant from the me-
riian of that place at the moments of the ingress and egress
of the planet, viz. 53} degrees; as the points @ and & (repre-
senting that place in the Earth's disc 4 B) are, in the greater

parallel, from the meridian B (' 2. But the diamceter ¢ f of

that parallel will be to the distanee « b as the square of the
radius to the rectangle under the sines of 53} and GR degrees .
that is, as 1" 2’ to 46" 13”. And by a good ealeulation
(which, that I may not tire the reader, it is better to omnt), 1
tind that a circle described on # as a centre, with the radius
L M, will meet the right line £ 21 in the point M, at tvo how~
20 minutes 40 scconds; but that being desersbed round & as a
centre, it will mect Z{ G in the pomt N at nme hours 29 mi-
nutes 22 seconds, according to the time rechoned at Loundon .
and therefore Venus will be seen entirely within the Sun
hanks of the Ganges for 7 hours 8 minutes 42 second<: we
have then rightly supposed that the duration will be 7 howrs
8 minutes, since the part of a minute here is of no conse-
quence.

But adapting the calqulation to Poit-Nelon, 1 find that the
Sun being about to set, Venus will enter his dise; and imme-
diately after his rising, she will leave the same.  That place is
carried in the intermediate time through the hemisphere oppo-
site to the Sun, from ¢ to d, with a motion conspiring with ¢he
motion of Venus; and therefore the stay of Venus on the Sun
will be about 4 minutes longer, on account of the parallax ; so
that it will be at least 7 hours 24 minutes, or 111 degrees of the
equator. And since the latitude of the place is 56 degrees, as
the square of the radius is to the rectangle contained under the
mgnsof 553 and 34 degrees, so is 4 B; which is 1 27,10 ¢d, which
is 28" 88”. And if the calculdtion be justly mdde, it will appear

that a circle described on ¢ as a centre, with the radius 1. M, will.

meet the right line F II in O, at ¥ hours 132 minutes™45 se-
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tonds: and that such a circle, described on d as a centre, will
meet H G in P, at 9 hours 36 minutes 37 seconds ; and there-
fore the duration at Port-Nelson will be 7 hours 23 minutes
%22 seconds, which is greater than at the mouth of the Ganges
hy 15 minutes 10 seconds of time. But if Venus should pass
ovér the Sun without having any latitude, the difference would
. be 18 minutes 40 scconds 3 and if she should pass 4 north of
the Sun’s centre, the difference would amount to %1 minutes
40 «cconds, and will be still greater, if the planet's north la
titude be more increased.

117, From the foregoing hypothesis it follows, that at Lon-
don, when the Sun rises, Venus will have entered his disc;
and that, at 9 hours 37 minutes in the morning, she will touch
the hinb of the Sun internally in going off ; and, lastly, that
she will not entirely leave the Sun till 9 hours 56 minutes.

118, Tt hikewsee follows, from the same hypothesis, that the
centre of Venus should just touch the Sun’s northern limb in
the year 1769, on the 3d of June, at 11 o'clock at night; so
that, on account of the parallax, it will appear in the northern
parts of Norway, entirely within the Sun, which then does not
set to those parts ; whilst, on the coasts of Peru and Chili,
it will seem to travel over a small portion of the disc of the
setting Sun; and over that of the rising Sun at the Molucca
wlands, and i their neighbourhood.  But if the nodes of Ve-
nus be found to have a retrograde motion (as there is some
raason 1o belicve, from some Jater observations, they have),
then Venus will be seen everywhere within the Sun’s dise, and,
will afford a much better method for finding the Sun’s paral-
lax, by almost the greatest difference in the duration of these
! (hpscs that can posslbh happen.

Byt ‘how this parallax may be deduced from observations
made somewhere in the East Indies, in the year 1761, both of
the ingress and egress of Venus, and compared with those
made in its going off with us; namely, by applying the angles
of a tnangle given in specie to the circumference of three
eqjual circles, shall be explained on some other occasion.
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Axr. IV.—Shewing that the whole Method proposed by Dr.
Hulley cannet be put in gractice.

Remerks o 4#90. IN the above dissertation, the doctor has ex-
Dr. Halley's plained his method withr grest modesty, and even

"% with some doubtfulness with regard to its full <uc-
cess. For he tells us that the Sun's parallux nay enly be
determined within its five hundredth part thereby, provnided 1t
be not less than 12}”; that there may be a good observation
made at Port-Nelson, as well as about the banks of the Ganges;
and that Venus does not pass more than four minutes of a de-
gree below the cemtre of the Sun's disc. He has taken all
proper pains not to raise our expectations too high, and vet,
from his wel known abilities and character as a great astrono-
mer, it seems mankind in general have laid greater stress upon
his method than he ever desired them to do. Only, as he was
convinced it was the best method by which tins important pro-
blem can ever be solved, he recommended 1t warmly for that
reason. He had not then made a sufficient number of obser-
vations, whereby to determine with certainty whether the nodes
of Venus's orbit have any motion at all; or, if they have,
whether it be backward or forward with respect to the stars,
and consequently, having not then made his own tables, he was
ebliged to calculate from the best that he could find. But
those tables allow of ne motion to Venus's nudes, and also reckon
her conjunction with the Sun to be about half an hour e
Inte.

450. But more modern observations prove that the nodes of
Venus's orbit have a motion bachward, or contrary to the order
of the signs, with respect to the fixed stars. And this motion
is allowed for in the doctor’s tables, a great part whereof were
made from his own observations. And it appears by these
tables that Venus will be .o much farther past her descending
node at the time of this wransit, than she was past her ascend-
ing node at her transit in Nevember 1639, that iustead of
passing only four minutes of a degree below the Sun’s centre
in this, she will pass almost 10 minutes of a degiee below it:
on,yhich account the line of hér transit will be sv much short-
eped, as will make her passage over the Sun’s disc about an
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hour and 20 minutes less than if she passed only ¢ mi-
nutes below the Sun’s centre, at the middle of her transit.
And therefore her parallax from the Sun will be so much di-
‘minished, both at the beginning and end of her transit, and at
all_places from which the whole of it will he seen, that the
dll{‘erence of its durations, as seen from them, and as sup-
*posed to be scen from the Earth's centre, will not amount te
11 minutes of time.

451. But this is not afl : for although the transit will hegin
hefore the Sun sets to Port-Nelson, it will be quite over before
he rises to that place next morning, on account of its ending
so much sooner than as given by the tables to which the doctor
was obliged to trust ; so that we are quite deprived of the ad-
vantage that otherwise would have grisen from ohservations
made at Port-Nelson,

452. In order to trace this affair through all its intricacies,
and to render it as 1atelhgible to the reader as I can, there will
be an unavoidable necessity of dwelling much longer upon it
than T could otherwise wish. And as it 1s impossible to lay
down truly the parallels of latitude, and the situations of places
at particular times, in such a small disc of the Earth as must
he projected in such a sort of diagram as the doctor has given,
50 as to measure thereby the exact times of the beginning and
ending of the transit at any given place, unless the Sun’s disc
be made at least 80 inches diameter in the projection; and to
which the doétor did not quite trust, without making some
calculations; I shall take a dufferent method, in which the
Earth'’s disc may be made as large as the operator pleases; but
if he makes it only six inches in diameter, he may measure the
quantity of Venus's parallax from the S8un upon it, both in lon-
gitude and latitude, to the fourth part of a second, for any given
tinie and place ; and then, by an easy calculation int the com-
mon rule of three, he may find the effect of the parallaxes on
the duration of the transit. In this, I shall first suppose with
the doctor, that the Sun’s horizontal parallax is 12}”; and
conSequently that Venus's horizontal parallax from the Sun is
31”. And after projecting the transit, so as to find the total
effect of the parallax upon its duration, I shall next shew how
near]y the Sun’s real parallax may be found from the observed
“mteswals between the times of Venus's egress from the Sun, at
particular places of the Earth ; which is the method now taken
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hoth by the English and French astronomers, and is a surer
way whereby to come at the real quantity of the Sun’s paral-
lax, than by obsefving how much the whole contraction of du-
ration of the transit is, either at Bencoolen, Batavia, or I'on-
Aicherry.

ARrT. V.—Shewing how to moject the Transit of Vinus on
the Sun’s Disc, as scen from different Places of the Easth,
so as to find what its visible Duration must e at any sricon
Place, according to any assumed Parallae of the Sun, and
Jrom the observed Intervals between the Times of Vinus's
Egress from the Sun at particular Placos, to find the Sun's
true horizontal Parallar.

Flements of  393. Tu1 clements for this projection are as el

the trangitof  Jow :—

Venus. I. The true time of conjunction of the Sun and
Venus, which, as scen from the Earth's centre, and rechondd
according to the equal time at London, 1, on tho ¢ b of
June 1761, at 46 minutes 17 scconds after V in the mon.
ing, according to Dr. Tlallev'’s tables,

11. The geoeentric latitude of Venus at that time § 453 routh

II1. The Sun’s semidiameter, 15 507,

IV, The semidiamcter of Venus (from the doctors disserta-
tion) 37}". .

V The difference of the senudiamcters of the Sun and V-
nus, 15 124",

VI. Their sum, 16 27} ".

VII. The visible angle which the tranwit-line makes with the
ecliptic, 8 81’; the angular point (or descending noded be-
ing 1° 6 18" castward from the Sun, as seen fiom the
Earth ; the descending node being an ¢+ 14 29 377, as seen
from the Sun; apd the Sun in 1 15° 85 557, as seen from
the Karth.

Vi1l1. The angle which the axis of Venus’s visible path mdaies
with the axis of the ecliptic, 8°31’; the southern half of
that axis being on the left hand (or castward) of the asis
of the ecliptic, as seen from the northern hemisphere of
the Eart!r, which would be to the right hand, as seen fyo
the Sun.
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IX. The angle which the Farth’s axis makes with the axis of
the ecliptic, as seen from the Sun, 6°; the southern half of
the Earth’s axis lying to the right hand of the axis of the

“ ccliptic, in the projection, which would be to the left hand as
scen from the Sun.

X."The angle which the Earth’s axis mahes with the axis

+ of Venuss visible path, 14° 81, viz. the sum of Nos. VIII

and IX.

XL The true motion of Venus on the Sun, given by the tables
as if it were scen from the Earths centre, 4 minutes of a
degree in 60 minutes of tiwe.

451. These elements being collected, make a Afethod or
seale of any convenicut h.ugl.h, as that of Yig. 1 in Rrojectig
1314

Plate X VI, and divide it into 17 equal parts, each Pyate X VI,

whercof shall be taken for a minute of a degree; I'g 1.

then dinade the minute neat to the left hand into 60 equal

parts for scconds, by diagonal lines, as in the figure. The
reason for dividing the scale into 17 parts or minutes 1s, be-
cause the sum of’ the semidiameters of the Sun and Venus ex-

ceeds 16 minutes of a degree.—See No. VL.

1335. Draw the right line 4 C G (Fig. 2) for a
small pait of the ecliptic, and perpendicular thereto
draw the nght line ("= E for the axis of the ecliptic on the
southern half of the Sun’s dise.

156. 'I'ake the Sun's scmidiameter, 15° 507, from the scale
with your compasses; and, with that extent as a radis, set
one foot i € as a centre, and describe the semicircle 4 £ G for
the southern half of’ the Sun’s disc, because the transit is on
that half of the Sun.

457. Take the grocentric latitnde of Venus, & 43°, from
the seale with your compasses; and set the extent from C to .,
on the axis of the ecliptic: and the point v shall be the place
of VYenuss centre on the Sun, at the tabular moment of her
conjunction with the Sun.

458. Draw the right line C' B I3, mahing an angle of & 81
with the axis of the cc.hpnc towards the left hand, and this
line shall represent the axis of Venus’s geocentric visible path
on the Sun.

459. Through the point of the conjunction =, ip the axis of
the celiptic, draw the right line g¢r for the geocentric visible
path of Venus over the Sun’s disc, at right angles to C 2 /),

Tg. =
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the axis of her orbit, which axis will divide the line of-her
path into two equal parts g # and ¢7.

460. Take Venus's horary motion on the Sun, 4, from the
scale with your compasses; and with that extent make marks
along the transit-line g¢7. The equal spaces, from mark_to
mark, shew how much of that line Venus moves through‘ in
each hour, as seen from the Earth's centre, during her conti-
nuance on the Sun’s dise,

461. Divide each of these horary spaces, from mark to
mark, into 60 equal parts for minutes of time; and set the
hours to the proper marks in such a manner that the true e
of conjunction of the Sun and Venus, 46} minutes after V in the
morning, may fall into the point v, where the transit-line cuts
the axis of the ecliptic. So the point v shall denote the place
of Venus's centre on the Bun, at the instant of her echpucal
conjunction with the Sun, and ¢ (in the axis (' D of her orbit)
will be the middle of her transit, which is at 24 minutes after
YV in the morning, as seen from the Earth’s centre, and reckon-
cd by the equal time at London,

462, Take the difference of the semidiameters of the Sun
and Venus, 15 12}, in your compas.cs from the scale, and
with that extent, setting one foot in the Suns centre (', de-
scribe the arcs NV and 7’ with the other, crossing the transit-
line in the points X and /; which are the points on the Sun's
disc that are hid by the centre of Venus at the moments of her
two internal contacts with the Sun's limb or edge, at M and
N : the former of these is the moment of Venus's total ingress
on the Sun, as seen from the Earth's centre, which is at 28
minutes after I1 in the morning, as reckoned at London; and
the latter is the moment when her egress from the Sun begins,
as seen from the Earth’s centre, which i1s 20 minutes after VIII
in the moming at London. The interval between these two
contacts is 5 hours 52 minutes.

" 463. The central ingress of Venus on the Sun i= the mo-
ment when her centre is on the Sun’s eastern limb at , which
is at 15 minutes after II in the morning; and her cemtral
egress from the Sun is the moment when her centre is on the
Sun’s western limb at w, which is at 83 minutes after VIII in
the morning, as seen from the Earth’s centre, and reckoned
sccording to the time at London. The interval between these
tines is 6 hours 18 minutes.
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464. Take the sum of the semidiameters of the Sun and
Venus, 16/ 27", in your compasses from the scale, and with
that extent, setting one foot in the Sun’s centre C, describe

* the arcs Q and R with the other, cutting the transit-line in the
points g and 7, which are the points in open spaee (clear of
thf: Sun), where the centre of Venus is at the moments of her
two external contacts with the Sun's limb at § and W; or the
moments of the begipning and ending of the transit, as seen
from the Earth's centre; the former of which is at 8 minutes
after IT in the morning at London, and the latter at 45 mi-
nutes after VIIT. The interval between these moments is 6
hours 42 minutes.

465, Take the semidiameter of Venus, 371", in your com-
passes trom the scale; and with that extent as a radius, on the
points ¢, k, t, 1, , as centres, describe the circles H S, M 1,
OF, PN, WY, for the disc of Venus, at her first contact at
S, her total ingress at M, her place on the Sun at the middle
ot her transit, her beginning of egress at N, and her last con.
tact at W.

466. Those who have a mind to project the Earth’s disc on
the Sun, round the centre C, and to lay down the pa-
rallels of latitude and situations of places thereon, according
to Dr. Halley's method, may draw C £ for the axis of the
Earth, produced to the southern edge of the Sun at f; and
making an angle E C f of 6° with the axis of the ecliptic CE:
but he will find it very difficult and uncertain to mark the places
on that disc, unless he makes the Sun's semidiameter 4 C 15
inches at least ; otherwise the line ('f is of no use at all in this
projection. The following method is better :—

467., In Fig 3 of Plate XVI, make the line 4 B .pe xV1,
of any convenient length, and divide it into 81 ¥ig- 3
equal parts, each whercof shall be taken for a second of Ve-
nus'’s parallax either from or upon the Sun (her horizontal
rallax from the Sun being supposed to be 81”); and taking
the v{hole length 4 B in your compasses, set ome Lo o
foot in C (Fig. 4) as a centre, and describe the "
circle 4 E B D for the Earth’s enlightened disc, whose dia-
meter is 62¢, or double the horizontal parallax of Venus from
the Sun. In this disc draw 4 C B for a small part of the
ecliptic, and at right anigles thereto draw E C D for the axis
of the ecliptic. Draw also N C'S, both for the Earth's axis
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and universal solar meridian, making an angle of 6° with the
axis of the ecliptic, as scen from the Sun; H C I for the anis
of Venus's orbit, making an angle of 8° 81’ with X C D, the
axis of the ecliptic; and, lastly, ¥ C O for a small part of Ve.
nus’s orbit,. at right angles to its axis.

468. This figure represents the Farths enlightened dise, as
scen from the Sun at the tine of the tramsit.  The parallels of
latitude of London, the eastern mouth of the Ganges, Ben.
coolen, and thesislund of St. Helena, arve laid down m i1, m
the sume manner as they would appear to an observer on the
Sun, if they were really drawn in circles on the Farths sur-
face (like those on a common terrestrial globe), and could be
visible at such n distance. The method of delineating thewe
parallels is the same as already described in the 19th chapter,
for the construction of solar eclipses.

469. The points where the curved lmes (calicd hour-cir-
cles) XTI WV, XN, &c. cut the parallels of latitude, or paths
of the four places above mentioned, are the points at which the
places themselves would appear in the dise, as seen from the
Sun, at these hours respectnely. Whan cither place comes to
the solar meridian XV ¢ Y by the Earth's rotation on ats axis, ot
> noon at that place 5 and tue difference, in absolute time, be-
tween the noon at that place and the noon at any other place,
is in proportion to the difference of longitude of these twq
places, rechoning one hour for every 15 degrees of longitude,
and 4 minutes for cach degree; adding the tune if the longi-
tude be cast, but subtracting it if’ the longitude be west.

470. The distance of cither of these places fiom I (' 1, the
axis of Venuss orbit at any hour or part of an hour, Wing
measured upon the scale 4 B in Ihg. 3, will be equal to Ve-
nus’s parallax in longitude, cither on or from the Sunj and
this parallax, being always contrary to the postion of the pluye,
is castward as long as the place keeps on the left hand of the
axis of the ccliptic, as scen from the Sun ; and westward when
the place gets to the right hand of the axis of the ecliptic.  So
that, to all the places which are posited in the hemisphere I V1
of the disc, at any given time, Venus has an castern parallax of’
longitude ; but when the Earth’s diurnal motion carries the
same places into the hemisphere H O I, the parallax of Venus
is westward,

471. When Venus Las *a parallax tpward the east, as scen
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from any given place on the Earth’s sunface, eithes at the time of
her total ingress or beginning of egress, as secn from the Farth's
centre 5 add the time answering to this parallax to the time of
ingress or egress at the Earth’s centre, and the sum will be the
time thscof, as scen from the given place on the Earfth's surface:
bu‘whm the parallax is westward, subtract the time answering
*thereto from the time of total ingress or beginning of egress,
as seen from the Farth’s centre, and the remainder will be the
time, as scen from the given place on the surface, so far as
it is affected by this parallax.  The reason of this is plain to
cvery one who considers that an eastern parallax heeps the
planct back, and a western parallax carvies it forward, with re.
speet toits true place or position at any instant of timne, as scen
from the Earth’s centre.

¥3.2. The nearest distance of any given place from 77 (' O,
the plane of Venuss ottt at any hour or part of au hour,
bemg measured on the seale 4 B in Fig. 3, will be equal to
Venus's parallay m latitude, which is northward from the true
Ime of her path on the Sun, as seen from the Earth's centre, .
if the given place be on the north wide of the plane of her
athit 17¢" O on the Earth's dise 5 and the contrary, if the given
1 lace be on the north side of that plane ; that is, the parallac
1~ alwayvs contrary to the situation of the place on the Farth’s
disey with 1espeet to the plane of Venus's orbit thereon.

#98. .\s the line of Venus's transit 15 on the southern hemis.
phere of the Sun’s dise, it is plain that a northern parallax in
her lutitude will cause her to describe a longer line on the Sun,
than 1f <he had no such parallax ; and a southern parallax in
lattude will cause her to describe a shorter line on the Sun,
than if she had no such parallax.  And the longer this line is,
the seoner will her total ingressbe, and the later will be her
Leginning of cgress ; and just the contrary, it the line be shorter.
But, to all places situated on the north side of the plane of her
orbit, in the hemisphere 17 A 0, the parallay of latitude is
south ; and to all places situated on the south side of the plane
of her orbit, m the hemisphere ¥ I 0, the parallax of latitude
is north. "Therefore, the line of the transit will be shorter to all
places in the hemisphere ¥V I7 0, than it will be as scen from
the Farth’s centre, where there is no parallax at all 5 and longer

“1p all places in the hemisphere 17 1 O, So that the time an-
swering to this parallax must be added te the time of total in-
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gress as seen fgom the Eerth's centre, and subtracted from the
beginning ofegreas as seen from the Earth's centre, in order to
have the true time of total ingress and beginning of egress as
seen from places in the hemisphere V H O and just the re.
verse for plaees in the hemisphere ¥ 7 O. It was pr-pcr to
mention these circumstances, for the reader’s more casily M.n.
ceiving the reason of applying the times answering to the par: al-
laxes of longitude and latitude in the subsequent part of this
article : for it is their sum in some cases, and their difference in
others, which being applied to the times of total ingres and
beginning of egress as seen from the Earth's centre, that will
give the times thereof as seen from the given places on the
Earth’s surface.

474. 'The angle which the Sun’s scmidiameter subtends, as
seen from the Earth, at all times of the year, has been <o well
ascertained by late obscrvations, that we can make no doubt of
its being 15’ 50" on the day of the transit; and Venus's lani-
tude has also been so well ascertained at many different times of
late, that we have very good reason to believe it will be 9 48~
south of the Sun’s centre, at the time of her conjunction with
the Sun. If, then, her semidiameter at that time he 37}" (as
mentioned by Dr. Hallcy), it appears by the projection (¥ig. 2),
that her total ingress on the Sun as <cen from the Farth’s cen-
tre, will be at 28 minutes after II in the morning (§ 462), and
her beginning of egress from the Sun will be 20 minutes after
¥III, according to the time reckoned at London.

475. As the total ingress will not be visible at London, we
shall not here trouble the reader about Venus'’s parallax at that
jime. But by projecting the situation of London on the Earth’s

. disc (Fig. 4) for the time when the egress begins, we

Fig 4 fnd it will then be ave, as scen from the Sun,

Draw I d parallel to Venus's orbit ¥ C 0, and ! » perpendi-
cular to it : the former is Venus's eastern parallax in longitude
‘at her beginning of egress, and the latter is her southern paral-
Jax in latitude at that time. Take these in your compasses, and

. measure them on the scale 4 B (Fig. 8) and you

Fed i find the pnnllax in longitudg to be 10§, and the

llax in lautude to be 21}"

416. As Venus's true mcmon on the Sun is at the rate of 4
minutes of a degree in 80 minutes of time, (see No. 11 of§453)
say, as 4 minutes of a degree is to 60 minutes of time, so is 103"
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of a degree fo 2 minutes 41 seconds of time ; which being added

to 8 hours 20 minutes (because this parallax is eastward, &

471), gives 8 howrs 22 minutes 41 seconds, for the beginning of

cgress at London, as affected only by this parallax. But, as

Venn hias a southern parallax of latitude at that time, her be-

giugring Y egress will be sooner ; for this parallax shortens the
. hn&of her visible transit at Loundon.

As this parallax of latitude is 211" south, add it to Venus's
latitude 9 437, and the sum will be 10’ 4§”; which is to be
tahen from the scale n ¥ig. 1, and set from C to L in Fig. 2,
And then, if a lime be drawn parsllel to ¢ {, it will terminate at
the pomt p in the arc 7, where Venus's centre will be at the
begmnmg of her egress as seen {rom London.? But as her cen-
tre 1s at / when her egress begins as seen from the Earth’s cen-
tre, take £ p in your compasses, and setting that extent from £
towards f on the central transit-line, yor will find it to be 5 mi-
nutes shorter than ¢ 2: therefore subtract 5 minates from 8
hours 22 nunutes 41 seconds, and there will remain 8 hours 17
minutes 11 seconds for the visible beginning of egress in the
moruing at London.

477 At 5 hours 24 minutes (which is the middle of the
transit as seen from the Earth’s centre) London will be at L on
the Earth's disc (Fig. 4) as seen from the Sun. The .
parallex of longitude £ @ is then 2}”; by which, &
workmg as above directed, we find the middle of the transit, as
seen from London, to be at 5 hours 20 minutes 53 seconds.
This is not affected by the parallax of latitude L & But L ¢
measures 277 on the scale 4 B (Fig. 3); therefore Fig. 3.
take 27’ from the scale in Fig. 1, and set it from ¢
to L, on the axis of Venus's path in Fig. 2, and laying a ruler
to th&po‘mt E, and the above found pomt of egress p, draw
o L p for the line of the transit as seen from London.

478. The eastern wouth of the river Ganges is 89 degrees
east from the meridian of London ; and therefore, when the time
at Londen is 28 minutes after II in the morning (§ 462), it is 24
minutes past VIIL in the morning ¢by § 469), at the mouth of the

7 The reason why the ines o L p, a B, o, and 8, which are the visible transits
at London, Bencoolen, the Ganges mouth, and St. Helena, are not parallel to the
central transit-line k ¢ J, is, because the parallaxes in Iatitude ave different at the times
of.ingrems and egress, as seen from eath of these places. The method of drawing
these lines will be shewn by and by.
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Ganges ; and when it is 20 migutes past VIII in the morung
at Londou (§ 462). it is 16 winates past 11 in the afternoon at
the Ganges. Therefore, by pnucctmg that place upon the
Earth's disc, as scen from the Sun, it will be at G (in kg 4)
at the time of Venus's total ingress, as scen from Lhc b
centre, and at g when her egress begins.

Draw G e and ar p.;rallel to the orbit of Venus I’ € 0,.md
measure them on the scale .f B in Ig. 3; the former will he
21” for Venuss eactern parallax in longitude, at the aboves
mentioned time of her total ingress, and the latter will be 161
for her western paraltay in longitude at the time when her egress
hegins.  The former parallax gives 5 minutes 15 seconds of tine
(by the analogy in § #76) t0 be added to 8 hours 24 nnnntes,
and the latter parallax gives ¢ minutes 11 seconds to he sub-
tracted from 2 hours 16 minutes; by which we have 8 howme
29 minutcs 13 seconds, for the time of total ingress as ~cen from
the banks of the Ganges, and 2 hours 11 minutes 49 wconds
£ v the begmmmyg of cgress, as affected by these parallasc.

Diaw G f perpendicular to b enus's miu(, FoCc, and In
measureent ou the «aale 4 B (e &), it will be touml to
eontain 10 5 which being tahen from the saale in ies 1, and
set off’ wulh\uu d from the pomt of total mgress & (Fie. 2, as
seen from the Farth's centre) purallel 10 the axis of \(nu“
path, it will fall into the pomt ¢ on the are N, Ihaw C'¢, and
tehing the extent £¢ in your compasses, and applying it from
¢ towards 4, you will find it to fall 2 minute short of L. which
shews, that Venus's parallax 1n latitude shortens the beginning
of the lme of her visble transit at the Ganges by one minute
of time. Therefore, as this makes the visible ingress a minute
later, add one minute to the above 8 hours 29 minutes 15 se.
conds, and it will give 8 hours 80 minutes 135 seconds for the
time of total ingress in the morning, as seen from the eastern
mouth of the Gangcs At the begimmng of egress, the paral-
lax of latitude gp is 21" (by measurement of the scale 4 B)
whjch will protract the beginning of egress by about 30 seconds
of time, and must therefore he added to the above £ hours
11 minutes 49 seconds, which will make the visible bcgmmnrr
of ‘egress to be at 2 hours 12 minutes 19 seconds in the af-
ternoon.

479. Bencoolen is 102 degices.cast frqm the meridian of
London; and, therefore, when the time is 28 minutes past II
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in_the morning at Lordon, it is 16 minnutes past IX in the
morning at Bencoolen ; and when it is 20 minutes past VIII in
the morning at London, it is°8 minutes past IIT in the after-
noon at Bencoolen.  Therefore, in Fig. 4, Bencoolen will be
it the time of Venus's total ingress as seen from the Earth’s
cegtre, dnd at b when her egress begins
raw B3¢ and b & parallet to Venuss orbit V€ 0, and mea-
sure ¢ham on the seale: the former will be found to be 227 for
V anus’s castern parallax in longitude at the time of her total
mgress. and the latter to be 19Y for her western parallax in
longitude when her egress begms, as seen from the Farth's
centie The first of these parallanes gives 5 minutes 30 se-
conds (by the anadogy i § 476) to be added to 9 hours 16 mi-
nute L and the latter parallox gnes 4 mmutes 52 seconds to be
sobaacted from 8 hours 8 minutes; whenee we have 9 hours
21 nanvtes o) seconds for the time of total ingress at Bencoo-
len s ad 8 Lours and 8 minutes 8 seconds for the time when
the cgress boans there, as affected by these two parallases.

180. Diaw B2 and dm perpendicular to Venus s orbnt 1 (10,
and measure them on the seale .f B in g, 8- the forma will be
5 for b enuw's northern parallaxin latitude asseen from Beneoolen
at the unie of her total mgress s and the latter will be 151 for
her notthern parallax in latitude when her egress begine, Take
these parallaxes from the scale in Fig. 1, in vour compas-es,
and <et them off' above the central transit-line perpendicular to
the avis of Venus's path ;3 the former from the left hand of &
¢z, Q), to a in the are N, and the latter from the right hand
of' I to h in the are 7'; and draw @ B b for the line of \enus
transit as seen from Bencoolen: the centre of Venus being at a,
as scen from Bencoolen, at the moment of her total ingress;
and gt & at the moment when her egress begins.

But as scen from the Earth’s centre, the centre of Venus 1s
at & in the former case, and at 7 in the latter: so thdt we find
the line of the transit is longer as scen from Beucoolen than ag
scen from the Earth’s centre, which is the effect of Venus's
northern parallax in latitude. Tahe Ba in your compasses,
and sctting that cxtent Backward from ¢ toward g, on the cen-
tral transit-ling, you will find it will rcach two minutes beyond
A thercon: and taking the extent B&in your compasses, and
settimy it forward from ¢ towards =, on the central transit-line,
it will be found to reach 8 minutes beyond 7 thereon.  Conse-
quently, if we subtract 2 minutes from 9 hours 21 minutes 30
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seconds (above found), we have 9 hourf 19 minutes 30 scconds
in the morning, for the time of total ingrcss as seen from Ren-
coolen; and if we add 8 minutes‘to the above found 3 hours 3
minutes 8 seconds, we shall have 3 hours 6 minutes 8 seconds
afternoony for the time when the egress begins as seen,frov
Bencoolen.

481. The whole duration of the transit, from total ingreo to
beginning of egress, as seen from the Earth's centre, 14 5 J.ours
52 minutes (by § 462); but the whole duration from total m-
gress to beginning of egress, as seen from Rencoolen, is only 3
hours 46 minutes 38 seconds ; which is 5 minutes 22 scconds less
than as seen from the Earths centre: and this 5 minutes 22
seconds is the whole effect of the parallaves (both in longitude
and latitude) on the duration of the transit at Bencoolen.

But the duration as scen at the mouth of the Gunges, from
ingress to egress, is still less; for it is only 5 hours 42 mmutcs
4 seconds : which is 9 minutes 56 seconds less than as <ccn
from the Earth’s centre, and 4 minutes 34 scconds less than as
scen at Bencoolen.

482. The island of St. Helena (to which only a small part of
the transit is visible at the end), will be at H (asn g §)
when the egress begins as scen from the Earth’s centre  And
since the middle of that island is G° west from the mendian of
London, and the said egress begins when the time at London
is 20 minutes past VIII 1n the morning, it will then be only
56 minutes past VII in the morning at St. Helena.

Draw H n parallel to Venus's orbit ¥ C O, and Ho per-
pendicular to it; and by measuring them on the scale
4 B (Fig. 8), the former will be found to amount to
29" for Venus's eastern parallax in longitude, as seen from
St. Helena, when her egress begins, as seen from the Karth's
centre; and the latter to be 6 for her northern parallax in la.
titude at that time.

By the analogy in 5 4776, this parallax of longitude gives 10
minutes 2 seconds of time; which being added (on account of
its being eastward) to 7 hours 56 minutes, gives 8 hours G mi-
nutes 2 seconds for the beginning of egress at St. Helena, as
affected by this parallax. But 6" of parallax in latitude (ap-
plied as in the case of Bencoolen) lengthens out the end of the
transit-line by one minute; which being added to 8 hours 6
minutes 2 seconds, gives 8 hours 7 minutes 2 seconds, for the
beginning of egress, as seen from St. Helena.
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483. We shull now sillect the sbovementionsd titnes inte &
small table, that they may be séen at once, as fallows. 3 ¥ig-
nifies morning, a af.temoon.

Total Ingress.] Beg. of Egrem.| Duration,

H. M. 8 |®H M@ & H M. 8

"The Earth’scentre 2 28 OM{8 20 O] 5 53 08
| London ......... Tnvisible {8 17 4l a|— —
The Gangesmounth 8 30 16m|2 12 19A| B 42 ¢
Bencoolen ......... 919 W0u|3 6 B8a| 5 46 38
SL‘Helena veesenses Invimble x| 8 7 2M | o=

484. The times at the three last-mentioned places pe s o
are reduced to the meridian of London, by subtract- projecting
ing 5 hours 56 nunutes from the time of ingress and "
egress at the Ganges: 6 hours 48 minutes from the times
thereof at Béncoolen ; and adding 24 minutes to the time of
beginning of cgress at St. Helena; and being thus reduced,
they are as follows : —

Total Ingress. | Beg. of Egress.
He M. 8 |H. M. 8

Gangesmouth 2 34 15u, 8 16 19» .
Trmes at {Bmcoolen 2 31 Som's 18 OM}I:‘W:;::'
St. Helena .... Invisible mM(8 31 2 x *

485, All this is on the supposition, that we have the true lon.
gitudes of the three last-mentioned places, that the Sun’s hori-
zontal parallax is 12}”, that the true latitude of Venus is given,
and that her semidiameter will subtend an angle of 87}” on
the Sun’s disc.

As for the longitudes, we must suppose them true, until the
observers ascertain them, which is a very important part of their
businegs ! and without which they can by no means find the
interval of absolute time that elapses between either the ingress
or egress, as seen from any two given places : and there is much
greater dependence to be had on this elapse, than upon the

« 8, This duration, as seen from the Earth's centre, is on the supposition that the se-
midinpeter of Venus would be found equal to 374", on the Sun's disc, as stated by
Dr. Halley (see Art. ¥, § 453), to which all the other durations are accommodated.
—Baut, fron later cbaervations, it is highly probable, that the semidiameter of Vesus
will be found not to eaceed 307 oh the Sun: and if #o, the duration between the
$wo integnal contasts, as scen from the Earth’s centre, will be 5 hours 88 minute s
and the durations, as seen from the above-mentioned places,will be ledgthound very
nearly in the same proporton.

voI. 1. r
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whole contraction of duration at any given place, as it wil] un-
J:I\,lbtedly afford a surer basis for determining the Sun's pa-
rallax.

486. I have good rcason to believe, that the lautude of
Venus, as given w § 453, wll be found by olmnat:gmm,}
very near the truth, but that the tme of conjunc ion there
mentioned will be found later than the truc ume by alm st 5
minutes , that Venus’s senndiameter will subtend an angly of no
more than 80” on the Sun’s diee; and that the middic of her
transit, as seen from the Larth’s centre, will be at 24 minutes
after V mm the morning, as rechoned by the equal tume at
London.

487. Subtract 8 hours 17 mmutes 41 <«onds, the tume
when the egress begins at London, from 8 hours 81 nunutes
seconds, the time rechoned at London when the ¢gress begms
at St Helena, and there will remain 13 minutes 21 s«cconds (or
801 seconds) for their difference, or elapse, m absolute tne,
between the beginming of egress as wen from these two
places.

Diide this elapse of 801 scconds by the Sun’s parallax
12}”, and the quotient will be 64 seconds and a small fraction
So that for each secund of a degree m the Sun’s horizontal
parallax (supposing 1t to be 12}"), there will be a diffcrence or
elapse of 64 seconds of absolute tune between the beginomg of
egress as seen from London, and as seen from St Helena - and
consequently 32 seconds of time for every half second of the
Sun’s parallax ; 16 seconds of time for every fourth part of a
second of the Sun’s parallax ; 8 seconds of time for the eighth
part of a second of the Sun’s parallax , and full 4 seconds for
a sixteenth part of the Sun’s parallax

For, m so small an angle as that of the Sun’s parallax, the
arc 1s not senmbly different from either 1ts sine or 1ts tangent:
and therefore, the gnantity of this parallax 1s in direct propor-
tion to the absolute difference 1 the time of egress arising from
it, at different parts of the Earth.

488. Therefore, when this difference is ascertained by good
observations, made at different places, and compared together,
the true quantity of the Sun’s parallax will be very nearly de-
termined. For, since it may be presumed that the beginuing
ofegreuunbeoburvedwxﬂunzsecondnofmred time,
Sun’s parallax may be then found within the 32d part ofase-
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cond of its true quantity; and consequently his distance may
be found within a 400th part of the whole, provided his pardl
lax be not less than 12} ; for 32 times 12} is 400.

. 489. But since Dr. Halley has assured us, that he had ob-
Ravpee’ the two internal contacts of the planet Mercury with the
Sup’s edye so exactly, as not to err one second in the time

So that We may hope to have the absolute interval between the
moments of ler beginning of egress, as seen from London and
from St. Helena, tgue to a second of time; and if so, the Sun’s
parallax may be determuned to the G4th part of a second, pro-
vided 1t be not less than 12} ; and consequently his distance
may be found, within its 800th part, for 64 times 12} is 800 ;
which is sull nearcr the truth than Dr. Halley expected it
might be found, by observing the whole duration of the transit
m the East Indies and at Port-Nelson.  So that our present
astronomers have judiciously resolved to improve the Doetor’s
method, by taking only the interval between the absolute times
of 1its ending at different places.  If the Sun’s parallax be
greater or less than 12}, the elapse or difference of absolute
tme between the beginning of egress at London and St. Helena
will be found by observation to be greater or less than 801 se-
conds accordingly.

490. There will also be o great difference between the ab-
<olute times of egress at St. Helena and the northern parts of
Russia, which would make these places very proper for obser-
vation. The difference between them at Tobolsk in Siberia
and at St. Helena will be 11 minutes, according to de L’Isle’s
map: at Archangel it will be but about 40 scconds less than
at Tobplsh ; and only a mmute and a quarter less at Peters-
burgh, even if the Sun’s parallax be no more than 10}”. At
Wardhus the same advantage would nearly be gained as at
Tobolsk ; but if the observers could go still farther to the east,
as to Yahoutsk in Siberia, the advantage would be still greater ;
for; ag M. de L'Isle very justly observes, in a memoir pre<
sented to the French king with his map of the transit, the dif.
ference of time between Venus's egress from the.Sun at Ya-
koutsk and at the Cape of Good Hope will be 18} minutes
. 491.« This method requires that the longitude of each place
of observation be ascertained to the greatest degree of nicetyy
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and that each ebserver's clock be exactly regulated to the equal
time at his place: for without these phrticulars it would be
impossible for the abservers to reduce the times to those which
are reckoned under any given meridian; and without 1educing
the observed times of egress at different places to thgeatssat
some given place, the absolute time that clapses betweery the
egress at one place and at another could not be found. A B
the longitudes may be found, by observing the cclipaewtf Ju-
piter’s satellites : and a true merididn for regulating .he clock,
to the time at any place, may be had, by obscr ing when any
given star, within 20 or 30 degrees of the pole, is stationary,
with regard to its azimuth, on the cast and west sides of the
pole ; the pole itself being the middle point between these two
stationary positions of the star. And it is not material for the
observers to know exactly either the true angular measure of’
the Sun’s diameter, or of Venus's, in thix case ; for whatever
their diameters be, it will. make no sensible difference m the
obsarved interval between the same contact, as seen from dif-
ferent places.
Plate XVI. 492. In the geometrical construction of transits,
Fig. 3. the scale 4 B may be divided into any given number
of equal parts, answering to any assumed quantity of Venuss
horizontal parallax from the Sun (which is always the difference
between the horizontal parallax of Veuus and that of the Sun),
provided the whole length of the tcale be equal to the semi-
Fig. ¢ diameter of the Earth’s disc m Fig. 4. Thus, if
" we suppose Venus's horizontal parallax from the Sun
to be only 26" (instead of 81”), in which case the Sun’s hori-
zontal parallax must be 10.3193", as in § 20, the rest of the
projection will answer to that scale:.as C' D, which contains
only 26 equal parts, is the same length as 4 B, which ¢ontains
31. And by working in all other respects as taught from §
467 to § 483, you will find the times of total ingress and be-
ginning of egress; and, consequently, the duration of the
transit at any given place, which muat result from such a
parallax. 0
493. In projections of this kind, it may be casily conccived,
that a right line passing continually through the centre of
Venus, and a given point of the Earth, and produced to the
Sun’s dise, will mark the path of Venus on the Sun ‘s seen
from the given point of the Earth; and in this there are three
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cases. 1, When the given point is the Earth’s centre, at
which therc is no pam.l!ax, either in longitude or latitude. 2,
When the given point is one of the poles, where there is no
parallax of longitude; but a parallax of latitude, whose quan-
tii # T8 rasily determined, by letting fall a perpendicular from
yole upon tho planc of Venusa orblt, and sctting off the

motion Mping from the Larth’s diurnal rotation. 3, The last
case is, whidw the given pomnt of the Earth is any point of its
surface, whose lautude is less than 90 degrees : then there is a
parallax 1 latitude proportional to the perpendicular let fall
upon the above-mentioned plane, from the given point; and a
parallax m longitude proportional to the perpendicular let fall
upon the axis of that plune, from the said given point. And
the effeet of this last will be to alter the transit-line, both in
position and length; and will prevent its being parallel to the
central transit-line, unless when its axis and the axis of the
Tarth comeade, as seen from the Sun; which is a thing that
may not happen in many ages.

«ART. V L.—Concerning the map of the transit—Plate XVII.

494. The title of this map, and the lines drawn upon it, to-
gether with the words annexed to these lines, and the numbers
(hour< and nunutes) on the dotted hnes, explain the whale of
1t so well, that no farther deseniption seems requisite.

195. So far as I can examme the map by a good c .

oncerning
globe, tho black curve lines are in general pretty the map of
well laid ‘down, for shewing at what places the tran- i'_'l::;“';’m
sit will begin, or cnd, at sun-rising or sun-setting,
to alk thosc places through which they are drawn, according to
the times mentioned n the map.  Only I question much whe-
ther the transit will begin at sun-rise to any place in Africa,
that is west of the Red Sea; and am pretty certain that the
sSun will not be risen to the northmost part of Madagascar
when the, transit begins, as M. de L'Isle reckons the first con-
tact of Venus with the Sun to be the beginning of the transit.
So that the line which shews the entrance of Venus on the

Sun’s disc at sun.rising, seems to be a little too far west in the
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map, at all places which are south of Asia Minor: but in Eu-
Tope, I think it is very well. )

496. In delineating this map, I had M. de L'Isle’s map of
the transit before me: and the only difference between his man -
and this is; 1, That in his map, the times are computed‘fo'the
meridian of Paris; in tlis they are reduced to the meridia\ of
London. 2, I have changed his meridional projection *into
that of the equatoreal ; by which, I apprehend, that th* black
curve lines, shewing at what places the transit begine;*or ends,
with the rising or setting Sun, appear more naturdll to the eye,
and are more fully scen at once, than in the map from which T
copied ; for, in that map, the lines are interrupted and broken
in the meridian that divides the hemispheres, and the places
where they should join cannot be perceived so readily by those
who are nut well skilled in the nature of stercographical pro-
jections. The hke may be said of many of the dotted curve
fines, on which are expressed the hours and minutes of the be-
ginning or ending of the transit, which are the absolute tunes
at these places through which the hines are drawn, computed
to the meridian of London,

Art. VIL.—Containing an Account of Mr. Horroa's Observa-
tion of the Transit of Venus over the Sun, in the Year 1639;
as it is published in the Annual Register for the Year 1761.

Kepler first 497. When Kepler first constructed his (the Ru-
predicts the - dolphine) tables upon the obrervations of Tycho, he
Venusand 800N became sensible that the planets Mercury and
Merury.  Venus would sometimes pass over the Sun’s disc:
and he predicted two transits of Venus, one for the year*1631,
and the other for 1761, in a tract published at Leipsic in 1629,
entitled Admonitio ad Astronomos, &c. Kepler died some days
before the transit in 1631, which he had predicted was to have
happened. Gaseendi looked for it at Paris, but in vain (~ce
Mercurius in Sole visus, et Venus invisa). Indeed, the im-
perfect state of the Rudolphine tables was the cause that the
transit was expected in 1631, when none could be observed;
amd those very tables did not give reason to expect one in 1639,

when one was really observed, ' .
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498. When our illystrious countryman Mr. Hor- Horex dis-
rox first applied hims'gf to astronomy, he computed coverstheim-
Ephemerides for several years, from Lansbergips's é?t‘:&'
tables. After continuing his labours for some time,
he'Was enabled to discover the imperfection of these tables;

«Jpog which he laid aside his work, intending to -determine the
posifions of the stars from his own observations. Bnt, that the

rt of his time spent in calculating from Lansbergius
thrown away, he made use of his Ephemerides to
point out to Mm the situations of the planets: Hence he fore-
saw when their conjunctions, their appulses to the fixed stars,
and the wost remarkable phenomena in the heavens, would
happen; and prepared himself with the greatest care to ob-
serve them.

499. From this he was encouraged to wait for the I
important observation of the transit of Venus in the ¢ Obecrve the
year 1639; and no longer thought the former part tr=nsitof Ve-
of his time misspent, since his attention to Lansber- )
gius's tables had cnabled hum to discover that the transit would
certainly happen on the 24th of November. However, as these
tables had so often deceived him, he was unwilling to rely on
them entirely, but consulted other tables, and particularly those
«f Kepler: accordingly, in a letter to his friend William Crab-
tree of Manchester, dated Hool, October 26, 1639, he commu-
nicated his diseovery to him, and earnestly desired him to make
whatever olservations he possibly coudd with his telescope, par-
ticularly to measure the diameter of the planet Venus, which,
according to Kepler, would amount to 7 minutes of a degree,
and according to Lanshergius to 11 minutes; but which, ac.
cording to his own propoition, he expected would hardly ex-
cced one minute  He udds, that according to Kepler, the con-
junction will be November 24, 1639, at 8 hours 1 minute a. M.
at Manchester, and that the planct’s latitude would be 14' 107
south : but according to his own corrections he expected it to
happen at 3 hours 57 minutes p. M. at Manchester, with 10/
soutlt latitude. But because a small alteration in Kepler's
numbers would greatly alter the time of conjunction, and the
quantity of the planet’s latitude, he advises to watch the whole
day, and even on the preceding afternoon, and the moring of
the 25th, though he was entirely of epinion that the transit
would happen on the 24th.
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500. After having fully weighed and examined the several
methods of observing this uncommon pNenomenon, he deter-
Horroa's mree mix:ed.to trausmit the Sun's image through a tele-
thod of ob-  8¢0pc into a dark chamber, rather than through a
serving tran- naked aperture, a method greatly commendedh'.y

Kepler; for the Sun’s image is not given sufficient-
ly large and distinct by the latter, unless at a very great"disf
tance from the aperture, which the narrowness of his sjsiaation
would not allow of ; nor would Venus's diameter berwell de-
fined, unless the *uperture were very small; whe cas his tele-
scope, which rendered the solar spots distinetly visible, would
shew him Venuss diameter well defined, and enable him to di-
vide the Sun’s limb more accurately.

501. He described a circle on paper which nearly equalled
six inches, the narrowness of the place not allowing a larger
size; but even thi» size admitted divisions sufficieutly accurate.
He divided the circumference into 860 degrees, and the diante-
ter into 80 cqual parts, each of which were subdivided into 4,
and the whole therefore into 120. The subdivison might have
still been carried farther, but he trusted rather to the accuracy
and niceness of his cye.

His omserva. 002 When the time of observation drew near, he
tions on the adjusted the apparatus, and caused the Sun’s dis-
Teoutof tinct image cxactly to fill the circle on the paper;

and though he could not expect the planet to enter
upon the Sun’s disc before thiee o'clock in the afternoon of the
24th, from his own corrected numbers, upon which he chicfly
relied ; yet, because the calculations in general from other tables
gave the time of conjunction much sooner, and some even on
the 23d, he observed the Sun from the time of its rising to nine
o'clock ; and again, a little before ten; at noon, and at gne in
the afternoon : being called in the intervals to business of the
highest moment, which he could not neglect. But in all these
times he saw nothing on the Sun’s face, except one small spot,
which he had seen on the preceding day; and which also he
afterward saw on some of the following days.

503. But at 3 hours 15 minutes in the afternoon, which was
the first opportunity he had of repeating his obscrvations, the
clouds were entirely dispersed and invited him to seize this fa-
vourable occasion, which secmed to be providentially thrown in
kis way ; for he then beheld the most agreeable sight, a spot
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which had been the object of his most sanguine wishes, of an
unusual size, and of a perfectly circular shape, just wholly en-
tered upon the Sun’s disc on the left side ; so that the limbs of
the Sun and Venus perfectly coincided in the very point of con-
tact.  Jle was immediately sensible that this spot was the pla-
net Venu . and applied himself with the utmost care to prosecute

* hisyobservations.

. And, Furst, With regard to the inchmation, Inclination
he foul, by mcans of a diameter of the arcle set of Venus's
perpendiciyy to the horizon, the plane of the eircle
bemng comewhat rechned on account of the Sun’s altitude, that
Venus had wholly entered upon the Suns dise, at 8 hours 15
minutes, at about 62 degices 30 numutes, (certainly between 60
and 63 degices) rom the vertes toward the right hand. (These
were the appearances within the dark chamber, where the Sun’s
mage and motion of the planet thereon were both inverted and
tavasd)  And this mdimation continued  constant, at least to
«ll sense, tall he had fimshed the whole of his obseryvation.

5035. Secondly, The distances observed afterwards 1ystances be-
between the centics of the Sun and Veggis were as tween the

. centres of the
follow -—At 3 hours 15 mmutes by the cdoch, the Sun and Ve-
distance was 14’ 24”, at 3 hours 85 minutes, the MU=

. distance was 18" 830”5 and at 3 hours 45 minutes, the distance
was 1. The apparent yme of sun-sefting was at 8 hours 50
minutes—the true time 3 hours 45 minutes—refraction } ceping
the sun above the horzon for the space of 5 minutes.

506. Thirdly, ITe found Venus's diameter, by re- Diameter of
peated observations, to excecd a thirticth part of the Venus.
Sun’s ciameter, by a siath, or at most a fifth subdivision. Tha
dineter therefore of the Sun to that of Venus may be ex-
pressed®as 30 to 1.12. 1t certamly did not amount to 1.8C,
nor yet to 1.20. And this was found by observing Venus as
well when near the Sun’s limb, as when farther removed
from it.

507. The place where this observation was made, was an
obscure village called Hool, about 15 miles northward of Livés-
pool. The latitude of Liverpool had been often determined
by Horrox to be 58° 20'; and therefore that of Hool will
be 53° 85. The longitude of both seemed to him to be about
22~30' from the Fortunate Islands; that is, 14° 15’ to the
west of Uramburg.
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508. These were all the observations which the shortness of
‘the time aJlowed him to make upon this most remarkable and
uncommon sight : all that could be dune, however, in so small a
space of time, he very happily executed; and scarcely anything
farther remained for him to desire. In regard to the inclination
alone, he could not obtain the utmost exactness; for it was _
extremely difficult, from the Sun’s rapid motion, to observ: it
to any certainty within the degree; and he ingenuousl: “con-
fesses that he neither did nor could possibly perform ¥ The
reit are very much to be depended upon, and as éxact as he
could wish,

509. Mr, Crabtree, at Manchester, whom Mr.
mﬂhﬁ? Horrox had desired to observe this transit, and who
f:;”fi‘ i in mathematieal hnowledge was inferior to few, rea-

dily complied with his friend’s request : but the shy
was very unfavourable to him, and he had only one syght
of Venus on the Sun’s disc, which was about $ hours 35 nu-
nutes by the clock, the Sun then, for the first time, breaking
out from the clouds; at which timehe sketched Venus's situa-
tion upon paper, whigh Horiox found to cvincide with his own
observations.

510. Mr. Horrox, in his treatise on this subject, published
by Hevelius, and from which almost the whole of this account -
has been collected, hopes for parden from the astronomical
world for not making his intelligence more public; but his
discovery was made too late. He is desirous, however, in the
spirit of & true philosopher, that other astronomers were happy
enough to ohserve it, who might either confirm or correct his
observations. But such confidence was reposed in the tables at
that time, that it does not appear that this transit of Venus
was observed by any besides our two ingenious countryinen,
who prosecuted their astronomical studics with such eagerness
apd precision, that they must very soon have brought their
favourite science to a degree of perfection unknpwn at those
tmes. But unfortunately Mr. Horrox died on the 3d of 'Ja-
niary 16401, about the age of 25, just after he had put the
last hand to his treatise, entitled Venus in Sole visa, in which
bhe shews himself to have had a more accurate knowledge of
the dimensions of the solar system than his learned gommenta.
tar Mevelius.—So far ithe Annual Register
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“511. In the year 1691 (See the Connoissance des De. ’
T'emps for 1761), Dr. Halley gave in a paper upon ,ﬂw
the transit of Venus (See Lowthorpe’s Abndg*meht “v““‘"

mus.
of the Philosophical Transactions, page 434), in
which he observes, from the tables then in use, that Venus
»Teturns to a conjunction with the Sun in her ascending node
*in o pcnod of 18 years, wanting 2 days 10 hours 52} minutes;
but u n the sccond conjunction, she will have got 24° 417
farther 1e south than n the preceding.” That after a pe-
riod of 235 Tvears 2 hours 10 nunutes 9 seconds, she returns to
a conjunction more to the north by 117 88”; and after 243
years, wanting 43 minutes, in a point more to the south, by
13 8”. 1ut it the second conjunction i» ir the year next after
leap-year. 1t will be a day later

512 The mtervals of the conjunctiogs at the deacendmg
node are somewhat different.  The second happens in a period
of 8 years, wanting 2 days G hours*55 minutes, Venus being
got more to the north by 19 58”. _\fter 235 ycars 2 days
8 hours 18 minutes, she is 9 21”7 more southerly; only, if
the first ycar is a bissextile, a dav must be added.  And after
243 years 0 days 1 howr 23 minutes, the conjunction happens
10" 87” more to the north ; and a day later, if the first year was

*‘bissextile. It is supposed, as in the old style, that all the cen-
turial years are bissextilcs.

513. Hence Dr. Halley finds the years in which a transit
may happen at the ascending node, in the month of Novemnber
(old style) to be thesew—916, 1161, 1396, 1631, 1639, 1874,
2109, 2117: and the transits in the month of May (old style)
at the descending node, to be in these years—1048, 1288, 1518,
1526, 4761, 1769, 1996, 2004.

514 In the first case, Dr. Halley makes the visible inclina-
tion of Venus's orbit to be 9° 5, and her horary motion on
the Sun 4’ 7”. In the latter, he finds her visible inclination
to be 8 268", and her hororary motion 4. In either case, the
greatest possible duration of a transit is 7 hours 56 minutes.

515. Dr Halley could even then conclude, that if the inter-
val in time between the two interior contacts of Venus with the
Sun could be measured to the exactness of a second, in two
nlawmparly situated, the Sun’s parallax might be deter-
mined within its 500th part. But several years after, he ex-
plained this affair more fully, in a paper concerning the tran-
sit of Venus in the year 1761, which was published in the
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Philosophical Transactions, and of which the third of the pre-
ceding articles is a trantlation, the original having been written
in Latin by the doctor.

Art. VIIL—Containing a short Account of some Observations_
of the Transit of Viouus, a.v. 1761, June 6, New Style ;
and the Distanccs of the Plancts from the Sun, as driuccd
Jrom those Obscrvations. i /./

e

De. Rliw's 516. Fuly in the morning, when every astrono-

obscrvations €T was prepared for observing the trarsit, it un-

:’:i‘:el;'g‘l" luckily happened, that both at London and the royal

" observatory at Greenwich, the sky was <o overeast
with clouds as to render it doubtful whether any part of the
transit should he scen® and it was 88 minutes 21 scconds past

VII oclock (apparent time) at Greenwich, when the Reverend

Dr. Bliss, our astronomer-royal, first saw Venus on the Sun;

at which instant the centre of Venus preceded the Sun’s centre

by 6’ 18.9” of right ascension, and was south of the Sun’s
centre by 18" 42.17 of declmation.  Trom that time to the be-
ginning of cgress, the doctor made several observations, both
of the difference of right ascension and declination of the.
centres of the Sun and Venus: and at last found the begin-
ning of egress, or instant of the internal contact of Venus
with the Sun's limb, to be at 8 hours 19 minutes apparent

Gime. Trom the doctor’s own observations, and those which

were made at Shirburn by another gentleman, he has com-

puted, that the mcan time at Greenwich of the ecliptical con-
junction of the Sun and Venus was at 51 minutes 20 seconds
after V o’dock m the mornimg ; that the place of the Sun and

Venus was 11 (Gemini) 15 86’ 33" ; and that the geoeentnie

latitude of Venus was 9" 41.9” south ; her horary motion from

the Sun 8’ 57.18” retroerade ; and the angle then formed by
the axis of the equator, and the anis of the ecliptic, was 6°

9’ 847, decreasing hourly 1 minute of a degree. By the n1can

of thiee good observations, the diameter of Venus on the Sun

was £87.

Me. Short's 517. Mr. Short made his observatign_at Savile-

ohservations  house, in Tondon, 80 seconds in time west {rom

:"_ the tram-  Grecnwich, in presence of his royal highness the

duke of York, accompanied by their royal high-
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nesses Prince William, Prince Henry, and Prince Frederick.
He first saw Venus on the Sun, throuch flying clouds, at 46
minutes 37 seconds after V o'clock ; aud at 6 hours 15 minutes
12 seconds, he measured the diencter of Venus 59.8”7. Ile
afterwards found it to be 58.9” when the shy was more fa~
vourable. And, through a reflecting teleccope of two feet fo-
. cus, magnifymg 140 times, he found the internal contact of
Venu.« with the Sun’s iab to be at 8 hours 18 minutes 213
wcunds\,:.appurcnt time ; whueh, bemg reduced to the appa-
rent thue acGreenwich, was 8 homs 18 nimates 513 seconds;
o that his time of seemg the contice was 84 secoads sooner
(m absolute time) than the motant of ats beng seen at Greens
wich.

518. Messrs. Ellicot and Dollond ol served the i

Meesrs. Elli-
mteroal contact at ITackney, and thar time of sce- cot and Dol
g it, reduced to the time at Greenwich, was at lowd™ obser
3 hours 18 minutes 56 ».u-mrds, which was 4 <c- vanons.
conds sooner m absolute time thea the contact was seen at
Greenwich,

519. Mr. Canton, in Spittal-square, London, 4 2fr.Canton's
11" west of Greenwich (equal to 16 seconds 44 thinde observations.
of time) measured the Sun’s diameter 317 83”7 24", and the

.diameter of Venus on the Sun 5%”; and, by observation,
found the apparent time of the mternal contact of Venus with
the Sun’s Imb to be at 8 hours 18 minutes 11 seconds ; wluch,
by reduction, was only 2} scconds short of the time at the
royal observatory of Greenwich.

520. The Reverend Mr. Richard Hoydon, at Lis- yg yr.
heard, in Cornwall (16 minutes 10 seconds m tune don's obscr-

west from London, as stated by Dr. Bovie) observed vations.
the internal contact to be at 8 hows 20 «cconds, which, by
reduction, was 8 hours 16 minutes 30 ~cconds at Greenwich 5
so that he must have seen 1t 2 winutes 80 «cconds sooner in
absolute time than it was seen at Greenwich—a difference by
much too great to be occasoned by the duference of paral
laxce.  But, by a memorandum of Mi. Haydon's <ome years
before, it appears that he then supposed s west longitude
to be ncar 2 minutes more, which brings his time to agree
within half a minute of the time at Greenwich; to which the

~~puraflaxes will very nearly anawer.
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* Mr. War 521. At Stockholm observatory, latitude 59° 203"
geotin’s ob-  morth, and longitude 1 hour 12 minutes east from
svalions:  Greenwich, the whole of the transit was viuble;
the total ingress was observed by Mr. Wargentin to be at 8
hours 39 minutgs 23 seconds in the morming, and the begin-
ning of the egress at 9 hours 30 minutes 8 seconds; <o that
the whole duration between the two internal contacts, as seen™
at taat place, was 5 hours 50 minutes 45 seconds. )
Mr.Helan's At Torneo mn Lapland (1 hour 27 mmut« , 28 se-
observations. conds cast of Paris) Mr. Iellant, who i csteemed a
very good observer, found the total ingress to be at 4 hours 3
minutes 59 seconds ; and the beginning of egress to be 9 hours
45 minutes 8 seconds,—so that the whole duration between the
two internal contacts was 5 hours 50 mnutes 9 scconds
Mr. Guter's At ITernosand, in Sweden (latitude 6 38 north,
observations.  and Jongitude 1 hom 2 minutes 12 seconds east of
Paris), Mr. Gister observed the total ingress to be at 3 hours
88 minutes 26 seconds ; and the begmmng of egress to be at 9
hours 29 minutes 21 seconds,—the duration between these two
internal contacts 5 hours 50 minutes 56 seconds

Mr. de la Lande, at Paris, observed the beginning

Mr.dela .
Lande’s ob.  Of cgress to be at 8 hours 28 minutes 26 seconds ap-
fenatins  parent time. But Mr. Ferner (who was thcn at
observauons, Conflans, 143" west of the royal observatory at

Pari) ohserved the beginning of egress to be at 8
hours 28 mmutes 29 seconds true time. "The cquation, or differ-
ence betwcen the true and apparent tune, was 1 minute 54 se-
conds. The total ingress, being before the Sun rose, could not
be seen.

At Tobolsk, in Siberia, Mr. Chappe ohserved

Mr Chappe’s .
observations. (D€ total 1mgress to be at 7 hours 28 seconds in

the mornng, and the begmning of egress to be at
49 minutes 20} seconds after XII at noon. So that the whole
duration of the transit between the internal contacts was 5 hours
48 minutes 52} seconds, as seen at that place: which was 2 mi-
nutes 3} seconds less than as scen at Hernosand in Sweden,
Mr. Hirst's At Madras, the Reverend Mr. Hirst observed the
observations.  gotal mgress to be at 7 hours 47 minutes 55 seconds
appaient time 1n the morning ; and the beginning of egress at

1

1 hour 39 minutes 38 scconds past noon. The duralion L.
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tween these two internal contacts was 5 hours 51 minutes 43
seconds. .
Professor Mathenci at Bologna observed the be- I;Im&'w.
.. . athenci’s
. ginning of egress to be at 9 hours 4 minutes 58 jpuervanons.
seconds.

At Calcutta (latitude 22° 30’ north, nearly 92° ;. Ar

' east Jougitude from London) Mr. William Magee gee's observa-
observed the total ingress to be at 8 hours 20 mi- "™
nutes 5§ seconds in the morning, and the beginning of egress
to be at 2¥%agurs 11 minutes 34 seconds in the afternoon. The
duration between the two internal contacts 5 hours 50 minutes
86 seconds.

At the Cape of Good Hope (1 hour 13 minutes ny, Mason's
35 seconds ecast fromm Greenwich) Mr. Mason ob- observations.
<erved the beginning of egress to be at 9 hours 39 minutes 50
seconds in the morning.

All these times are collected from the observers’ accounts,
printed in the Philosophical Transactions for the year 1762
and 1763, in wlich there are several other accounts that T have
not transcribed. The instants of Venus's total exit from the
Sun are likewise mentioned, but they are here left out, as not
being of any use for finding the Sun’s pmallax.

Whoever compares these times of the internal contacts, as
given by different observers, will find such difference among
them, even those which were taken upon the same spot, as will
shew, that the instant of cither contact could not be so accu-
rately perceived by the observers as Dr. Haﬂey thought it
could: which probably arises from the difference of people’s
eves, and the different magnifying powers of those tclescopes
through which the contacts were seen. If all the observers
had made use of equal magnifying powers, there can be no
doubt but that the times would have more nearly coincided ;
since it is plain, that supposing all their eyes to be equally
quick and good, they whose telescopes magnified most would
perceive the point of internal contact soonest, and of the total
exit latest.

Mr. Short has taken an incredible deal of pains in deducing
the quantity of the Sun’s parallax, from the best of those ohser-
vations which were made both in Britain and abroad : and finds
it to have peen 8”.52 on the day of the transit, when the Sun
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was very nearly at his greatest distance from the Earth; and
consequently 8.65 when the Sun is at his ‘mean distance from
the Earth. And indeced, it would be very well worth every cu-
rious person’s while, to purchase the second part of Volume
LII of the Philosophical Transactions, for the year 1763 ;
even if it contained nothing meore than Mr. Shorts paper on
that subject.

The logarithm sine (or tangent) of 8”.65 is 5.6:219140, which
being subtracted from the radius 10.0000000, leayes r maining
the logarithm 4.37808G0, whosc number is 23882 <+ ; which is
the number of semidiameters of the Earth that the Sun is dis-
tant from it. And this last number, 23882.34, being multi-
plied by 8935, the number of English miles contained in the
Earth’s semidiameter, gives 95,173,127 miles for the Larth’s
mean distance from the Sun. But because it 1s impossible, from
the nicest observations of the Sun’s parallax, to be sure of its
true distance from the Farth within 100 milcs, we shall at pre-
~ent, for the sake of round numbcrs, state the Earth’s mean
distance from the Sun at 95,173,000 Enghsh miles.

And then, from the numbers and analogies n § 420 and 421,
p- 8%, 83, vol. II, we find the mean distances of all the rest of
the plancts from the Sun in miles to be as follows.  Mercury’s
distance, 30,841,468; Venus’s distance, 68,891,486; Maurs's
distance, 115,014,148 ; Jupiter’s distance, 494,990,976 ; and
Saturn’s distance, 907,957,130.%

So that, by gomparing these distances with those in the tables
at the end of the chapter on the solar system, it will be found
that the dimensions of the system are much greater than what
was formerly imagined ; and consequently, that the Sun aud all
the planets, eacept the Earth, are much larger than as stated in
that table. -

"The semidiameter of the Farths annual orbit being equal to
the Farth’s mean distance fiom the Sun, viz. 95,173,000 miles,
the whole diameter thereof is 190,346,000 miles. And since
the circumference of a circle is to its diameter as 355 is to 113,
the arcumference of the Earth’s orbit is 697,937,646 miloes.

? When I computed the distances in the last line of § 194, I had heard that the
Sun’s prallax was found to be 8”.69; which occastons the difference between these
distances and those which arise here from the parallax 8”.65, as I found it in the Phi.
lusophical 'T'ransuctions. !
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And, as the Earth deseribes this orbit in 865 days 6 hours
(or in 8766 hours), it is plain that it travels at the rate of
68,217 miles every hour, and consequently 11,369 miles every
wunute ; <o that its velocity in its orbit is at least 142 times as
great as the velocity of a cannon ball, supposing the ball to
move through 8 miles in a minute, which it is found to do very
nearly . and at this rate it would take 22 vears 228 days for
a cannon hall to go from the Earth to the Sun.

On the 3d of June, in the year 1769, Venus will again pass
over the Sun® (dis¢, m such a manner as to afford amuch easier
and better mcthod of myestigating the Sun’s parallax than
her transit m the year 1761 has done.  But no part of Britain
will be proper for observing that tranat, ~o as to deduce any
thing with respeet to the Sun’s parallax from 1t, because it will
begin but a little before sun-set, and wall be quite over before
I1 o'clock next mornmg.  The apparent time of conjunction of
the Sun and Venus, accordmg to Dr. Halley’s Tables, will bhe
at 13 mimutes past X o’dlock at mght at London; at which
time the geocentrie latitude of Venus wall be fully 10 mmutes of
a degree north from the Sun’s centre: and therefore, as scen
from the northern parts of the Earth, Venus will be consider-
ably depreseed by a parallax of latitude on the Sun’s dise; on
which account, the visble duration of the transit will be length-
ened @ and m the southern parts of the Farth <he will be cle-
vated by a parallax of latitudc on the Sun, which will shorten
the visible duration of the tranat, with 1espeet to its duration
as supposed to be seen from the Earth’s centre; to both which
afftctions of duration the parallaxes of longitude will also con-
spire. 8o that every advantage which Dr. ITalley expected
from the late transit will be found in this without the least dif-
sculty o embarrassment. It is therefore to be hoped, that nei-
ther cost nor labour will be spared in duly observing this tran-
it 3 especially as there will not be such another opportunity
again m less than 105 years afterward.

T'he most proper places for observing the transit in the yecar
‘1769 is in the northern part of Lapland, and the Solomon Isles
in the Great South Sea ; at the former of which the visible du-
ration between the two internal contacts will be at least 22 mi-
mites greater than at the latter, even though the Sun’s parallax
should*not be quite 9”. If it be 9” (which 15 the quantity I had

VOl. I1. ¢
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assumed in a delineation of ths transit, wlich I gave m to the
Royal Society before T had heard what Mr., Short had made 1t
from the observations on the late tranat), the difference of the
visible durations, as seen m Lapland and m the Solomon Isles,
will be as expressed m that delin won, and if the Sun’s pa-
rallax be less than 9 (as T now have very good reason to b=
licve it is), the dufference of durations will be less accardingly.
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SUPPLEMENTARY CHAPTERS

FERGUSON’S'ASTRONOMY.

CIIAP. 1.

ON TIIL FIVE NLW PLANLTS, TIHE GILORGIUM S$IDUS, CELES,
PALLAS, JUNOy AND VESTA.

T great additions wluch astronomy has lately reccived, have
given a new form to this interesting science, and extended our
knowledge far beyond the lnmts of the system which we inha-
bit. The discovery of five primary, and eight secondary pla-

.netss the deternination of the motion of our system in free
space 5 the rdference of all the celestial phenomena, and par-
ticularly of the mequalities arising from the mutual action of
the plauets, to the smple law of gravitation; and the conse-
quent 1mprovement of our astronomical tables, form a lasting
monument to the industry and genius of their authors, and
mark the dose of the first, and the commmencement of the pre-
scnt century, as the most brilhant period in the history of as-
trongmy.

For several of these important discoveries, we are indebted
to the powerful telescopes of Sir William erschel, by which
he detected two of the satellites of Saturn, and all the satellites
of the Georgium Sidus.  The success of this celebrated astro-
nomer gave birth to a spirit of observation and inquiry which
was before unhknown. The heavens have been eyplored with
_ the most unwearied assiduity, and this laudable zeal for the ad-
"vancement of astronomy has been crowned with the discovery
of Pour ncw Plancts.

"These addutions to the scienve do not merely present us with
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afew insulated facts similar to those with which we were formerly
acquainted : They exhibit to us new and uncxpected pheno-
mena, which destroy that harmony in the solar system which
appeared in the magnitudes and distances of the planets, and
in the form and position of their orbits. "The six planets which
formerly composed the system, were placed at somewhat regu-
lar distances from the Sun: They moved from west to cast,
and at such intervals as to prevent any extraordinary derange-
ments which might arise from their mutual action. Therr mag-
nitudes, too, with the exception of Saturn, increas *d with thawr
distance from the centre of the system, and the eccentricity, as
well as the inclination of their orbits, was comparatively small.
In the present system, however, we find four very small planets
between the orbits of Mars and Jupiter, placed at neaily the
same distance from the Sun, and moving m very cecentrie or-
bits which interscet cach other, and are greatly mchindd to the
plane of the ecliptic.  The <atellites of the Georgrum Sulus,
too, appear to move nearly at rnght angles to the plane of his
orbit; and what is still more surpriemg, the dncction of thene
motion scems to be opposite to that m whach all the other pla-
nets, whether primary or secondary, circulate 10und ther res
spective centres

On the Georgium Sidus.

From inequalitics in the motion of Jupiter and Saturn, which
could not be accounted for from the mutual action of these
planets, it was inferred by some astronomers that therc existed
beyond the orbit of Saturn another planet, by whose action
these irregularitics were produced.  This happy conjecture was
confirmed on the.18th March 1781, when Dr. Ierschel dis-
covered a new planet, which, in compliment to his royal patron,
he called the Georgium Sidus, though on the continent 1t is
better known by the names of Herschel or Uranus. Tlns new
planct, which had been formerly observed as a small star by
Flamstead and Mayer, and introduced into their talogues of
the fixed stars, is situated beyond the orbit of Saturn, at the
distance of 1,800,000,000 miles from the centre of the system,
and performs its sidereal revolution round the Sun in 85 ycars,
150 days, and 18 hours. Its diameter is about 4} times larger
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than that of the Larth, being nearly 35,112 English miles.
When scen from the Earth, its apparent diameter, or the angle
which it subtends at the eye, is 37 832, and its mean diameter

- as seen from the Sun is 4. As the distance of the Georgium

Sidus from the Sun is twice as great as that of Saturn, it can
scareely be distinguvished by the naked eye.  When the sky,
hovever, is serene, it appears like a fised star of the fitth mag-
nitude, with a bluish white light, and a brilliancy between that
of Venus and the Moon ; but with a power of 200 or 300, its
dive 15 viwblg and well defined.

The want of hght arising from the great distanee of this pla-
net from the Sun as supplied by siv suollnvs, all of which were
discovered by D Tlerschel. "Fhe fim/ <atethite is 257,35 distant
Irom its primary, wd revelves round icin o days, 21 hours,
Q5 minutes. The woond saddhite s 53709 distant {rom the
planet, and performs its 1evolunon in 8 day ~, 17 hours, 1 mi-
nute, 19.15 seconds.  The distance of the f/m‘d satellite s
88757 and its periodie time 10 days, 23 hours, 4 minutes.
The distanee of the fourtle satellite 15 $1°.08, and the time of
its pertodienl revolution 19 days, 11 howrs, 5 minutes 1.5, The
distance of the fifth satellite is about 17 287.46, and its revolu-
tion is completed v 88 days, 1 hour, 49 minutes.  The sixth
sateilite is placed at the distance of 27 527.92 from the prunary,
aid will therefore require 107 days, 16 hours, 40 minutes, to
complete one revolution. The » second and fourth of these sa-
tellites were discovered by Dr. Herschel on the 11th January
1871 The other tour were discovered in 1790 and 1794,
hut their distances and periodie times have not been so aceu-
veichy aseertained as the other two? It s a remarkable cir-
cunstanee, however, that all the six satellites move in a retro-
grade direction, and in orbits lying in the same plane, and al-
most perpendicular to the eeliptic. M. Delambre has found
that the inelinations of their orbits are 89° 80, or 90° 3¢’, and
the aveending node in 5 21, or 8° 9, according as we adopt the
{irst or the second inelination.

According to La Place, the first five satellites of the Geor-
ohoa Midus may he retained n their orbits by the action of its

Gquator, aud the sivth by the action of the interior satellites ;

1 X the Plal. Transactions for 1787, p. 1555 1788, p- 364,
'8¢ Phi's Thans. 1798, Pat 1, §. 47,
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and hence he concludes, that this planet revolves about an axis
very little inclined to the ecliptic, and that the time of its
diurnal rotation cannot be much less than that of Jupiter or
Saturn.?

When the Earth is in its perihelion, and the Georgium Si-
dus in its aphelion, the latter becomes stationary when his
elongation or distance from the Sun is 8 17° 37, and his re-
trogradations continue 151 12", When the Farth is in its
aphclion, and the Georgium Sidus in its perihelion, it becomes
stationary at an clongation of 8°16° 27, and the retrograda-
tions continue 149¢ 18"  The following table contains the
clements of the orbit of the Georgium Sidus, andother part-
culars concerning this planct :—

Days. Hours. Min.

"Fropical revolution,eee.eeeeiires coneeeiinesnnnns 30637 4 0
Mean distance from the Sun, thet of the Ilarth

bemng 100000,....ceeiiiiiiieinriiienes ceaaeas 19083562
Density, that of water beng 1y oon evneneiennniees 0,,,
Quanuty of matter, that of the Earth bang 1,... 16.81
Diameter 1 English miles,eeeiciniiiiiiiines voees Jane

160 207
11~ 16> 30 317

Inchination of 1ts orbit in 1780, ..
Place of aphelon m 1800, ... ...

Secular motion of aphchion, .....o coeieaie civnneen . 1 20 o
Eccentricity of its orbit, the mecan distance hee

NG 100000, ...vveeereneeniememrinireraceeees « 9080 4
Longitude for 1784, ...ocnneivnnniiines oo oo e 3 14c 4y 1w
Greatest equation of the centie, wveee veeneees . ar 270 16
Longitude of ascending node mn 1788, ceoueeeeeeees 2 32 47 07
Secular motion of the 10Ae, «vcseerererrenneen cones 10 4 357

207

Greatest SLEITAtION, vovaueeresnsacersonenns  moe vee

On Ceres.

The planct Ceres, which is situated between the orbits of
Mars and Jupiter, was discovered at Palermo, in Sicily, on the
1st of January 1801, by M. Piazzi, an ingenious astronomer,
who has since distinguished himself by his numerous observa-
tions on the fixed stars. This new celestial body was then si-
tuated in Taurus, and was observed by Piazzi till the 12th of
February, when a dangerous illness compelled him to discon-

3 Sec Mecanique Celeste par La Place, tome 1i, p. 381, tome 1v. Preface, and p.
190, and Mgm. dv L' Inststut. tome m, p. 123 N
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tinue his observations. It was, however, again discovered by
Dr. Olbers of Bremen, on the 1st of January 1807, nearly in
the place where it was expected from the calculations of Baron
Zach.  The nebula with which it was surrounded gave it the
appearance of a comet 3 and it was in conseqpience of the sugges-
tion of Professor Bode of Berlin, or of Baron Zach, that Piazzi
.amd othe  astronomers ranked it mnong the planetary bodies.

The planet Ceres is of a ruddy colour, though not very
deep, and appears about the size of a star of the cighth magni-
tude It seems to be surrounded with a large dense atio-
sphere, and plainly exhibuts a dise. v hen examined with a mag-
ninfving power of about 200, Trou a great number of observa-
tons, Schodter found the atmospherc of Ceres to be 675 Eng-
ish mules agh, and he pereaved that it was subjeet to nume-
rous chana, T'he vistble hamisphere was sometimes over-
shadowed, end at other times 1t cleared up : so that he thinks
there s Iittle chance of diseovering the period of its diurnal ro-
taton  The atmosphere of Ceres, ke that of the Larth, is
very dense ncar the planet, and becomes rarer at a greater dis-

* tance, vluch produces avary smgular offcet in the variations of
its apparent diamcter. . Whan Ceres is approaching to the
Larth, its diameter mercases much more rapidly than it ought
do do from the dmmmution of the distance.  "This arises, as
Schrocter has observed, (rom the finer exterior strata of its ate
wosphere heconmg, visible while it approaches the Earth, A
smnilar phanomenon was observed in the comet of 1799, where
the finer and less solid strata of its coma came into view as its
proximity to the Tarth increased.  In moonlight, the rarer
strata of” Ceres’s atmosphere hecame invisible.

Ceres performs her revolution round the Sun in four years
seven months and ten days ; and her mean distance from that
luminary is nemly 260,000,000 of English miles. The eccen-
tricity of her orbit is a little greater than that of Mercury,
winle its indJination to the ecliptic exceeds that of all the old
plancts.  The observations which have been hitherto made
upou this celestial body do not <eem sufligiently correct to
enable us to determine its magnitude with any degree of accu-
racy According to the measurements ot IHerschel, the diamet.
of Ceres does not exceed one hundred and sicty miles, while the
observations of the German astronomer Schrocter make it 1624
mulese  Schrocter accounts for thus remarhable difference be-
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tween his measurements and those of Dr. IHerschel, by main-
¢aining, that the projection-micrometer used by the English
astronomer was placed at too great a distance from the eye,
and that he measured only the middle clear part of the nucleus
of the planet.  Schrocter made a number of experiments on this
interesting subject, from which he has concluded, that, for long-
sighted eyes, an illuminated projection-disc must not he re-
moved above cight feet from the eye of the observer ; and that,
when the distance is greater, the diameter of the planet is found
too small, by a quantity depending on the incregse of distance,
on the degree of illunination, and on the state of the observer's
eve.  When the projection-glises were placed at the distance of
3 feet 9.9 inches, and 4 feet 8.9 inches from the eye, the dia-
meter of Juno was found to be 2.526 scconds; but when a
dise, 8.5 inches in diameter, was removed to the distance of 143
feet 4 mmches from the obsermver, the diammeter of Juno was
found to be only 0.50 seconds,—about five times smaller than i
ought to have been. '
The following Table presents, at one view, the various par-
ticulars which are Lknown respecting the planet Ceres. .
Ycars. Months. Days.
Tropical revolution, T a Landcy.. cocveerecniirninnenences 4 7 10
Do. fiom Mashelync's table,.. L1631 120 om
Annual Motion,..ueeeeerreeeiriecisneinnnns .20 180 1
Mocan longitndé, January 1, 1818,.. .. Jd0v 260 510
Place of ascending node in 1818,..... L2200 4 17
Place of perihelion in I818,.c.ciiiiiiiiciireniins vovenee 277 18 217
Lccentiicity in 1806, the mcan distance being 1,
according to Westphal,e..vveiiiiniiiniiieniiens coenne 0 07851589

Annual inninution, e eeeeecceiineanns secnsieresiiaronanas 0.00000583
Inchination of orhit in 1818,... . 100 37 55"

Annual dnainutionyeeeieese.. 07,44
Annual 100N, ceeeisenetectierecssdder corircacsasersanesse 1”18
DMean distance from the Sun, that of the Sun from the

larth being lyeeeceveniennnnnnenns teraserensnceraaennnr 2.768

Mocan distance in Iinglish miles, voeucieeeensneceeneacees  260.000.000
diametcr m Knghsh miles, Ilerschely ueene viveerneene 163

Do. do. Schroeter, ... wee 1621

Do. do. including the atmosphee, ... ceee 2200

Height of Ceres® atmiosphiere, vovveveverierecssaseesenss 677
Apparent inean diametcr, as scen from the Iarth, ac-

cording to Harding, .oceveee wervennreencnenncnanie oo 275
. acconding to Schrocter, comprehending the atmes .
sphere at the maan distance of' the Larthe coveevenees 67,382
Man dinvnal tropical motion, according to Westphal, 77077783

Liog. off } G1CHIET UXBhuirerane cornirisnrsonsasnnnnares 0. 1421029



CH, I ON THE FIVE NEW PLANETS. 2 4

On Pallus.

* T ¢ planct Palas, was discovered at’ Bremen, in Lower
Savony, on the 28th March 18072, by Dr. Olbers, the same
active astronomer who rdiseovered Ceres. It is situated be-
tueen the orbitg of Mars and Jupiter, and is nearly of the same
magnitude with Ceres, but of a less ruddy colour. It is sur=
rounded with a nebulosity of less extent, and performs its an-
nual revolution m nearly the same period.  The planet Pallas,
however, 15 distmgnished in a very remarkable manter from,
Ceres and all the other primary planets, by the immense incli-
nation of its orbit.  While these bodies are revolving round the
Sun in alme-t arculw paths, 1ising only a few degrees above
the plane of the edhiptie, Pallas ascends above,this plaue at an
angle of alout 25 degices, which is nealy four times greater
than the mchnaion of Mereury.  From the cccentricity of
Pallas beng, greater than that of C'eres, or {from a difference of
position in the line of their apsides, while their mean distances
are nearly equal, the mbits of these two planets inutually in-
tersect cach other—a phenomenon which is altogether anoma-
lous in the solar system.

The atmosphere of Pallas, ascording to the observations of
Schroeter, is to that of Ceres as 101 to 146, or nearly as 2 to
8. It undergoes similar change, but the light of the planet
exhibits greater variations.  On the 1st of April, the atmo-
sp]u‘l‘e of Pallas suddenly cleared up, and the solid nucleus or
dise of the planet was alone visible, About, 24 hours after-
wards she appeared pale and surrounded with fog, and this ap-
pearance continued during the 3d and 4th of April.  Schrocter
has shewn, that this phenomnenon docs not arise from the diurnal
rotation of the planct.

The diameter of Pallas has not yet been determined with suf-
ficient accuracy. Dr. Herschel makes it only 80 miles, which
Js but one-half the diamcter of Ceres, while Schrocter makes it
1o less than 2099 miles, which is considerably larger than the
magriitude that he assigned to Ceres, The elements of the
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orbit of Pallas, and the other particulars which are known re-
specting this planet are given in the following Table :—

.

* Years. Months, Days.
Tropieal revolution, 4 7 11
Sydereal revolution, from Maskelyne's table, 17030 164 4%
Annual motion, 2 18 1”7

221° 34’ 53“.64
1720 28 12'.48

Mgean longitude, January 1, 1803,
Place of ascending node 1n 1803,

Place of perthelion, C1210 8 gnsd
Eccentriaty, the mean distance being 1, 0.2447424
Inclination of orbit in 1803, 40 37 28735
Mean distance from the Sun, that of the Earth bemng 1, 2.768
Mean distance in English nules, 266,000,000
Diameter in English miles, according to Herschel,.. 80
Ditto ditto according to Schroeter, 2099
Ditto ditto, comprehending the atmosphere,emm e 3036
Heght of Pallas’ atmosphere, 408
Apparent mean diameter, as seen from the Earth, ac-

cording to Herschel, 0.5

Intto according to Schrocter, comprehending the at-
mosphere atshe mean distance of the planet from
the Earth, 6”514

On Juno.

The planet Juno, situated between the orbits of Mars and
Jupiter, was discovered by Mr. Hardmg, at the observatory of
Lilienthal, near Bremen, on the cvening of the Ist September
1804. While this astronomer was forming an atlas of all the
stars, so far as the eighth mag'mtude, which are near the orbits
of Ceres and Pallas, he observed, in the constellation Pisces, a
small star of the eighth magnitude, which was not n.entioned
in the Histoire Céleste of La Lande; and being ignorant of
its longitude and latitude, he put it down in his chart as necarly
as he could estimate with his eye. Two days afterwards, the

- star disappearced ; but he perceived another which he had not
seen before, resembling the first in sizc and colour, and situated
a little to the south-west of, its place. He observed it again on
the 5th of September, and finding that it had moved a little
* farther to the south-west, he concluded that this star belonged

to the planetary system.
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*The planet Juno is of a reddish colour, and is free from that
nebulosity which surrounds Pallas. Its diameter and its mean
distance are less than those of the other new planets. It is dis-
‘tinguished from all the other planets by the great eccentricity
of its orbit ; and the effect of this is'so extremely sensible, that
it passes over that half of its orbit which is bisected by its peri.
helion, in half the time that it employs in describing the other
half, which is farther from the Sun From the same cause, its
greatest distance from the Sun is double the lcast distance, the
difference betwgen the two distances being about 127 millions
of miles.

Though there is no ncbulous appearance around the planet
Juno, yet it appears from the observations of Schroeter, that it
must have an atmosphere more dense than that of anv of' the
old planets of the system. A very remarkable variution in the
brilliancy of this planet has been observed by this astronomer.
He attributes it chicfly to changes that are going on in its atmo-
sphere, though he thinks it not improbable that these ehanges
may arise from a diurnal rotation performed in 27 hours. The
following clements were calculated by Nicolai.

Years. Days.
Annual reVOIUtioN, ..eecees cassvescesossancrnsensasnnnns 4 128
Meap longitude, 1819, at Manhem, ...... cees 117° 46" 27,84
Place of ascending node, seceeeerericneeiescsneeratnns 171° ¢ 50423
Place of penihelion in 1819, .o.euveeeriireccncne eeeee 53° 32' 567.09

Fecentricity, Gauss, seeceserseceessatsrsensersnnsensee 0.2543634
Inchnation of orbit, ....cc.ceeenees ereannennaneene e 139 3, 37729
Mean distance from the Sun in Enghish niles, ...... 280,000,000
Mecan diStANCE, coecressncassoncscaresssessosssansencrnses 2.669
Daily tropical motion, ....c..eceueene ctensinsetnininne 813”.86981
Diameter in Inglish miles, according to Schrocter, 1425
Apparent mean diameter, as seen from the Farth,

ALcording to Schroeteryeeesreesesse crovrssseorearseses 057

On Vesta.

From the regularity observed in the distances of the old
planets from the Sun, some astronomers supposed that a planet
txisted between the orbits of Jupiter and Mars.* The dis-

¢ This idea was entertained by MM. Lambert, Bodc, and YWurm. By as-
suming {0 as the mean distance of the Earth from the Sun, they found the follow.
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very of Cores confirmed this happy conjecture,; but the opi-
nion which it seemed to establish respecting the harmony of the
solar system, appearcd to be completely overturned by the dis-
covery of Pallas and Juno. Dr. Olbers, however, imagined
that these small celestial b8dics were merely the fragments of a
larger planet, which had becn burst asunder by some internal
convulsion, and that several more might yet be discovered De-
tween the orbits of Mars and Jupiter. He therefore concluded,
that though the orbits of all these fragments might be difierent-
ly inclined to the ecliptic, yet, as they must have all diverged
from the same point, they ought to have two common points of
reunion, or two nodes in opposite regions of the heavens,
through which all the planetary fragments must sooner or later
pass.  One of these nodes Dr. Olbers found to be in Virgo,
and the other in the Whale, and it was actually in the latter of’
these regions that Mr. ITarding discovered the planet Juno.
With the intention, therefore, of detecting other fragments of
the supposed planet, Dr. Olbers examined thrice every year
all the little stars in the opposite constellations of the Virgin
and the Whale, till his labours were crowned with stocess on
the 29th March 1807, by the discovery of a new planet in the
constellation Virgo, to which he gave the name of Vesta.

As soon as this discovery was made known in England, the
planct was observed at Blackheath, on the 26th April*1807, by

ing remarkable law in the first differences of the di~tances of the other plancts, m
zound numbeis zm

Distances.
Merculyy wecmemsncond — 4
Venus, 7 =4 + 3.20

Farth, ... 10 = 4 + 3.2t

Mars, cowomscsvomcene 16 = 4 4 3.2¢
CET€3y mmmrmemcrcrorooeen2B = 4 + 327
Jupiter, womssnnn52 = 4 4 8.2¢
Saturn, 100 = 4 + 3.25
Uramus, coenn e 196 == 4 + 3.26
388 = 4 + 3.27
The distances of more remote 772 = 4 + 3.2
Planets, if they exist, 1640 = 4 + 3.2°
3076 = 4 + 3.2

1f we begin to reckon from Venus, and call » the rank of the planet, its distance
will be 4 4+ 3.2° 2, "This table may be prolonged by doubling the distance, begine
ning from the Earth, and subtracting 4. 'Thus for Uranus, we have 2 X 100 — 4
== 196. This law, which is quite empirical, iv not rigorously accurate, and [no
comjecture has yet been formed respecting the foundation of it. See De Lambre’s
Astrymomic, tom, ii; p. 549, 556 *
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S. Groombridge, Esq, an ingenious and active astronomer, who
has successfully devoted His leisure and his fortune to the ad-
vancement of astronomy. He continued tq observe it with his
excellent astronomical circle till the 20th May, when, from its
having ceased to become visible on the meridian, he had re-
course to equatorial instruments.  On the 11th of August, Mr.
‘Groombridge resuméd his meridional observation, from which
he bas computed part of the clements of its orbit 5 ‘and he had
the good fortune to observe the ecliptid oppomtion of the
planct on the §th of September 1808, at " 80/, in lengitude
11° 15° 54’ 26”. TITis observations were contmued till the be-
ginning of November 1808, and he expected te have found the
planet agdin at its opposition in February 18105 but, from a
continuance of cloudy weather, and probably from cecors in the
clements, he did not suceeed.

The planet Vesta is of the Sth or Gth magnitude, and may
be seen in a clear evenming by the naked eye.  Its ight is more
mtense, pure, and white than any of the other three ; and it is
very smular mits appearmee to the Georgium Sidus, It is
not surrounded with any nebulosty 5 and even with a power of
6:36, Dr. Herschel could not pereeive its real dise.  "The orbit
of Vesta cuts the orbit of Pallas, but not in the same place
where it is cut by that of Ceres.  Accordmg to the observa-
tions of Schroeter, the appagent diameter of Vesta is only 0.488
. of a second, one half of what he found to be the apparent dia-
meter of the Hhosatellite of Saturn 3 and yet it is very remarh-
able, that its light is <o ‘Intense, that Schroeter saw it several
times with his naked eye.

M. Burekhardt is of up'mion, that Le Monnier had observed
this planct as a fixed star, since a swall star, situated in the
same pl.uc and noticed by that astronomer, lias since disap-
peared.

The following are the clements of the orbit of Vesta, com-
puted by Mr. Groombridge, from his own obscrvations.

i

Years. Days. H :mu.

Revolution, . 3 66 4
Place of perilielion, 8 13° o 0~
» Place of ascending node, " 3 I 38 0~
In.clinaﬁon of orbit, 7° & 207
Mean distance, 2.163

Ectentricity in parts of the Earths radius, wevemeommves 0.0953
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The following eléments are given by M‘ Gauss :—- .
Mean longitude at Gottingen, . 204° 40’ 45¥
Place of ascending node, 103° 10 417
Place of perihelion,’ 250° 19’ 36¥
Inclination of orbit, 7 781"
Mean distange, 2.363198
Eccentricity, 0.183826

The orbits of the four new planets pro_;eéted from the places
of their perthelion, and their eccentricitics, as given in the pre-
ceding elements, are represented in the view of the solar <ys-
tem given in Plate I, and in Plate IV, Fig. 1. The mean dis-
tances emplo;ed dre, '

Ceres, 2.765
Pallas, 2.791
Juno, 2.6567
Vesta, 2.373

The orbit, appear to intersect cach other in varionc places;
and it is obvious, that the points of ntersection must be perpe-
tually shifting, according to the changes in the apheha of the
Planets.

For farther information respecting the four new planets, see
Herschel, Phil Trans. 1802, p. 218. Schrocter, Lilicntha-
lische Beobuchtungen der mew emtdechen plancten Ceres, Pallas,
und Juno, Gottingen, 1805. Schroeter, Phil. Trans. 1807,
Part ii, p. 245. La Lapde, Journal de Physigue, Brum. An.
12. Connoissance de Tems, 1809. Groombridge, Phil. Mug.
vol. xxvii, p 281.; vol. xxxi, p. 228. Id. p. 821.

CHAP. II.

ON THE ORIGIN OF TIIE FOUR NEW PLANETS, AND ON METT ORIC
STONES.
@rigm of the THE existence of four plancts. between the or-
“four new pla- bits of Mars and Juffiter, revolving round the Sun
hets. v at nearly the same distances, #nd differing from all
the other planets in their diminutive size, and in the form and
position of their orbits, is ome of the most singular phenomena
in the history of astronomy. The incompatibility of these phe-
“ncknena with the regularity of the planetary distances, and with
the general harmony of the system, naturalty suggests the opi-
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nion that the irregularities in this part of the systems: wire proe
duced by some great convulsion, and that the four plinsts are
the fragments of a large celestial body which oncg existed between
Mars and Jupiter. If we suppose these bodies to be indepen-~
dent planets, as they must bg if they did not originally form
one, their diminutive size, the great eccentricity and inclina-
tion of their orbits, and their numerous intersections when pro-
jected on the plane of the ccliptic, are phenomena dbsolufely
incxplicable on every principle of science, and completely sub-
versive of that harmony and order which before the discovery
of these bodics pervaded the planetary system. But if we ad-
mit the hypothesis, that these plancts are the remains of a lar-
ger body, which circulated round the Sun nearly in the orbit
of the greatest fragment, the system resumes its order, and we
discover a regular progression in the distances of the planets,
and a gencral harmony in the form and position of their orbits.
To a mind capable of feeling the force of analogy, this argu-
ment must have no small degree of weight, and might be
rechoned a sufficient foundation for a philosophical theory. We
are fortunately, howcever, not left to the guidance merely of
analogical reasoning. The clements of the new planets furnish
us with several dircct arguments drawn from the cccentricity
and inclination of their orbits, and from thc position of their
perihehon and nodcs, and all concurring to shew that the four
new planets have diverged from onc point of space, and have
therefore been originally combined in a larger body.

To those who are acquainted with physical astronomy, it is
needless to state the difficulty of ascertaining the paths of four
bodies whose masses are known, and which have diverged from
one common node, with velocities given in quantity and direc~
tion. This problem is much more perplexing than the cele-
brated proBlem of three bodies, and is therefore beyond the
grasp of the most refined analysis. It is not difficult, howeven,
to ascertain, in general, the consequences that would arise from
the bursting of a planet, and to determine within certain limit§

' the form and position of the orbits, in which the larger frag-
ments would revelve round the Sun. .
. When the planet is burst in pieces by some internal force ca-
pable of overcoming the mutual attraction of the fragments, it
is obvious that the larger fragment will receive the least impetus
from the explosive force, and will therefore circulate in an orbit

VOL. 1. n
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deviating less than any other of the fragments from the original
pathofithe large planet'; while the lesser fragments being thrown
off with greater yvelocity, will revolve in orbits more eccentric,
and more inclined to the ecliptic. Now the eccentricity of Ceres
and Vesta is nearly v of their mean distance, that of Ceres
‘being rather the greatest ; and the eccentricity of Pallas and
Juno is } of their mean distance, the eccentricity of Pallas being
a little greater than that of Juno. We should therefore expect
from the theory, that Pallas and Juno would be considerably
smaller than Ceres and Vesta, and that Ceres should be the
larger fragment, and should have an orbit more amalogous in
eccentricity and meclination than that of any of the smaller frag-
ments to the other planets of the system. In so far as the dia-
meters of the new plamets have been measured, the theory is
most strikingly confirmed by observation. According to Dr.
Herschel, the diameter of Ceres 1s 163 miles, while that of
Pallas is only 80. 'The observations of Schroeter make Juno
considerably less than Ceres: and though the diameter of Vesta
has not been accurately ascertained, yet the intensity of its
light, and the circumstance of its being distinctly visible to the
naked eye, are strong proofs that it excceds in magnitude both
Pallas and Juno. The striking resemblance between the two
lesser fragments Pallas and Juno in their magnitudes, and in
the extreme eccentricity of their orbits, would lead us to antici-
pate similar resemblances in the position of their nodes, in the
place of their aphelia, and in the inclination of their orbits ;
while the elements of Ceres and Vesta should exhibit similar
coincidences. Now the inclination of Ceres is 10°, and that of
Vesta '7°; while the inclination of Juno is 21°, and that of Pallas
244°; the two greater fragments having nearly the same incli-
nation, and keeping neer the ecliptic, while the legser fragments
diverge from the original path, and rise to a great Reight above
the ecliptic, and far above the orbits of all the other planets in
“the system. The inclination of the orbits of all the new planets
& represented in Plate V, Fig. 24, where the greatcst angle
of divergency is 17§° If it shall be found, from observa-
tion, that Vesta is one of the smaller fragments, we may then
account for its position with regard to Ceres, and for the small
1inclination and eccentricity of its orbit, by supposing the planets
Ceres, Pallas, and Juno, to have diverged in the same plane,
and pearly at right angles to the ecliptic, while Vesta diverged
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from the direction of the original planet in a plime paxsliel with
the ecliptic. This will be understood from Fig 25, wheve O C
is the path of the greater fragment Ceres; OJ, O P, the direc-
tion in which the fragments Juno and Pallas were projected,
lying in different planes 0 C J, OC P ; and O V, the direction
in which Vesta was projected in a plane O C V, nearly perpen-
dicular to the plane O P C. This opinion is strongly confirmed
by the fact, that the orbit of Vesta is nearer to the Sun than
any of the orbits of the other three fmgments. .

In the position of the nodes, we perceive the same coincidence.
The orbits of Pallas and Juno cut the ecliptic in the same point,
and the nodes of Ceres and Vesta are not far distant. This will
be distinctly seen in Fig. 26, where the®two smaller fragments
still keep together, and the two larger ones are not very remote.

If all the fragments of the original planet had, after the ex-
plosion, been attracted to the larger fragment, it is obvious that
they would all move in the <ame orbit, and consequently have
the same perihclion. If the fragments received a slight degree
of divergency from the explosive force, and moved in separate
orbits, the points of their perihelion would not coincide, and
their separation would increase with the divergency of the
fragments. But since all the fragments partook of the motian
of the primitive planet, the angle of divergency could never be
very great, and thercfore we should expect that all the peri-
helia of the new planets would be in the same quarter of the
heavens. This theoretical deduction is most wonderfully con-
firmed by obscrvation, It will appear from Fig. 27, where we
have projected the perihelia of the four new planets, that all the
perihelia are in the same semicircle, and all the aphelia in the
opposite semicircle ; the perihelia of the two larger fragments,
Ceres and Vesta, being near each other, as might have been ex-
pected, while there is the same proximity between the perihelia
of the lesser fragments Pallas and Juno.

These singular resemblances in the motions of the gl'ea.ter
fragments, and in those of the lesser fragments, and the strik-
mg coincidence between theory and observation in the eccentri-
city of their orbits, in their mchnahon to the ecliptic, in. the po-
sition of their nodes, and In the places of their perihelia, are

"phenomena which could not possibly result from chance, and
which concur to prove, with an evidence amounting wlmost to
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demanpstration, that the four new planets have diverged from
one ooﬁmon node, and have therefore composed a single planet.
On theorigin Lt us now proceed to consider the other phe-
ufmm:w nomena which might be supposed to accompany
stones. this great convulsion. When the cohesion of the
planet was overcome by the action of the explosive force,
a number of little fragments, detached along with the greater
masses, would, on account of their smallness, be projected with
very great \elocity ; and being thrown beyond the attraction
of the larger fragments, might fall towards the Earth when
Mars happened to be’in the remote part of his orbit.  The
central parts of the original planet being kept in a state of high
compression by the suptrincumbent weight, and this compress-
ing force being removed by the destruction of the body, a num-
ber of less fragments might be detached from the larger masses
by a force similar to the first.  Thewe fragments will evidently
be thrown off with the greatest veloaty, and will always be se-
parated from those parts which formed the central portions of
the primitive planets. 'The detached fragments, therctore, which
arc projected beyond the attraction of the larger masses, must

, always have been torn from the central parts of the origmal
body ; and it 1 capable of demonstration, that the superﬁcml or
stratified parts of the planet could never be projected from the
fragnents which they accompany.

When the portions which are thus detached arrive within the
sphere of the Earth’s attraction, they may revolve round that
body at different distances, and may fall upon its surface in
consequence of a diminution of their centrifugal force ; or, heing
struck by the electric fluid, they may be precipitated on the
Earth, and cxhibit all those phenomena which usually accom-
pany the descent of meteoric stones. Hence we perceive the
reason why the fall of these bodies is sometimes attended with
explosions, and sometimes not; and why they gencrally fall
obliquely, and sometimes horizontally, a direction which they

~ never could assume if they descended from a state of rest in the
atmosphere, or had been projected from volcanoes on the suzface
of the Earth. , '

If we compare the specific gravity of meteoric stones with the

ity of the new planets, we shall obtain anothér argument in
support of the theory. It appears from the observations of Dr.
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Maskelyne on the attraction of Shehallien, and pastieSlasly
from the experiments of Mr. Cavendish on the attraction of
lcaden balls, that the density of the Earth increases, tuwartk its
" centre; and therefore the density of the central parts must éx-
ceed the average denslty of the whole globe. This gradation of
density no doubt arises from the weight of the superincumbent
mass; and hence we are fully entitled to conclude, that the
density of the central parts of every other planet is greater than
the average denwty of the body. Asitis demomtrablc, there-
fore, that the fragments of the large planet, which are supposed
to be meteoric stones, must have been detached from the central
parts of the primitive planet, the specific gravity of meteoric
stones ought to exceed the average demsity of the planet.  Ac-
cording to the obscrvations of Mr. Playfair, the densty of She-
hallicn i only 2.7, while that of the Farth 15 4.8; so that the
density of the central parts of our globe cannot be less than 7
or 8, in order to make up the mean density. Now, the density
of the new plancts, estimated from their position in the system
by the method of Lagrauge, is nearly 2; and reasonmg from
analogy, and followmg the proportion already stated in the case
of the Earth, wc should expect that the average denvty of me-
teoric stones should be about 8.2, which happens to be the ex-
act specific gravity of the greatest number of hese bodies.
This coincidence is truly surprising, and when taken in connec-
tion with the evidence arsing from the form and position of the
orbuts of the new planets, gives a probability to the theory which
no other hypothess can claim.  Those who maintain that me-
teoric stones have fallen from the Moon, or havc been produced
n our own atmosphere, have adopted these hypotheses because
they h w1 no other to choosc. To suppose that dense bodiel,
conl.umn{,, a great proportion of iron, are gencrated m the air,
is an assumption repugnant to cvery pnnclpk of science; ahd
to mamntan that they are projected by lunar voleanogs, when
such volcanoes are only conjecturcd to cxist, and when a force of ,
prq)ectxon would be requisite, which has never heen exthibited
in any volcanic eruption on our earth, is one of those, hypo-
theses which is neither suggested by facts, nor founded en ana-
“logy. Astronomers have indeed perceived some faint gleams of
light in the obscure part of the lunar disc, but this is no proof
that these radiations are the flames of a voleano. The acro-
nant, who is hovering above our own globe, might, with equal
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jmﬁ&, imagine, that he was soaring above burning mountains,
when he saw merely an accidental fire, or was contemplating
tracgs of hegth that were occasionally blazing upon its surface.
'We shall now conclude this section, by endeavouring to an-
swer a very plausible obJecuon which may be urged against the
preceding theory. If meteoric stones are the fragments of a
planet, why are they all of the same kind ? If our own Earth
were to be burst in pieces, we should find among its fragments
stones of every description. This objectign is founded on the
supposition that the Earth is everywhere stratified, and that
there exists at its centre the same diversity of minerals which
occur at its surface. This opinion is purely hypothetical. We
have scarcely penetrated beyond the surface of the globe, and
we have every reason to believe that the stratification is com-
pletely superficial. The density of the internal mass is known
to be extremely great, and the magnetism of the Earth de-
monstrates that this mass must be eithér iron-stone or melt-
ed metals which have the magnetic virtue. Now, if we sup-
pose the Earth to be burst in piecces by some internal force,
the smaller fragments that would be projected beyond its
ere of attraction must come from the central parts, and
none of the superficial or stratified parts would be detached
from the fragment to which they belong. The only way in
which we can conceive the superficial parts of the planet to be
affected, is by the shock given to the fragment on which they
rest. But this shock cannot possibly produce a velocity greater
than the velocity of the fragment itself; and since the fragment
is supposed by the hypothesis to continue in an orbit not far
from the orbit of the original planet, its superficial parts must
dieo remain in the same region of the heavens. The portions of
our globe, therefore, that would be thrown beyond the reach of
its attraction, would be the dense parts towards its centre, which
in all pobakility would be either iron-stone, or melted metals
that had the magnetic virtue. Reasoning from analogy, there-
fore, we should draw the same conclusion respecting the imagi-
nary planet besween Mars and Jupiter ; and it is a very singu-
la.r circumstance, that meteoric stones contain a great porpomon
of iron, that they are endowed with the magnetic virtue, and
‘that the large meteoric stones which have been found in Slbena
and in South America are masses of melted iron.
Tt Would not be difficult to anticipate a number of obJecﬂDm
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which might be urged against the preceding theory; Just how-
cver formidable these may be, we ought to remember, that spch
difficulties do not belong to the hypothesis itself, but arise from
our ignorance of the changes induced upon the fragments dur-
ing their passage through the Earth’s atmosphere; and that
they belong equally to every hypothesis that has‘yet heen
suggested. It is not fair, thercfore, to demand from one theory
an explanation of difficulties which belong to all. It is sufficient
to give a plausible explanation of the phenomena; and to com-
bine, under a general principle, the scattered facts that cannot
otherwise be generalised consistently with the cstablished laws
and analogics of nature.

Since the preceding views were laid before the public, the
celebrated M. De Lagrange has published a memoir on pla-
netary;explosion, in the Conmoissance des Tems for 1814, p.
R11. He supposes the bursting of a planet to be a very pro-
bable event, and he has investigated formulae for computing the
velocity with which the fragments of a burst planet must be
projected, in order to move in elliptical, parabolic, or hyper-
bolic orbits. He determines also the explosive force necessary
to burst a planet, so that one of its fragments may become a
comet, and he shews that a fragment detached from the Earth
would become a direct comet if the velocity of its projection
were 121 times that of a cannon-ball, and a retrograde comet, if
its velocity were 196 times that of a cannon-ball. For planets
situated beyond the orbit of the Georgium Sidus, a velocity
12 or 15 times greater than that of a cannon-ball would make
the fragments move in an elliptical or parabolic orbit, whatever
be the dimensions of the direction in which they are projected.
In the gasc of othet planets than the Earth, the number of
times “the velocity of a cannon-ball that the fragment should
have to become a comet will be found by dividing 121 or 156,
according as it is to be direct or retrograde, by the square root
of the mean distance of the planct. As a less velocity is re-
quisitc to mahe the fragments move in an ellipse, the velocity
necestary for the four small planets will be less than 20 times
that of a cannon-ball.
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CHAP. IIE

ON THE NEW DISCOVERIES, &C, IN MERCURY, VENUS, nu;.s,
Y JUPITER, AND SATURN.

Howzevrs brilliant have been the discoveries in astronomy,
by which the present century has been distinguished, yet those
which were made on the old planets of the gystem by Dr.
Herschel' and Mr. Schroeter, with the assistance of powerful
telescopes, are not less interesting and important. The dis-
covery of mountains in Mercury and Venus, of the double ring
and interior satellites of Saturn, and the determination of its
diurnal revolution, arc a few of the important facts which have
been added to astronomy, by the improvement of the tele-

scope.
On Mercury.

The planct Mercury is about 3224 English miles in diameter,
and revolves round the Sun at tho distance of 37 nullions of
miles. He emit, a brilhant white hght, and twinkles like the
fixed stars. The dazzling splendour of s rays, the short-
ness of the interval during which observations can be made
upon his disc, and his proximity to the vapout< of the horizon
when he is observed, have prevented astronomier from making
any interesting discoveries respecting this planct. When Mer-
eury is viewed with a telescope of high magnifying power, he
exhibits to all the other planets nearly the same phases, as the
Moon does to the Earth, being sometimes horned, and some-
times nearly full. Dr. Herschel has frequently exammned
Mercury with telescopes magnifying 200 and 300 times; but
he always appeared equally luminous in every part of his disc,
" without any dark spot or ragged edge. Mr. Schroeter, how-
ever, would appear to have been more successful. He rhain-
tains that he has seen not only spots, but even mountains, in
Mercury; and that he succeeded in measuring the altitude of
two of them. One of these mountains was little more than
1000 toises in height, but the other measured 8900 tgises, or
ten iniles and three quarters, which is nearly thrice as high as
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Chimboraco, the highest mountain upon our own Earth. The

highest mountains are situatgd in the sputhern hemisphere of
Mercury. By examining the variation in the daily

of Mercury’s horns, Schrbeter found the period of his diurmal .
rotation about his axis to be 24 days 5 hours and 28 minutes.

Wallot imagined that Mercury had a horizontal refraction of
276" ; but Bugge, when observing the transit of this planet in

1802, could perceive no traces of an atmosphere.

Venus

We have already given some account of the obscrvations by
which Cassini and Bianchini endcavoured tQ ascertain the diur-
nal revolution of Venus. Figures 1st and 2d of Plate  Piace 11.
I1, Sup. represent the spots observed by Bianchini. Fig-1-and2.

The powerful telescopes of Dr. Herschel and Mr. Schroeter
have been recently employed in examining the various ap-
pearances of this planct. On the 19th June, 1780, §pots of
Dr. Herschel observed spots upon the surface of this Venus-
planet, as represented in Figure 3d, wherc adc¢ prae 1L
is a bluish darhish spot, and ¢ ¢ b a brighter spot. 1'g- 3, Sup.
They met in an angle at a point ¢, about one-third of the dia-
meter of Venys from the cusp a. This astronomer also ob-
served, that Venus was much brighter round her limb, than in
that part which separgtes the enlightened from the obscure
of her disc. As this brightness round her limb diminishes
pretty suddenly, it resembles a narrow luminous border, and
therefore does not seem to be the result of any optical decep-
tion.  The hight seemed to decrease gradually between this bor-
der ahd the boundary between the illuminated and obscure parts
of her disc. Mr. Schroeter had observed before Dr. Herschel,
¢ that the light appears strongest at the outward limb, from
whence it decreases gradually, and in a regular progression to-
wards the interior edge;” but he differs from the doctor with
regard to the sudden diminution of this marginal light. ¢« With
regard to the cause of this appearance,” says Dr. Herschel,
.1 may verture to ascribe it to the atmosphere Apnogphere
of Venus, which, like our own, is probably replete of Venus.
with matter that reflects and refracts light copiously in all
directions. Therefore, on the border.where we have an ob-
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Bique view of it, there will, of consequence, be an increase of
this luminous appearance.” Dr. Herschel considers the real
surface of Venus to be less luminous than her atmosphere, and
this actounts for the small number of spots which appear upon
her disc. ¢ For this planet,” says he, * having a dense at-
mosphere, its real surface will commonly be enveloped by it,
80 as not to present us with any variety of appearances. This
also points out the reason why the spots, when any such there
are, appear generally of a darker colour than the rest of the
body.” The obscrvations of this astronomer did not enable
him to-ascertain the diurnal rotation of Venus, or the position of
her axis ; but he is of opinion, that it can hardly be so slow as
24 days, the period assigned by Bianchini.

The atmosphere of Venus appears to be very dense, not
merely from the changes which take place in her dark spots, but
as Schroeter inferred, from the illumination of her cusps when
she is near her inferior conjunction, where the enlightencd ends
of the horns reach far beyond a semicircle.

Mr. Schroeter seems to have been very successful in his ob-
servations upon Venus; but the results which he has obtained
are more different than could have been wished from the ob-
servations of Dr. Herschel. He discovered several mountains
in this planet, and found, that hke those of the Moon, they
were always highest in the southern hemisphere, their perpen-
dicular heights being nearly as the diameters of their respective

Plate 1. planets. From the 11th Degember 1789, to the

Fig.6.  11th of January 1790, the southern horn & of Ve-
nus appeared much blunted, with an enlightcned mountain m,
in the dark hemisphere, about 18300 toises, or nearly 22 miles
Et ofthe  Mr. Schroeter measured the altitude of four
Tpantains in mountains in Venus, and obtained the following re-

Fnus. sults :—

- Toises,s  Miles. Toises.  Miles.
Hlighest, 18900 22.05 3d Highest, 9500 11.44
24 Highest, 15760 18.97 4th Highest, 9000 10.84

L
3

In order to determine the daily period of the planet, Mr.
Schroeter observed the different shapes of the two horns of
Venus. Thair appearance gencrally varied in a few hours, and
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became nearly, the same at the corresponding time of the sub-
sequent day, or rather about Half an hour sdoner Dally
every day. Hence he concluded, that the penod “iod of Voo +
must be.about 232 hoursy tHat her equator is con- ™™
siderably inclined to the ecliptic, and the pole at a considerable
distance from the point of the horn. On the 30th.of December
1791, at 8 o’clock in the morning, the southern horn appeared
with the same bluntness, and with the same enlightened moun-
tain in the dark hemisphere, that it had done on the 28th De-
cember 1789, at 5 o’clock in the morning. Hence he found,
that the period of Venus’s daily motion about her axis, must
be 23" 20’ 59", only about one minute less than that which is
given by Cassini.  This alternate bluntnesst and sharpness in
the horns of Venus, Schroeter supposes to arise from  Piate IT.
the shadow of a high mountain. The appearance igs 4 5.
of Venus, with her rugged edge and blunt horn, is represented
in Fig. 4, 5. *

The luminous margin which we have alrcady men- ;, -
tioned, mduced Mr. Schroeter to believe, that this margn of
planct had an atmosphere of a considcrable cxtent. ¥e™™
At the mterior edge the light becomes dim, till 1t loses itself in
a faint bluish grey, forming a ragged margin (as in ¥ig. 4, 5),
which it is difficult to perccive even with the best telescopes.
This diminution of hight is much more sensible about the middle
d, than at the cusps a, b.

On the 9th of September 1790, he obscrved, that the south-*
crn cusp of Venus disappeared, and was bent like a hook, aboyt
8” beyond the Juminous semicircle, into the dark hemisphere.
The northern cusp had the same tapering.termination, but did
nct encroach upon the dark part of the disc. A streak, how-
ever, of the glimmering bluish light proceeded about 8” along
the dark limb, from the point of the cusp from & to ¢ (Fig. 4, 5),
b being the extremity of the diameter a b, and eonsequently the
natural termination of the cusp. The streak b ¢, verging to a
pale grey, was faint when compared with the light of the cusp
at b. This phenomenon Mr. Schroeter considers as the twi-
hght, or crepuscular light of Venus. ¢ That it is a real
“twilight,” says he, ¢ will appear from the"relative appearances
of thg cusps. On the 9th and 12th March 1790, 4.y o0here
when the southern cusp extended in a hooked dhwtmuht
recgion, into the dark hemisphere, the pale blue light = Ve
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appeareq only at the poing of the northern cusp, and proceeded
in a spherical curve into the dark part. On the 10th of March,
when the southern cusp did not proceed so far, the pale streak
was perceived at both points, but torg sensibly at the gorthern.
The bright prolongation of the southern cusp on the 10th and
12th of March, must be ascribed to.the solar light on a ridge
of mounfains, whence it could not be strictly spherical. When
the bright prolong#tion was not considerable, twilight had 1ts
due effect, and the true spherical arc of the dark limb appeared
faintly illuminated.” From these observations, Mr. Schroeta
has calculated that the densé*part of Venus’s atmosphere i
about 16,020 feet high ; and he concludes, that it must e far
above the highest mountains, that it is more opaque than tha
of the Moon, and that its denaty is a sufficient reason why we
do not discover, in the surface of Venus, those superficial shade,
and varieties of appearance, which are to be seen on the other
planets.
Venus larger The planet Venus has generally heen conadered
than the ~  as about 220 mules less 1n diameter than the Farth ,
Easth. but it appeats fiom the measurement- of Dr Her-
schel, that when reduced to the mean distance of the Earth,
her apparent mean diametcr 15 18”.79, that of the Earth being
17”.2, that i>, 8648 Englsh miles, that of the Earth bemg
7912. This result 15 rather surprising, but the observations
have the appearance of accuracy.
Method of  The explanation of the different phases of Venus
findingher  has been already given mn Vol. I.  We shall there-
fore conclude this section with pownting out the me-
thed of finding the proportion between the illuminated and
obscure part of her disc at any given time. The fpllowing
table, calculated for this purpose by Mr. Bode of Berlin (See
Fables de Berlin, vol. iii, p. 257), answers for finding the
phases of the Moon, as well as those of Venus.
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Table~To find the enlightencd Part of the Diameter of ‘thy Wiion or
Venus, supposing the Diameter.to beqfiivided into 19 equal Parts.

For the Moon.—Argument. Distance of the Moon from the Bun. -
Signs Signs igns | S Signs i
0 A s o A s A P
For Venus.—Argument. Angle fachned at the entre of Venus, by twa
lines drawn from Venus to the Sun aud Farth,
g o | so Goo 90- 120° 150°
B
& | Pats. | Ports. | Parts. | Parts. | Parts | Parts. [
L T

0| 0.000 0.804 3.000 6.000 9000 | 11.196 | 30
1| 0.001 0.857 3.002 6.101 9.090 1.247 | 29
2| 0.001 0.912 S84 6.209 0.179 207 | 28
31 0009 | 0969 | 3.277 | 6.31% 9.267 | 11.846 | 27
4| 0015 1.026 | 8.370 | 6.418 9.355 | 11.392 | 26
0.023 1.083 3.465 6.528 0.441 | 11.437 | 25
6| 0.033 1.146 | 8.500 6.027 0.526 | 11.481 | 24
71 0015 1.209 3,050 6731 0.611 | 11.523 | 28
8] 0059 1272 3.75% 0.8.34 0.604 | 11.563 | 22
91 0071 1.337 3850 6.938 9.776 | 11.601 | 21
10| 0.091 1101 3918 7011 9856 | 11.638 | 20
11{ 0.110 1.172 4047 | 7143 9930 | 11078 | 19
12 | 0.181 1.512 4.147 7217 | 1001t | 11.706 | 18
13 | 0.154 1.612 4.247 7.349 | 10.001 | 11.787 | 17
14 | 0.179 1.08 4 4.317 7.451 | 10.107 | 11.767 | 16
15 | 0.205 1.758 4448 7.552 | 10.212 | 11.795 | 15
16 .233 1.833 4 549 7.658 | 10.316 | 11.821 | 14
17 | 0.263 1.909 4.651 7753 | 10.388 | 11.846 | 13
18 | 0.294 1.986 | 4.753 7.853 | 10.458 | 11.869 | 12
19 | 0.327 2.064 | 4.855 7.953 | 10.528 | 11.890 | 11
20 | 0.362 2.144 | 4959 8.052 | 10.596 | 11.909 | 10
21 | 0.399 | 2.224 | 5.062 | 8.150 | 10.663 | 11926
22 | 0437 2.306 5.166 8.247 | 10.728 | 11.941
23 | oMy 2.389 5.269 8.344 | 10.791 | 11.955
o4 | 0.519 | 2474 5.373 8.440 { 10.854 | 11.967
25 | 0.563 2.559 5.477 8.585 | 10915 | 11.977
26 | 0.608 2.645 5.582 8.630 | 10974 | 11.985
27 | 0.654 | 2.783 5.686 8.728 | 11.081 | 11.991
28 | 0.703 2.821 5.791 8.816 | 11.088 | 11.996
29 | 0.758 2.910 | 5.806 8.908 | 11.143 | 11.999
‘| 30 | 0.804 8.000 | 6.000 | 9.000 | 11.196 | 12.000
150° 120° 902 60° 80° o

* | For Venus—Argument. Angle formed at the centre of Venni by two «
lines drawn from Venus to the Sun and Eagth.

Bl Wlm| W W

For the Moon.—Argument. Distance of the Moon from the Snn.

=0 W O T DD
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The srgument of the preceding table, when applied to Ve-
mng, i the angle formed at het centre, by two lines drawn from
Ew Venus to the 'Sun and to the Earth. In order to
of the Table. fing this angle, suppose that another line is drawn
joining thé Earth and Sun. Then add the angle formed at
the Sun, or the anomaly of commutation, to the difference be-
tween the geocentric longitudes of the Sun and Venus, and
this sum being subtracted from six signs, or 180 degrees, will
leave the angle formed at Venus.

Example. Let it be required, for example, to find the pro-

portion between the enlightened and the dark por-
tion of Venus's disc, on the 2d of August 1809. The Sun’s
longitude being then, 4°9° 41’; the heliocentric longitude of
Venus 11° 23° 49 ; and her geocentric longitude 2 24° 2, as
found from the nautical almanack. Then, as the anomaly of
commutation is equal to the difference between the hehocentric
longitude of the planet and the longitude of the Earth, as scen
from the Sun, we have

Hehoc. long. of Venus, 11 230 49’
Long. of Earth, subtract 10+ 90 41
Angle at the Sun, or anomaly of commutation, weww.. 1* 140 8*
Long. of Sun, 4 9 41
Geoc. long. of Venus, subtract 2 240 2
Difference between geoc. long. of the Sun and Venus, . 1* 15° 39’
Angle a{ the Sun, add 1* 14 8”

Sum subtract, 20 29° 47’

From f1X 81g08; comavvonwe 6* 0° ¢

3 00 1%
o0 900 1%

Argument,

With this argument enter the table, and you will find 6.000
auswering to 90, and the proportional parts for 13, found by
the rule of proportion, will be .028, which, subtracted from
.8000, as the numbers in the table arc decrensing, leaves 5 977
for the diameter of the enlightened part of Venus. Her avhole
diameter being 12.000, the diameter of the dark part of her
dige will be 6.028; so that she is nearly a half Moon, and not
far from her greatest elongation from the Sun.

"The planet Venus may be often seen in the day-time with the
naked eye; and by means of a telescope, furnished with a screen
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for intercepting the direct vays of the Sun, she may be observed
when she is very near the Sun, both at the superior and infe.
rior conjunctions.

Mr. Dick of Perth has been pa.rucula.rly successful in seeing
Venus under these circumstances. He observed her on the 16th
October 1819, when she was only 6 days and 19 howrs past
her superior conjunction. At that time’ her distance from the
Sun’s eastern limb was only 1° 28’ 42”. Hence Mr. Dick con-
cludes, 15, That Venus may be distinctly seen at the moment
of her superior conjunction with the Sun, with a moderate mag-
nifying power, When her geocentric latitude cxceeds 1° 44/ 47"
and, 2dly, That during the space “of 588 days, in all 19 mdhths,
the time of her revolving from one conjunction of the Sun
to a like conjunction again, when the latitude, at the time of
her superior conjunction cxceeds 1° 44/ 47", she may be seen by
means of an cquatorial telcscope every clear day without inter-
ruption, cxcept at the moment of her inferior conjunction, and

Jour days before and after it Sec the Edinburgh Philosophical
Journal, vol. n, p. 191.

Mars.

The planet Mais is remarkable for the redness of its light,
the brightness of its polar regions, and the variety of spots
which appear upon its surface. The atmosphere of ¥, 0 of the
this planet, which astronomers have long considered red colour of
as of an extraordinary size and density, is the cause M*™
of the remarkable redness of its light. 'When a beam of white
light passes through any medium, its colour inclines to red, in
proparfion to the density of the medium, and the space through
which it has travelled. The momentum of the red, or least
refrangible rays, being greater than that of the violet or most
refrangible rays, the former will make their way through the
resisting medium, while the latter are either reflected or ab-
sorbed. The colour of the beam, therefore, when it reaches
the eye, must partake of the colour of the least refrangible rays,
and this colour must increase with the mumber of the violet

‘rBys that have been obstructed. Hence we see that the morn-
ing and evening clouds are beautifully tinged with red; that
the Sun; Moon, and stars, appear of the same colour when near
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the horizon; and thate very luminous object seen through a dry
mist is of a ruddy hue. Now, the planet Mars is allowed to have
an atmosphere of great density ang extent, as is manifest from
the dim ‘appearance of the fixed stars, that are placed even at a
distance from his disc.! The dim light, therefore, by which
Mars is illuminated, having to pass twice through his atmo-
sphere before it reaches the Earth, must be deprived of a great
proportion of its violet rays, and consequently Ke colour of the
resulting light by which Mars is visible must be red. As there
is a considerable diffcrence of colour among the other plancts,
and likewisc among the fixed stars, are we not “entitled to con-
cludé, that those n which the red colour predominates, are sur-
rounded with the greatest, or densest atmospheres? According
to this principle, the atmosphere of Saturn must be the next to
that of Mars in dcnsity or extent.

After Galileo had discovered the phases of Mars, which are
mentioned in Chap. II, p. 22, 23, Vol. i, Dr. I{ook and (‘assini
discovered upon the disc of this planct a number of dark spots.
Dr. Hook percuved some trifling changes in their poation, but
Cassini had the merit of determining from these changes, that
the diurnal revolution of the planct was performed in 24 hours
40 minutes.

The luminous zone at the southern pole of Mars, which had
been often noticed by astronomers, wa. particularly observed by

Maraldi. During six months’ observations, he found
The lumi. . .
nous zone a¢ ¥it subject to many changes. Somctunes it appeared
o“;‘ﬁ’:ﬂ‘? pole bright, at other times fant, and after completely dis-
appearing, it returned with its original biightness.
When this spot was most luminous, the disc of Mars did not
_appear exactly round, but the bright part of its southern lunb
that terminated this spot appeared to project like a brignt cap,
whose exterior arch was a portion of a larger extent than the
rest of the planet’s limb. This appearance resembled exactly
the new Moon, when the dark part of her discis cnlightened by
, the Earth, and is evidently an optical deception, arising from
" the same cause. See Chap V.

1 Cassini observed, that a star in Aquarius, at the distance of six minutes from
the dise of Mars, became so faint before its dccultation, that it cquld not be seeney a
. with a three-foot telescope. The same phenomenon was observed by Roemer at
Paris. Dr. Heeachel considers the atmdsphere of Mars as less than has betn gene-
nly imagined, but he still zégards itws dense and extensive.
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= In 1719, a favoursble oppertutity occurredfor
the spots upon Mars. When he was within two degreeh of
perihelion, e was in opposition to the Sun, and appenred sut,
perior to Jupiter in brightness and magnitude. Maraldi b

pserved him at that time through a reftacting te 84 feet
long, and saw the appearance which is npnm Figs. 1
and 2. A long belt extending half way round his Plate JIL -
disc, was joined by a shorter belt, forming with it an Sup. lgis
ebtuse angle. By the motion of this angular point, »» %
Maraldi found its daily period to be 24* 40, the very same
with that of Cassini.

These luminous spots were observed-from 1777 Dr. TT

to 1783 by Dr. Herschel, who, by ascertamning the schel’s obsee-
changes in their position, has determined the inclis arasoa
nation of the axis, and the place of the nodes of
Mars. The polar spots are represented at a in Figures 3, 4,
5, 6,17, 8,9, 10, 11, where a is the south polar spot, and 4 the
north polar one. In Fig. 44 the south polar spot has a very
singular appearance, similar to what was observed by Maraldi.
In consequence of its great splendour, it seems to project be-
yond the disc of Mars, producing a break at ¢, increased by the
gibbous appearance of the planet. The south polar spot is re«
presented in Figures 5, 6, 7, 8, 9, 10, 11, which complete the
whole equatonal circle of appearances in Mars, as they are ob-
scrved in immediate succession. These Figures are all con-
nected together in one projection, in Fig. 12. ¢ The centre of
the circle marked 17,” says Dr. Herschel, ¢ is placed
on the circumference of the innet circle, by making
its distance from the centre of the gircle marked 15, anewer to
the mterval of time between the two observations, properly cul-
culate@@nd reduced to sydereal measure. The same has been -
done with regard to the circles marked 18, 19, 20, &c. And,
it will be found by placing any of these connected circles, .80 a¢
to have its contents in a similar situation with the figures in the
single representation which bear the same number, that thess js

.a suffigent resemblance between them; but some al *
must undoubtedly be made for the unavoidable distortiaps o«
casioned by this kind of projection. (PAil. T'rans. Y784, p. 241.)

™ SFrom the shmilarity between gud the Earth, in their
ditirnal motion, and in the position: afjtheir equator, Br. Her-
schel im4gines that the bright spots at the poles of ¢his pla-

voL. II.

Fig. 12,
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net are produced by the reflection of the Sun’s light from its
frozen regions, and that the melting of masses of polar ice is the
cause of the variation in the magnitude of the spots. Mence,
in 1781, when the Antarctic glaciers had not felt for twelve
months the thawing influence of the Sun, the south polar spot
was extremely large, and in 1783, it had suffered a considerable
diminution from an exposure of 8 months to the solar rays.

As the diurnal rotation of Mars has been accurately estab-

lished by the motion of its spots, it was natural to expect, thatin
conformity to the laws of gravity, it should exhibit a spheroidal
form. Owing to the gibbous appearance of this planet, there
is some difficulty in tahing accurate weasures of his equatorial
and polar diameters.  Dr. Ierschel, however, has suceceded in
the attempt. and {found that the figure of Mars was an oblate
spheroid, whose equatorial diameter is to the polar «as 1355 to
1272, or nearly as 16 to 15. Dr. Herschel also found, that the
inclination of Mars’ axis to the cchiptic is 59° 42’5 that the node
of the axis is in 17° 47 of Pisces; that the obliquity of the
ecliptic on the globe of Mars, is 28° 42" 5 that the pomt A
on the c(bptu of Mars, answers to our 19 28 of Sacittmius:
that the cquatorial diameter of Mars reduced to the mean dis-
tance of the Farth, 15 97 87, and that the time of his dinrnal
rotation i~ 24* 89.  The remarkable flattcning at the poles of
Mars probably arises from a considerabl variation in the density
of his different parts. La Place has computed the density of
this planet to be’about 7 of that of the Farth.
" From the circumstance of Mars’» having no satellite, and
appearing to require light in the Sun’s absence, M. Fontenclle
has imagined that this planct is phosphorescent, and gives out,
during night, the light which it has imbibed in the day.

Jupiter.
g siter. The planet Jupiter revolves round his axis in 9
hours 55 minutes and 37 seconds. His form, like
that of the Earth and Mars, is an oblate spheroid, the equato-
rial being to the polar diameter as 14 to 13. This result was _
obtained from the accurate observations of Dr. Herschel, andl 3.
is a remarkable coincidence between theory and obserwation,
that from the influenee of the equatorial parts of Jupiter upon
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the motion of the nodes of his'satcllites, I3 Place has found
the proportion between his cquatorial ‘and polar’diametars to be
as 10000000 to 9286992, a result which differs only a very
little from the ratio of 14 to 13.

When we look at Jupiter through a guod telescope, Jupiter's

"tl
Lis

were first observed by two Jesuits, Zappi and Bartoli. They

pcrccnc several belts or bands extending across belts.
dise, in lines parallel to his equator. These appearances

were afterwards examined in 1633, by Fontana, Rheita. Riccioli,
Grimaldi, and Gampani, the last of whom, on the 1st of July
1664, perecived four dark. belts, and two white ones.  These
Delts are variable both innumber, distince, and position.  Some-

{im

es 7 or 8 belts have been obsarved, and on the 28th May

1780, Dr. ersehel perecived the whole dise of Jupiter covered
with small eurved helts, or rather lines, that were not continuous
across his dise.  'T'his appearance of the planet is represented

in Plate ITT, Fig. 13, 14, The parallel belts, how-

oV e

Plate IT1.
v, are most common, and in clear weather may y 'y g,

be ween by a good achromatie telescope, with a mag-
miying power of 40.  The appearance which they cxhibit in

Dr

15 and 16.  Sometimes they are interrupted in their

Iersehel’s teleseopes, is represented i Figures
Pes, 1 1) EUT g 15, 16,

length, asin Yig. 15, At other tmmes they seem to increase
and diminishalternasetys o run into one another, or to separate
into others of a smaller «ize.  Bright and dark spots frequently
appear in the belts, as represented in Fig. 16, Some of these
revolve with greater rapidity than others, from which it appears,
that they are not permanent spots upon the planct itself.

When Jupiter was in his perihelion in 1785 and 1786, M.
Schrogier observed his belts with a four-foot Newtonian teles-
cope, iagnilying 150 times. He perceived upon his disc, several -
new spots, which were black and round. Tn 1787, he saw two

dar

k belts in the middle df Jupiter's disc, and near to them, . »

two white and luminous belts, resembling those which were
« obsepved by Campani  The equatorial zone; which was com.”
* prehended between the two dark belts, had assumed a datk
g’l ey colour, bordering upon yellow. The northern dark bels
then received a sudden incgease of si size, while the southern one
\hwame pantly cxtinguished, and afterwards increased into an
umntef'rppted elt. The luminous belts"'also sufired several
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changes, growing sometimes narrower, and sometimes one half

larger than their orighnal size.

The appearance of Jupiter, as secn by Schroeter At the time

of its occultation by the Moon, on the 7th April 1792, is re-

Plte v. Presented in Plate V, Fig. 5. The cquatorial belt

Fig. 5, from a to d was very distinct, consisting of two

No. 1. zones a b, ¢ d, of a brownish grey colour, separated
by a more luminous interval & . T'wo well defined stripes,
which Schrocter had noticed for two years, appeared at ¢ and £,
and now crossed the whole disc.  The polar regions at g and /
appeared more dim and grey than the bright part of the planet.
The most remarkable phenomena, however, were two nebulous
undefined spots i and &, perceptibly darker than the prn-
cipal belt d d ; and a still more remarkable spot 7, cireular and
imperfectly defined, and somewhat bighter than the Iummous
space b ¢ ¢ b. A similar spot was observed i 1786 and 1787
in the same part of the planct. At 10" 40 507, the <pot i was
about the middle of its parallel. 1ig. 5, No. 2, shews the pots
and belts when Jupiter was emerging from behind the Moon,
o p being the outward limb of the Moon, and m 2 the boudary
between hght and darkness.

Diferent opinions. have been entertained by astrononiis
respecting the cause of the belts and <pots of Jupiter By <ome
they have beeu regarded as clouds, o s openines 1 the at-
mosphere of the planct, while others imagine that they me of a
more permanent nature, and are the marks of great physicsl
revolutions, which are perpetually agitating and changmng the
surdace of the planet. The first of these opinions sufficicnth
explains the variations in the form and mggnitude of the belts,
but it by no means accounts for the permanence of some of the
spots, and the parallelism of the belts of Jupiter. The
first observed by Cassini, whith reappeared eight times hetween
the years 1665 and 1708, could not possibly be occasioned By
any atmospherical variations: and ifs disappearance for five

years, between 1708 and 1713, is a presumptive, though not a
decisive argument, that it arose from some changes 1 the hedy
of the planet. We are, however, rather disposcd’ to think, that
¢ from the frcquent appearance of this spot, it is permanent npor
-the bndy of Jupiter, and that its dlqappcarance is owing to tl ¢
interposition of clowds in’the atmosphere of the planet: if it
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were the effect of an earthquake or inundation, and if it were
the mark of a new island or continent, as has. beerr conJectm'ed,.
upon what prmcxple can we account for its reappearanee in
1713, in preasely the same form and position? May we not*
then suppose, that the clouds of Jupiter, partaking of the great
velocity of his diurnal motion, are formed into strata parallel
with the cquator ; that the body of Jupiter reflects less light
than the clouds, and that the belts are nothing more than the
body of the planet seen through the parallel interstices which lie
between the dlﬂ'crmt strata of clouds. The permanent spot
seen by Cassini will of course only be seen when it is.imme-
diately below one of these interstices, and will therefore always
appear as if it accompaniced one of the belts.2 .
The four satcllites of J upitcr, of which a short o 4. .
account has been already given in Vol. I, may in htcsofJupl-
general be seen with a telescope which magnifies 80 **
times.  The thind and fourth, indeed, have been sometimes
seen with the naked eye (Phil. Mag. xxv, p. 175), but it is
only when the air is uncommonly pure that we can expect to
be induiged with such a sight.  These small bodies have been
olmerved by astronomers with great assiduity during the last
century, and the tables of their motions have been brought to
a degree of perfection which the most sanguine expectations of
uulmomcLLc\ul_q nevosdhave antlclpated "The tables of War-
eentin for finding the cclipses of these bodies, and the more
1ecent and aceurate ones of De Lambre, founded on La Place’s
theory of their mutual attractions, have been of essential use
w0 gcographers, in enabling them to determine with accuracy
the longttude of places upon the surface of the Earth. To
astronumers the systemn of Jupiter and his satellites is equally
puficetmg.  Though a ecntury and a half has scarcely clapsed
sinc¢ thewr discovery, yet, from the extreme shortness of their
revolutions, they present to us great and interesting clmnges,
which are not effected in the course of many centuries in’the
planctary system. g
" The following table contains a full view of the elemcents of
the satelltes of Jupiter, as deduced from the theory of La
Place, and from the most recent ob§ervauons of modern astro-

\Qmers . .

2 1is spot has always been seen in connexion with the great southern belt of
Jupite}. The belt indeed has been observed without the spot, but this wab pros
bably pwing to a variation in the distance of the belt from the equator of Jupitet.
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In looking at the satellites of Jupiter through a common
telescope, they appear to be of different magnitudes, but their
diamcters arc so extremely small, that it is difficult to obtain
an accurate measure of them by the application of the micro-
meter. The eclipses of these bodies, however, furnish us with
a method of estimating their magmtude for it is evident that
the largest satellite will take longer time than the smallér ones
to enter into his shadow. 1In this way M. Bailly determined
the dameters which are given in the preceding table (Sec A7~m.
Acad. 1771, p- 590, 619, 623). The other measures which
follow them in the same table were deduced by La Place
from the masses of the satcllites, and may be considered as
very accurate (Sce Micanique Céleste, tom. iv, p. 171, 172).
By comparing the shadows of the satelhites when seen upon
the dise of Jupiter, Wargentin found that the third and fourth
wate five or siv times larger than the first, and the first twice as
areat as the second. According to Dr. Herschel, the third satellite
of Jupiter is considerably larger than the rest; the first is a
hittle Lo ger than the second, and nearly the size of the fourth ;
and the second is a little smallcr than the first and fourth, or
the smallest of the four.  Hence the doctor expresses their re-

latrve magnitudes thus, 8. ‘11. .2, (Philosophical Transac-

tione, 1797, Part I1. n.351).

When the’ briTiancy of the satellites of Jupiter is examined
at different times, it appears to undu'go a considerable change.’
By comparing the mutual positions of the satellites with the
fimes when they acquire their maximum of light, Dr. Herschel
concluded that, like our Moon, they all turned round their
asis m the same time that they performed their revolution
my.m.'lupltcr Maraldi had formerly deduced the same re-
“ult for the fourth satellitd, by obswvmg the period ef its®
valations, .

I'rom’the theory of the reciprocal attractions of
the three first satellites, I.a Place has discovercd discovered by
two very remarhable theorems concerning their mo-
tons.  1le found, that the mean motion of the first satel
lite addid to tuice the mean mbtion of the third salellite, is

wBorously equal to thrice the mean motion of the second sa-
M' » that is, mahing m the mean motion of the first, m' that
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of the second, and m” that of the third, we have by the theo.
crem,

m4-2m"=38m', or

m4-2m"—3m'=0.
By taking the mcan motion of the satellites for 100 Julian
years, as determined by De Lambre, La Place found that

m-2m"—3m'= only 9 seconds.

a coincidenee between theory and observation which is truly
astonishing.

The second theorem deduced by La Place is equally cu-
rious, though, from particular causes, it does not accord so
well with observation. He found, that the epoch of the first
satellite, minus three times that of the second, plus two times
that of the third, is exactly cqual to a semicirde, or 180 de-
grees; that is, making ¢ 2 ” the mean longitudes or cpochs of
the satellites, we have

4—3l 4-2i"=180, by theory.
By taking the real epochs of the three satellites for the mid-
night, beginning the 1st January 1750, as determined by De
Lambre, we obtain
{—3l'4-21"=180° 1’ 3".0.

This result differs only 63 seconds from the theory; but the
cause of this difference is very satisfactorily cxplained by La
Place in the Mécanique Cileste, tom.<,.n. 135, 136..

From the last of these theorems it follows, that the three
first, satellites of Jupiter can never be eclipsed at the same
time. For if this were possible, the longitude of three satellites
would be equal at ¢he time of their eclipse, that is, /=0'=",
consequently,

I—3I' -21'=0,
 Which is impossible. When the second and third satellites . w
ecllpsed at the same tunc, their longitudes will be equal ; that
is, l’_l” consequently, in this sase, the theorem becomes

I—I'=180;

that is, ‘ﬂ)e difference of the longitudes of the first and second
is 180°5 but the second being in opposition to Jupiter at the
time of its eclipse, the first satellite must be distant from it
180°; consequently, when the seconp and TriRD satcllitcs of
Jupiter are simultancously eclipsed, the rirst is always in cony '
Junction with Jupiter. On the contrary, it is obvious, *hat
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when the Sun is simultancously eclipsed by the sEconp-amd
THIRD sakellites, that is, when they pass at the same time acrose
his disc, the First satellite is in opposition to the planet.

By following out this principle, we shall find, that when the
FIRST and THIRD satellites arc simultancously eclipsed, the dif~
Jerened between either of their longitudes and that of’ the secoNp
15 60 , for in this case /=2, and the equation Becomes

—8I' 4+ 31"=180°, or
. — I'4 l'= 60"
In like manner, we <hall find, that when the rrrsT and seconp
arc simultancolisly cclipsed, the difference betwcen cither of their
longitudes and that of the Tairp is 90°, or the THIRD is in
quadr ature with Jupiter.  For+in this case I=/',+and hence
~—2l4-2l»=180°, and
— 'y I'= 90~

It is obvious fiom these interesting results, that a wonderful
provision is made in the <ystem of Jupiter, to sccure to that
planet the benefit of his ut«,lhtcs When Jupiter is deprised,
at the same instant, of the light of the first and second satel-
htes, or of the first and tlurd, the remaining one of the three
first cannot posaibly be cchpsed at the same time, but is in
such a point of its oibit as to give considerable light to the
planet. The simultancous cclipse of the second and third sa-
tellites forms an excertron to this remark ; for, at the same
instant, the first <atellite has its dark side turned to the planet.
Even in this case, however, the first satellite, when emerging
from the Sun’s beams, is gradually turning more and more of
its luminous hemisphere to Jupiter, to supply the loss of light
ansing from the want of the other two satellites.

We shall now conclude this account of Jupiter’s satellites,
witd @iving the results obtained by La Place, from a compari-

" son of his formulee with observation.

He found that the orbit of the first satcllite moves upon a
fixcd plane, which passes constantly between the equator and
the orbit of Jupiter, by the mutual intersection of these two
last planes, whosc respective inclination is 3° 5’ 30”, according
to observation. *The inclination of this fixed plane upon the

<equator of Jupiter is only 6} seconds by the theory.” The
Jiclination of the orbit of the satellite to its fixed plane is

ally small ; so that we may conccive the first satellite as in
~ moYjon upon a plane passing through the equator of Jupiter.
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)
into the melting vessel. I could give sufficient

reasods for. the whtle of this: process; but it will be
enough to state, the metal will always prove good
when so maiiaged. el '

#4 The'tin will mostigibe found in too smalt a quan«
tity in the above proportions ; but as-different sorts of
copper require different proportions of tin, the proper
quantity can only be known by meking a trial, which
1 most conveniently done in the second melting, by
taking a small quantity out of the melting vessdl
with an iron ladle, having an upright handle : half
an ounce will be quite sufficient; when cold, gnnd
it upon a plate of metal with a little fine emery, to
discover whether it breaks up too much to bear grind-
ing'; afterwards break it, to judge of its strength
and colour, which may be done in a few minutes:
more 'tin may be added, if required, a little at a time,
until it is brought to a proper state for working. By
working, I mean grinding and polishing. s

¢ Nothing that I have yet mentioned deserves the
name of difficult, compared to the last operation of
grinding and polishing ; particularly in the working
of- Flat metuals, such as %he little metals for & New-
tonian telescope. .

« I have known one of the most experiented work-
men bestow the labour of three wéeks upon one ef
{heae‘, and, after all, he owned to me it was not flat ;
this mstal was not move than two inches in its trans-
verse diameter. But to obtain any thing perfectly
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flat, or straight, or square, or round, arspherical, or
afhy ‘other-figure, is not w?thm the rewh of Human
Mua'y?’ .

The late indefatigable and ingenious Easl of Stan-
hope had a plan for consﬁudl&lg a still more sttipen-
dous Optical Instrument than even the @0 feet
Telescope of Sir Wm. Herschel. Mr. VamLey in-
forms us, in page 36 of No. 1, January 1820, of the
London Journal of Arts and Sciences, that “ his
Lordship’s vast design was no less than the construc-
tion of a Telescope of 384 feet in Length, with Re-
flectors 6 feet in Diameter.

“ The observer may sit or stand in a warm room,
and, without ever changing his position, observe
more than ‘one half of the horizon, the object appear-
ing directly before him, however elevated it may be
in the heavens ; thus continuing in the easiest pos-
tiwe snd without ever being exposed to the open air.
No other telescope affords these very desirable ad-
vantayes.

# I other telescopes, the smallness of the eye-
gladses is very objectionable where highly magni-
[fying powers are wanted ; In compound eye-pieces
particularly, (which are by far the best,) it is next to
iipossible to obtain them small enough. In the
‘Btanhope telescope, the greatest powers can be ob-
thitted with"glosses of not less than two inches focus ;
which dre of a’ size much more manageable in every
oA, e ¥ 2
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years to be more luminous than Saturn himself. Hence Dr.
Herschel has concluded, that it is not any shining fluid, or
aurora borealis, as some hase concluded, but a solid body,
equal in density to the planet. The Doctor is also of opinion,
that the edge of the ring i~ nat flat, but of a spherical, or rather
spheroidal, form.

In examining the plane of the ring with a powerful teles-
cope, he perccived near the extremity of its arms or ansa, -
veral lucid or protuberant points, which scemed to adhere to
the ring.* At fir«t he imagined them to beesatellites ; bat he
afterwards found, upon careful enamination, that none of the
satellites could exhibit such an appearance : and he therefore
concluded, that t]wsc lued pmnts adhered to the ring, and that
the variation in thelr p(mtwu arose from a rotation of the ring
‘Rotation of  Yound its axis, which he found to be performed in
the ning. 10" 82 1574 This result is very remarkable ; for
if we conceive a satellite moving round Saturn, and having for
its orbit the mean circumference of the ring and if we caleulate,
d('(:()l‘dll'l"‘ to the second law of Kepler, its sydcroul revolution,

we thall (md that the duration of its revolution is nearly equal
to the revolution of the ring.  According to Dr. Robison, the
tuner edge of Saturn’s ring should revolve in 11* 167, and the
outer edge in 17" 10, Schroeter seems to doubt of the rota-
tiou of the ring. - .

The surface of the ring of Saturn does not seem to be ex actly
plane.  One of the ansx sometimes disappears, and presents its
dark edge, while the other ansa continued to appear, and ex-
hibited a part of its planc surface  On the 9th October 1714,
the ansa: appeared twice as short as usual, and the eastern one
much longer than the western ;- and on the 12th October, Sa-
turn was seen with only its western ansa.  On the 11th ¢t Ja-
uuary 1774, M. Messier observed both the anse completely
detached from the planet, and the castern one larger than the
othes.  In 1774, Dr. Herschel likewise observed Saturn with
a single ansa. From "these observations, it isenatural to con-
clude, that there are irregularities on the surface of the ring,
and that the disappearance of the anse arises from a curvature
in its surface.

* When the ring of Saturn was extremely oblique to the eye, M. Messicr o'
served upon 1t scveial Juminous peints, which were greater than the delicate b s of
hght that formud the ansec of the ring.
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These inequalities in the surface of the ring are 1, praces
considered by La Place as absolutely neceseary for theory of the
maintaining the ring in equilibrium round Saturn; ¥
and he has bhown, ﬂmt if the ring were a regular body, similar
in all its parts, its equilibrium wonld be disturbed by the
slightest foree, such as the attraction of a comet or a satellite 3
and that it would finally be precipitated upon the surface of the
planct.  Hence this celebrated philosopher has concluded, that
the different rings® with which Saturn s endircled, are .rregular
solids, of uncqual breadth in different parts of their circum-
ference, so that the centres of gravity do not coincide with their
centres of figure; and that these centres of gravity way be
considered as 50 many satelbites cireulating round Satuin, at
distances depending on the imeguahty of the parts of each ring,
and with periods of rotation equal to those of their respeetive
ungs  ence the ring will turn round its centre of gravity in
the same time that it revohves round Saturn. It 1s obvious,
that the action of the Sun and the satellites of Saturn upon
these 11ings, ought to produce motions of precession analogous
to those of the Karth’s equator; and that as these motions
ought to be different for cach ring, they ought finally to move
in diffcrent planes.  This result, however, 1 contrary to obser-
vauon ; and, accordingly, La P].u.;e has di~covered, that the
action of the equator is the cause which retams all the 1ings in
one plane. It was from this phenomenon, of which the cause
is now apparent, that he ascertained the rotation of the planct,
before Dr. Herschel had determined it by direct observation.
Sce Micanigue Célestc, tom. i, p. 165, 373, and Mem. Acad.
I’I:I. 787

Not content with u\p].mmm the various pheno- o
_v~-~.m~pw~cntod by the ring of Saturn, astrohomcrs okt the foe
have travelled beyond the precinets of their science to Mmats o the
explain the manner in which the ring was formed. e
Maupertuis, in his Discours sur la Figure des Astres, has
wamtained, that this haninous girdle was tlm tail of a comet,
which the attraction of ¥a'wn had compelled to crealate around
him.  Mairan asserted that the digmeter of the plauet was ori-
gmally cqual to the diameter of its outer ring ; and, that by

.

V" Mr. Short assures us, that with an cxcelleat tcdescope, he observed the swifuce of
the ming divided by several dark concentue lines, which seem to ndicate a number of
rings “roportional to the number of dark lines which he percerved.
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some unknown cause, the exterior shell of Saturn was broken to

ON THE NEW DISCOVERIFS8 IN SATURN. CH, 111,

pieces which were attracted by his body : But the cquatorial

parts of the exterior shell remained entire, and thus formcd a

ring about the planct

the Larth.

Buffon imagines that the ring is a part
of the equator which has been detached by the excess of cen-
trifugal force. Without spending time in the discussion of those
hypotheses, it may be sufficient to observe, that we may as wdll
attempt to account for the formation of the satellites as of the
ring of Saturn; that none of them seem to have been the «fleet
of any accidental cause; and that the most rational solution of
the diffienlty is to suppose, that when Saturn was created and
launched into the heavens, he was at the same instant enoir-
cled with a luminous rmg, to answer some miportant purpose.
which astronomers have not yet had the sagacity to discovcr.

The disappearance and reappearance of Satwn’s 1ing hayv g
been alicady explamed m Vol. I, § 204, we <hall conclude thus
interesting subject, by pomting out the method of deternme
the phases of Saturn’s ring for any gnen tme. The Tabl
which is employed for thas purpose, serves also to find the foum
of the obits of the four first satellites of’ Saturn, as scen from
(sce Tablcs de Barling tow. i, p. 157.)

Tuble for findirg the apparant Figurc of the Ring and the
Oi bits of the fina frrst Satcllites of Seaturn,

Argument. liong. of Saturn + 13° 43 307,

g } Signs. Signe. Signs. §

o VL L. VIL 1. VIIL o

& — —_ —+ A
0 0.000 0 260 0.151 30

H 0,027 0.28% 0.464 7

6 0.05k 0306 0.476 21

9 0.081 0328 0.486 21

12 0.108 0.348 0495 | 18
15 0.135 0.468 ,0.503 15
18 | 0.161 0.387 0.509 12
21 0.187 0.405 0.514 9
24 0.212 0.421 0.518 6
W 0.236 0.437 0.520 3
30 0.260 0.451 0 521 0
] X1 V. X. 1v. IX. III. §

+ — + — + — [

g‘ Signs. Signs. Signs. a8
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In order to find the figure of Saturn’s ring, add 17 of the
13° 43’ 30” to the geocentric longitude of Saturn, Table.
and with this as an argument, cuter the table with the signs at
the head or foot, and the degrees at the side 5 and the correspond-
ing numbers in the table will express the smaller axis of the
ring, the greater axis being 1000. This result, however, re-
quires a correction, which depends upon the Jatitude of Sa-
turn.  Reducee his latitude, thercfore, to ninutes, and the fourth
part of his latitude, thus reduced, being appiied w the preced-
ing re-ult with the stgn — 3 his Jatitude be nor th, but with the
sign 4 1f his Tatitude be south, will give the trae apparent size
of the lesser axis of the ring.

Let it be required, for example, to fisd the form of Saturn™
ring on the 25th December 1808, when ihe geocentrie longitude
of Satwrn is 8 §° 28, and his geocentric ntitude 1° 677, o G377
narile

. . . . ) .

T'o the geocentric longitude of Satum), meeerseennnn SO | | U

S\id e constant guantiy, P 15 43 30
Argument, 62U 117 B

Wlich corresponds in the table With wopreeveevevirececea +0.517

Ay one fourth of the Jatitude, OF 7 oogmeervrerrs —0.024

The smaller axis of the ring, +0.541

Henee the smaller axis of Satuin’s rirgg iseo its areater axis, at
the given time, as 541 is 1o 1000, so that the ring will be very
openon the 25th Decendber, and may be castly scen with a te-
lescope. When the sign 4 is before the result, it indicates,
that the most distant halt’ of the ving is tarther north than the
centre of Saturn, and consequently, that we sce the upper or
_nerdiern surface of the ringg. The opposite sign — indicates,
that the most distant half” of the ring is wore south than the
centre of Saturn, and the southern side of the ring is then
visible. "The result which is thus obtained, marks also the figure
oi’ the orbit of the four first satellites of’ Saturn.
L ]
When we look with a good teleseope at the body Yigure of

of Saturn, he appears, like most of the other plaets, Saturn.

to b(- of a spherowdal form, arising from a rapid rotation about
bis axis.  On the 144h September 1789, 1or. Herschel meu-
sured Jais diameter, and found that the equatorial diameter was
R2°.8, and the polar diameter 207.6, which gives the proportion
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of nearly 10 to ll It appears, however, from niore recent
, bbservations made by the samesastronomer, that the polar is to
the equatorial diameter as 32 to 85, or as 11 to 12 nearly. Till
the year 1805 Dr. Herschel had always regarded Saturn as an
accurate spheroid ; but on the 12th April of that year, he was
struck with a very singular appearance ekhibited by the planet.
The flattening at the polez did not seem to begin till a very
high latitude ; so that the real figure of the planet resembled &
square, or rather a parallelogram, with the four corners rounded
off deeply, but not so much as to bring-ittoa 5pheroid After
cxamining Saturn with his telescopes, and comparing it with
the form of Jupiter, Dr. Herschel concluded that fhis was the
rcal form of the ring  (See Phil. T'rans. 1805.) This form of

Plate TI.  the planct is represented in Plate II, Figure 7.
Sup. 5. 7. The following are the proportional dimensions of
Saturp’s dire :—

Diameter of the .greatest curvature,R 36
Equatonial diameter, 36
Polar diameter, 32
Latitude of the longest diumeter, 43 20
Spots and 1 he surface, of Saturn is diversified, like that of

belts of some of the other planets, with dark spots and belt-.
Baturn. Huygens observed five belts, which were nearly
parallel to the cquatgr. Dr. Merschel has hikewise observed
several belts, which in general are parallel with the ring. On
the 11th November 1793, immgdiately south of the shadow of
the ring upon Saturn, he perceived a bright, uniform, and
broad belt, and close to it a broad ahd darker belt, divided by
, two narrow white strecaks; so that he saw five belts, three of
whlch were dark, and two bright. The dark belt had a yel-
v lowish tinge. (Ph.l Trans. 1794, p. 28:) These belts generally
covera larger zone of the disc of Saturn than the belts of Ju-
piter owupy upon his surface.
Spots * Dr. Ilerschel has likewise perceived dark spots
woaation of * upon Saturn’s. disc; tnd, by the changes in their
Satarn. position, has determmed the daily rotation of the
planet to be performed in 10" 16’ 0,44, round an axis perpen
dicular to the plane of the ring. La Place had formerly foand
from theory, that the interior ring ought to perform its 1evo-
lution 1 10 hours. (fem. dcad. 1787) 'The ring of Saturn,
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therefore, revolves in the same time nearly as the planet, and
round the same axis.

It is well known, that the flattening at the poles Cause of the
o’ the Forth, Jupiter, Mars, and Saturn, arises great flattena
from the centrifugal force .of their e.quat?nal parts.® a ’,‘: s:l'e&
On account of the great diameter of Jupiter, and the
rapidity of his daily motion, his equatorial parts move with im-
mense veloity 5 and, therefore, in consequence of their great
centrifugal foree, this planet is more flattened at his poles than
dither the LBarth or Mars. It is remarkable, however, that
saturn should be more flattened at his poles than Jupiter,
though the velocity of the equatorial parts of the former is
much less than that of the latter. 'When we consider, however,
that the ring of Saturn lies in the plance of his equator, and
that it is oqually, it zot more dense than the planct, we shall
Gind no difficulty in accounting for the great accumulation of
matier at the equator of Saturn. The ring acts more powerfully
upou the equatorial regions of Saturn than upon any part of his
dise s and by dimiishing the gravity of these parts, it aids the
eentvifugal foree in flattening the poles of the planet. Ilad
Saturn, indeed, never revolved upon its axis, the action of the
ring wonkl, of itselfy have been suflicient to give him the form
of an oblate spheroid.

The planet Saturn is surrounded with no fewer Satellites of
than seven satellites, which supply him with light Saturn.
during the abscnce of the Sun. The fourth of these satellites
vas first discovered by Huygens, on the 25th March 1655.
Cassini discovered the fifth in October 1671, the third on 23d
ecomber 1672, and the first and second in the month of March
168+ The sixth and seventh satellites, which were discovered
by Dr. Herschel in 1789, are nearer to Saturn than any of’ the
rest, though, to avoid confusion, they are named in the order
of their discovery.  These satellites are all so small, and placed
at such a distance from the Earth, that they cannot be seen unless
with excellent telescopes.  Wargentin saw the five old satellites
with an achromatic telescope of ten feet; and, on the 19th De-
cember 1793, Dr. Herschel saw them distinetly with a power of
60 applicd to his ten feet reflector. The sixth and sceventh are
‘the smallest of the whole; the first and second are the next

¢ A machine for illustrating this experimentally, is described in Ferguson’s Lecs
turcs, Vol. I, Lect. I1, p. 55.
VOL. 11. X
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smallest ; the third is greater than the first and second ; and
the fourth is the largest of-them all. The fifth satellite sur-
passes all of them but the fourth in brightness, when it is at its
western clongation from Saturn; but at other times it is ex-
tremely small, and entirely disappears at its castern clongation.
This phenomenon, which was at first observed by Cassini,
appears to arise from one part of the satellite being less luminous

.. . than therest. Inconscquence of the rotation of this
Variation in . . . . .- ..
the hgut of  satellite about its axis, this obscure part of its disc is
;PL:' fitthsatel- turned towards the Earth when it is in the part of its

orbit cast of Saturn; and the luminous part of its
surface becomes visible while it enters into the western part of
its orbit. Dr. Herschel observed this satellite through all the
variations of its light ; and concluded that, like our Moou, and
the satellites of Jupiter, it turned round its axis in the same
time that it performed its revolution round the primary planct.
When he used his twenty feet telescope, he never lost sight of
the satellite, even when its light was most faint,

The first satellite of Saturn revolves at the distance of 4.893
semidiameters of the planet, in 14 21" 18 26”; the sccond at
6.268 scmidiameters of Saturn, in 2¢ 17" 44’ 517; the third at
8.754 semidiameters of Saturn, in 4¢ 12" 25’ 117 ; the fourth at
20.297 semidiameters of Saturn, in 15¢ 22" 41’ 13”; the fifth
at 59.154 semidiameters of Saturn, in 798¢ 7" 53 49" ; the siath
at 3.080, in 23" 37" 23" ; and the seventh at 3.952 semidizucters
of Saturn, in 19 8 53’ 9”.

The following Table shews, at one view, the various particu-
lars which are known respecting these satellites.
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Table, containing the Longitudes, Distances, &c. of the Satellites of Saturn.

Old Names, Sixtk Satellite. | Seventh Satellite.| First Satellite. |Second Satellite. | Third Satelli.e. | Fourth Satellite.| Fifth Satellite.

Periodical revolution. | 22 37’ 3279 | 194 8 53’ 879(1d 21h 18’ 26.2” (24 178 44/ 517.2 |44 12k 25/ 11”.1{15¢ 22k 41/ 13".1{79¢ 7> 53 Amt.L
|Synodical revolution, | 22 37 30 1 8 5324 (1 21 18 548 [2 17 45 51.0 [4 12 27 55215 23 15 20.2(79 22 3 12.9
Periodical revolution, in| D. D. D. D. D. D. D.

days and decimals, 1.37024 0.04271 1.88780 2.73948 3.90311 15.9453 79.3206
Ditto, in seconds, 118389” 81443” 163106” 236991” 461749” 1377973” 68654023
Epoch 1788, 65° 02’ 307° 48’ 131° 91’ 1730 95/ 93¢ 86’ 132¢ 41/ 196° 84’
Daily motion, 381° 962’ 262¢ 727 6 10 41 53 41132 6 |219 4124 |0 22 34380 4 3217
Motion for 365 days, 4 4 44 42 4101519 [9 16 57 & {10 20 40 41 |7 6 2337
Distance in diameters

of the rings, accord-

ing to Bradley, 1.0485 1.344 1.876 4.349 12.674
In diameters of Saturn, 1510 2.5465 3.134 4.377 10 1475 29 577
In minutes and seconds, 26”.6689 36”.7889 43".5 56" 1.18” 3.0” 8 4275
In French leagues, 56390 44053 65149 uwwqu. 116458 270048 884152
Inclination of o1bit, 30° 30 300 30 500 24030’ to 25°55’ 24 45/
Place of node, accord-

ing to La Lande, 5 170 & 5 17° b 5 17 ¥ 1 6 5 170 & & 17 & 4 25 &
According to Cassini, 5 22 0 5 22 0 5 22 0 5 22 0 5 22 0 5 2 0 4 5 0
|Accord'ng to Maralds, | & 16 20 & 16 20 5 16 20 &5 16 20 5 16 20 5 16 20
According to Huygens,] 5 16 30 5 20 30 5 20 30 5 20 30 5 20 30 <5 20 30

New Names, Furst Satellite. | Second Satellite.| Thud Satcllite. | Fourth Sat~llite.| Fifth Satellite. | Srxth Satellite. |Seventh Satellite.




t
132 OF TIE NEW DISCOVERIES IN SATURN. CH. IIT.

The position of the satellites of Saturn, and the figure of
their orbits, may be easily found for any particular time, by
tables of their motione. calculimed by Cascini, and given in the
T'ubles de Berlin ; and from tables calevlated by Dr. erchiel,
and published in the P4 wnk! @ Lrasactions jor 138,
Their configurations m=y ai-» he Fund b overy simple in-
strument called a Saturnilabe, which s dereribed in La Landce®s
Astronomy, vol. i, p. 203,

La Place’s The theory of the satellites of this planet is less
theory of the perfect than that of the satellites of Jupiter.  The
's":::ll::* of  difficulty of observing their eclipses, and of measu-

ring their clongations from Saturn, have prevented
astronomers from determining with their usnal predision the
mean distances and the revolutions of the-» secondary plan: ts.
In the position of their urbits, however, there is somcthing
very remarhable.  While the orbits of the <ix inner <ateliites,
that i the first, second, third, fourth, sixth, and <eveeth, all
liv in the plane of Saturn’s ring, the miblat of the fifth deviates
coasiderably from this plane.  La Place nnagines that the ac-
cumulation of matter at Saturn’s equatorial jarts retains the
orhit: of the six first satellites in the plane of the equator,
in the same manner as it maintains the ring in that plane.
I'he action of the Suv, indeed, tends to draw them from the
plane; but the eficet of this action becomes sensible arly on
the orhit of the fifth or inner <atellite, which sufficientls ac-
counts for the deviation of its path from the general plane in
which Saturn constrains the other <atellites to move. Tl or-
bi's of the satellites of Saturn move, like those of the Moon,
and the « tellites of Jupiter, upon fixed planes, which pass con-
stantly Ly the nodes of the equator and the orbit of Sa uen,
between there two last planes. Thar orbits preserve thir in-
clination ahnost invariable, and thar nodes hine a retiograde
motion near ly uniform.  §ee Mcarique Clleste, tom. iv, p- 178,

185.
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CIIAT. IV.

AC(COUNT OF NEW DISCOVY KIS, &c. RESPECTING THE BODY OF
TILE SUN, AND ITS MOTION IN FREL SPACE.

Wuen welook at the Sun with a telescope of moderate mag-
nifyivy power, furnished with a piece of black glass, to intercept
a portion of the® solar ray . we oceasionally pereeive a number
of dmk spots upon it urf we, of various forms and maguitudes.
Thoush these spots have sometimes been sufficiently large to
be distiagiiclie 110 the nahed eve, yet they were not discovered

Gl wd*er the inventioa of the tddescope.  They scem to have
Dot st seen eitlies by onr countryman Harriet, to whom the
seie ~e of ol ebra was wader great obligations, or by John Fa-
bricius, who publi ed an aceount of hus vbservations in 1611,
at Voatenbap'  The dadieation of this work 1s dated 13th
June 16115 but the observations of Ilarriot upon o .

. . . bscrvations
tiie solar spots beoan on the 8th of December 1610.% of Harriot
1t is obvious, iudeel, from the work of Tabricius, 2nd Fabri-
that e had «.u the Sun’s spots during the year s
1640, hut 1t 1 not certain that he saw them before Harriot.
L1 3+ a ranarkable citcumstance, that Fabricius was acquainted
with no mcthod of intercepting 2 portion of the solar rays, in
ord rto save the eye. e observed the Sun when he was in
the horizon, and when bis Drilliancy was impaired by thin
clouds, and floating sapours; and he advises those who repeat
his obsetvations 10 veceise at first a small portion of the Sun,
and gradually to accustom the eye to a greater portion, till it is
able to Lear tle full blaze of its light. When the altitude of
the dun beeame considerable, Fubricius was compelled to aban-
don his observations; and he infurms us, that his cye was so
ninch affteted by the impression of the rolar light, that, during
the two feliowing days, he could not see objects with the same
distinctness as formerly.

! This work is enutled Joh. Fabricii Phrysis de Maculis in Sole observatiz, et
apparente earum cum Nole «onversione narratio.  Wittchergm, 1611, 4to, 43 pag.
? dee Ephemenides de Berhin, 1788, p. 154.
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Obserrations At the beginning of the year 1611, Scheiner and
of Scheiner-  Gglileo seem to have observed, about the same time,
the spots of the Sun. Scheiner was professor of mathcmatics at
Ingolstadt ; and having accidentally turned his telescope to the
Sun, when thin clouds were flying across his disc, he perccived
a number of black spots, and shewed them to several of his
pupils. The report of this discovery was widely propagated ;
and,} though Scheiner was solicited by many of his friends
to publish an account of the solar spots, yet he was prevented
from yielding to their wishes by a dread of the ecclesiastical
power. His friend Mark Velser, however, who was one of
the magistrates of Augsburg, and to whom Scheiner had
transmitted a detail of his observations, published an account of
the discovery, on the 5th January 1612, in three letters, under
the signature of Apclles post Tabulum. Scheiner imagined
that the spots which appeared on the Sun did not belong to
that luminary, but were planets, like Mercury and Venus,
which revolved in orbits not very distant from the Sun?® Ga-
Observations lileo, who had already made many obscrvations on the
of Galileo.  golar spots, and to whom Velser transwitted a copy of
Scheiner’s letters, with the request that he would gavour him with
his opinion of the new phenomena, was at first averse to hazard
his sentiments on a subject which might again provoke the hos-
tility of the church ; but, on the 4th of May 1612, he at length
ventured to express his opinions to Velser, and to combat the
notion entertained by Scheiner, of the cause of the solar spots.
Galileo observed, that these spots were not of a permanent
form, as they ought to have been if they were satellites; but
that they often united, separated, increased, and dispersed like
vapours or clouds. He maintains, that these spots are upon
the surface of the Sun; that they describe circles parallel to
each other ; that the motion of the Sun round its axis every
month again presents the spots to our view; that some of the spots
continue one or two days, and others thirty or forty ; that they
. contract in their breadth, when they approach the Sun’s limb,
without suffering any diminution of their length ; and that they
are seldom seen at a greater distance than 30° from the Sun’s

® Scheiner, many years afterwards, published a large work on this subject, entitled,
Rosa Ursina, sive Sol ex admirando facularum et macularum suarum phenomeno
varius, a Christophere Scheiner, Germano Suevo, ¢ socictate Jesw. 1630,  Folio,
774 pe .
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equator. Galileo likewisc perceived on the disc of the Su.n
Sfacule or luculi, which are spots brighter than the rest of his
disc, and which move in the same manner as the dark spots.*
The spots of the Sun have been distinctly ob- Geperal phe-
served by astronomers since the time of Galileo, and nomenaofthe
many new and curious facts have been brought to salar spots.
light respecting these interesting phenomena. The spots are
very various, both in magnitude and shape. Most of them
have a very dark nucleus, surrounded by an umbra or a fainter
shade. The boundary between the uinbra and the nucleus is
distinct and well defined, and the part of the umbra nearest the
dark nucleus is gener. ly brighter than the more distant por-
tion. However irregular be the outline of the dark nucleus,
the outer ciremmierence of the umbra is always curvilineal,
without any angles or sharp projections.  'When any spot be-
gins to increase or diminish, the nucleus and umbra expand
and contract at the same time  During the process of diminu-
tion, the umbra encroaches gradually upon the rucleus; so that
the figure of the nucleus, and the boundary hetween it and the
umbra, are in a state of perpetual change ; and it often happens
that, during these variations, the encroackment of the winbra
divides the nucleus into two or more nuclei.  When the spots
disappear, the umbra continues for a short time visible after the
nucicas has vanished, and unless the umbra is succceded by a
Jacula, or luminous spot, the place where it disappears resembles
the other portions of the solar surface. Large umbra arc sel-
dom scen without a nucleus in their centre, but small umbrae
frequently appear by themselves. When Dr. Long was examin-
ing the Sun’s image, received upon a shect of white paper, he
observed a large round spot divide itself into two spots, which re-
ceded from cach other with immense rapidity. The Reverend
Dr. Wollaston perceived a phenomenon of a similar kind, witha
twelve inch reflector. A spot burst in pieces when he was ob-
serving it, like a piece of ice, which, thrown upon a frozen pond,
breaks in picces, and slides in various directions.
Besides these changes in the spots, which are owing to some
causewith which we are yet unacquainted, they undergovariations

% An account of Gualileo’s obscrvations, will be found in his book, entidled, Jstoria
Dimosts asioni, intorno a li macchie solari, Roma 1613. In the preface to this work,
he obsefves that he shewed the spots in the Sun to several peréons in the quiringl
garden of Cardinal Pandini, in April 1611,
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of an optical kind, from their change of position on the disc of
the Sun. The nature of this variation will be easily understood,
by placing a black spot upon a common globe, and observing
the different shapes which it assumes, while the globe is made
to revolve aboyt its axis. When the spot is near the middle of
the Sun’s disc, its breadth is then greater, but it diminishes gra-
dually as it advances towards the edge of his disc. Tl va-
riation in the figure of the spots, and some of the other varia-
Plate II1. tions already mentioned, are repiesented in Plate ITI,
Sup. F1g-17. Fig. 17, where A B is a portion of the Sun’s disc,
and a, a, a, the appearances of a spot on seven successive
days, as observed by Hevelius. Ilence it is obvious, that these
spots are upon the surface of the Sun, and that their motion
across his disc, from east to west, is produced by the revolution
Rotationof  Of the Sun abont his axis. 'The time in which any
;l"’ew?;“"}r;;“ spot returns to its former position upon the Sun’s
the motion of disc, is about 27 days 7 hours and 87 minutes; but
hisspots. g5 the Earth has, during this time, advanced in its
orbit from east to west, and in some mecasure followed the mo-
tion of the spot, the real time in which the spots perform their
revolutions will be found to be 25 days 10 hours. This will be
understood by supposing that a spot has just vamshed behind
the western limb of the Sun ; in the course of 27 days 7 hours
and 37 minutes it again vanishes behind the same hmb ;- but,
during this interval of timne, the Earth has advanced in its or-
bit, and in the same direction with the spot; and therefore,
when the spot reaches the Sun’s western limb, after one com-
plete revolution the western limb of the Sun, behind which it
vanishes, has shified in absolute space to the westward, so that
the spot has performed a complete revolution, and part of a re-
volution round the centre of the Sun.  'We have thercfore 3654
5 48 + 2747 87, or 892 1LP 25' is to 3657 5" 48” as 274
" 37, the apparent revolution of the spots is to 25¢ 9* 56, the
real revolution of the spot, or the time in which the Sun per-
~ forms his rotation about its axis. 'The axis of the Sun, round
which this revolution is performed, is inclined 7° 20’ to the
ecliptic, and the node of the solar equator is in the 18th degree
of Gemini The solar spots are never secn towards the poles
of that luminary. They are generally confined within a zone,
stretching about 80° 5’ on both sides of his equator, though
sometimes they have been seen in the latitude of 39° 5
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M. Silberschlag of Magdeburgh made several observations
on the solar spots in the year 1768, from which he draws the
strange conclusions that they have a motion of rotation, and
that they change their place on the surface of the Sun, inde-
pendent of his monthly revolution. e ol concluded that
the spots h 1 not merely the dimensions of lensgth and breadih,
but that ' v consisted of thick masses of opqae matter.  (Ber-
nouill’s Lett. Astron. p. 6.)

Galileo, ITevelins, (Sih )m'rnl,)’n(t, p. &%), and Theory of
Maupertuis, (Gwores, vol. Lop. G1) seem to lave the wilar
considered the gots as scorta foaing in the in- P
fammable liquid matter, of whi-h l’lvv concave the Sun to
be composed.  This opinton, however, will appear highly
improbable, when we consider the 1egularity with which the
spots frequently re appear on the castern limb of” the Sun, and
the cffeet that the centiifugat foree of' the Sun would have in
carrying all these floating exur i to the equatorial regions.

M. de La Iire and La Lande consider the solar

Opinon of

spots as arising 11t opque body of the Sun, 15014 1Tue
and Ta

the eminences of wiich are ~emetines uncove red. in
Liande.

consequence of the oltvmate flux and reflux of the
lquid igncous matter an which that opaque n.ass 15 generally
. enveloned. The pact of the opaque mess which thus rises

@b o the general surface gives the appearance of the nucleus,
while those parts of the opoagque mass which lie ouly a little
beneth the igneous matter, produce the appeaiance of the sur-
rounding umbra.

This theory has been very ably opposed by our Dr. Witon's

learned countryman, the late Dr. Wilson, profescor Theory.

of practical astronomy in the university of Glasgow, who main-
tains, with great appearance of truth, that the solar spots are
depressions rather than clevations; and that the black nucleus
of every spot is the opaque body of the =un, seen through an
opening in the luminous atmosphere with which he is encireled.
This explanation was suggested to Dr. Wilson by the pheno-
mena of the great solar spot which appeared in November
1769, and is founded on the following facts: When any spot is
about to disappear behind the Sun’s western limb, the eastern
portion of the wmbra first contracts in its breadth, and then
vanishes. The nucleus then gradually contracts and vanishes,
while the western portion of the umbra still remains visible.
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When a spot comes into view on the Sun’s eastern limb, the
eastern portion of the umbra first becomes visible, then the
dark nucleus, and then the western part of the umbra makes
its appearance. When two spots are near each other, the um-
bra of the one spot is deficient on the side next the other ; and
when one of the spots is much larger than the other, the umbra
of the largest will be completely wanting on the side next the
small one. If the large spot have little ones on cach side of it,
its umbra docs not totally vanish, but scems flattened and
pressed in towards the nucleus; but the umbra again expauds
from this compressed state as soon as the little spots disappear.
From .this cause, Dr. Wilson concludes, that the western por-
tion of the umbra may disappear before the nucleus, when a
small spot happens to appear on the western side of the nu-
cleus.  All these appearances strongly confirm the opinion of
Dr. Wilson, that the black part of the spots is the dark body
of the Sun, scen through an opening in the luminous matter.
The reverend Dr. Wollaston, and M. de La Lande, how-
ever, have maintained, that though the ambra generally varies
according to the manner now deseribed, yet the phenomenon
is not universal, and cannot, thercfore, be cmployed as the
foundation of a system. I.a Lande mentions three observations
of his own, and four obscrvations by Cassini and De la Ilire,
in which the umbra did not vanish, as Dr. Wilson describesit.
T'his anomaly, however, may have arisen from some small spots
in the neighbourhood of the large one, and cannot possibly be
considered as an argument, that the spots are not cxcavations
in the Sun’s surface. At all events, it may be shewn, that in
some spots the umbra may not change as it approaches the
limb, in consequence of the shallowness and gradual hhelung
of the opening in the luminous atmosphere.
Dr. Wilson’s  In order to confirm experimentally his theory of
solar globe.  the solar spots, Dr Wilson constructed a globe, con.
siting of two strong hollow hemispheres, formed by pasting
slips of paper upon a wooden ball, and afterwards fastened to-
gether upon an iron axis. A thick paste, made of glue and
Spanish white, were laid, in successive coats, upon this outward
shell, till it Became of considerable thickness. The globe was
then made smooth and spherical; and as soon as it was dried,
and the crust white, the spots or excavations were madg in its
surface, by boring instruments of steel, constructed, in all their
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cutting edges, from a scale of parts of the diameter of the ball.
The bottom of the hollows were then painted black with Indian
ink, and the slope, or shelving sides of the excavations, were
distinguished from the brightness of the external surface by a
shade of the pencil, which increased towards the external bor-
der. YWhen this artificial Sun was fixed in a suitable frame,
and examined, at a great distance, with a telescope, the umbra
and the nucleus exhibited the same phenomena which have
been observed in the real Sun.

La Lande has objected to Dr. Wilson’s theory, that the great
spots scen by De la Hire on the 8d June 1703, and by Cassini
in 1719, made an indentation, or notch, in the solar disc, which
he conceives to be incompatible with the opinion that this spot
was an cxcavation. Dr. Wilson, however, has shewn, that
excavations may cause something like an indentation in the
Suw’s limb ; and maintains, that the notches do not always ac-
company large spots; and that the unfrequency of their oc-
currence, and the want of accurate observations, should pre-
clude astronomers from bringing them forward in support of
any class of opinions.

We conceive that the most irrefragable objection to the opi-
nion, that the spots are eminences, which rise above the general
level of the luminous matter, arises from the uniform diminu-
“ucn of the spots, as they advance from the central part of the
Sun to his western limb.  If these dark solar niountains are
deserted by the luminous matter, why do they appear largest
when they reach the centre of the Sun’s disc? Whenever the
height of the mountains greatly cxceeds the diameter of their
base, instead of contracting in the dimension of breadth, they
ought to increase as they approach the limb; and, at all cvents,
should exhibit phenomeua very different from what should take
place upon the supposition that the spots are Jepressions in the
luminous matter. It may be said, indeed, that the height of
these eminences bears no proportion to the diameter of their
base ; but this is an assumption of which no theorist is cntitled
to avail himself.

The facule, or parts of the surface of the Sun g, o
which are brighter than the rest of his disc, requirc brght spots

to sbe examined with good telescopes. 'Ihey are ™ fheSun-
generally seen in the places where spots have appeared ; and
sometilnes the facula which envelopes an assemblage of spots, is
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distinguished by a very grcat degree of brilliancy. These
facule, accordmg to the reverend Dr. Wollaston, are often con-
verted into dark ones. He observed a bright facula appear
on the east limb of the Sun, which next day became a spot.
(See Phil. Trans. 1774, vol. 64, 837, and Ancicns Memoires,
p- 663.) He also observed a mottled appearance over the face of
the Sun, which, though most visible near the limb, was alwo
perceptible in the centre, but never appeared towards the poles.
The cclebrated astronomer M. Messier has made a number of
curious observations upon the solar facule. Ile often <aw
them enter upon the disc of the Sun, disappear as they ap-
proached the centre, and aftcrwards re-appear on his other limb.
In general, they continued visible for about three days after
they appeared, and were seen, for the same spave of time, be-
fore they quitted the Sun's westein limb.  In these facula,
spots generally arise, of a magnitude proportional to the
brightness of the facula.  When this did not happen, M. Mcs-
sier found that the facule were the precursors of spots, which
ordinarily appcared near the same place on the following day ;
and henee he was alvaysabie to predict the appearance of spots
about 24 hours before they entered the Sun’s dise, and to anti-
cipate from the situation and brightness of the facule, the
brilliancy and position of the spots themselves.  See Mem. Acad.
Par. 178% M. Schrocter has scen these faculie in every pa.
of the Sun’s liub, but particulmly in a zone between 20 of
north and 20° of south solar latitude. Thcy generally sub-
tended an angle of about two or three minutet, and always ap-
prared most brilliant when they were near the limb.  (Beo-
bachtungen, 1759.)

Observations  Such are the observations which were made upon
of Dr. Ha- the rolar spots before they were examined by the
schel. powertul telescopes of Dr. Ilerschel.  This astrono-
mer coutinued his obsemations from 1779 to 1794, and has
disclosed a number of curious phenomena, which throw much
“light upon the natnre and con-truction of the Sun.  Before we
dlrcct the attention of the reader to the several conclusions
which the Doctor has deduced, we shall give an account of the
dilferent phcnumena which he observed on the surface of that
luminary. It will be necessary, however, to premise, that hc re-
guds the laninous suifuce of the Sun as neither a liquid sub-
tance, nor an clastic fluid, but as luminous clouds, floating in
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the solar atmo-phere; and that he c)ngiders the dark nucleus

of the spots as the opaque body of the Sun, appearing through
the openings in his atmosphere. Rejecting the old terms, of
Spots, Nuclci, Umbrwe, Faculie, &c. Dr. I1erschel has frumed
a new nomenclature, and comprehends all the solar appearances
ander the names of Opevings, Shallows, Ridges, Nodules, Cor-
rugations, Indc) te "<, and Pores.  (See Phil. Trens. 11945
and 1201, Part [X.p 1)3)

Oponings are tl ¢ appesi e, in which the
u}..uluc body of "¢ wum i viable, in’ consequence
of the removal of 1 ut ot the lnmnous clouds. One of these
opemnas, with a el w hout it, which was scen on the 4th
January 1801, & good wav pact the Sun’s centre, is 3, 11
representedt in Plate TIT, 'z, 18, Oa the wosfen Sup. iz,
side of the Lallow, its thickness was visible from  1¢9b
its surfuce down® arde 3 Lut, on the ewtern side, the thick-
uess could wot be saony the ed oo of the shallow only being
visible. .\ section of tis oper. i, is shewn in ¥iz. 19, where
the lines @ bed fy co respondia, with thowe in Fig. 18, are
cupposed to be drawn feem the ¢ o the observer. The line
d pa-~es through the opening to the of aque body of the Sun
Tt is obvious, from Lig. 145, that the thickness of' the shallow
_isvisihle only on one side, from the posicon of the obeerver’s
(ve. Laroe openings ate ecncrally surtownaddad with shallows,
though man. openiaps, nd }..nh(l] 1]y rmall ones, have no
shallmu. Opcrings Lave a tendetn: to i nio cach other
and new ones oiten frcak out near others. Rudges and nodules
generally accompany openings. Dr. Herchel imagines that
the opcnimgs are pue "eead by an clastie gas, which icsues
through the incipicat « pennuns, or pores, and, forcing its way
throvgh themy, sprced o dfoa the larmous elouds. The di.
1cetion of 1he gascous sticami 15 cown oblique; so that the lu-
minous clouds we dvvn latorily, and form 4 larger shallow
on one ~ide.  Oponin s sowrctines bave a difference of colour.
Th(,y divide when dec ved, and ometimes they increase again
but, in general, when tuey are divided, they diminish, .-uld dis-
appear, leaving the curtace more than usually disturbed. They
arc sometimes comverted into large indentations, and not un-
frequently into pores. Fig. 20 represents an opening, with a
branch from its shallow: In the course of an hour it assumed

Opevings.
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the appearance shewn in Fig. 21. Fig. 22 is another opening,
with a long shallow. In three hours it assumed the appear-
ance in Fig. 23; and an hour after this, an opening ap-
peared in the shallow, asin Fig. 24. The openings are gene-
rally at their greatest extent, as in Fig. 25, when the shallows
begin to vansh, and the lips, or projections, to disappear. The
division of the decaying opening is shewn in Fig. 26, where
the luminous passage across the opening resembles a bridge
thrown over & hollow.

Shallows afe places from which the luminous so-
lar clouds of the upper regions are removed, and are
therefore depressed below the general level of the surface of the
Sun. The thickness of the shallows is visible : they sometimes
exist without openings. They generally begin from the openings,
or branch out from shallows already formed, and go forwards.
Fig. 27 shews the two branches, A, B, of a shallow, proceeding
from an opening, C. In the course of half an hour, Fig. 28, the
shallow B is nearly united to the narrow part of the shallow sur-
rounding the opening D, while the shallow A seems to advance
in a direction towards the opening E. In the space of another
half hour, the shallow B has completely run into the shallow
about D, while the shallow A has increased in breadth towards
F. The shallow A became afterwards pointed, as in Fig. 29;
and in the course of an hour, it became broad at the point, and
a new branch broke out at G. From these changes, Dr. Her-
schel concludes, that the shallows are occasioned by some-
thing issuing from the openings, which drives away the lu--
minous clouds from the parts where it finds the least resistance,
or which dissolves these clouds as soon as it reaches them.
The new branch afterwards began to increase, and another
branch, marked H, Fig. 28, began to break out from the shal-
low around E. These changes Dr. Herschel attributes to the gas,
or substance, which at first forced open the passages, and is
now widening them. Three small branches, a, b, ¢, were seen to
- project from the shallow of the large opening in Fig. 31. The
vacancies between these branches were afterwards filled up, by
the same cause that occasioned them, so as to increase the
breadth of the shallow on that side of the opening. The shal-
lows have no corrugations, but are tufted, like masses of dense
clouds. The decay of the shallows is supposed to arise from

Shallows.
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the encroachment of the luminous clouds, in consequence of
the enfeebled energy of the gas or substance that produced
them. .

Ridges are elevations of the luminous clouds above _ .
their general level, or above the general surface of Tidges.
the Sun. These elevations generally surround openings, though
they have sometimes been perceived where openings do not
exist. Ridges soon disperse. One of them occupied a space
which subtended an angle of 2 46, corresponding to 75,000
Englich miles. Dr. Herschel ascribes the formation of the ridges
to the disturbanec of the luminous clouds, by the elastic gas
which issues from the opening; or he conceives that this gas
may act below the luminous clouds, 5o as to elevate them above
their ordinary level.

Nodules, formerly called facule, or luculi, are
small, but brilliant, and highly clevated parts of the
luminous clouds. Dr. Ilerschel imagines that they may be
ridges, secn obliquely, or foreshortened.

Corrugations are elevations and depressions of the
luminous matter, having a mottled appcarance, and
consisting of light and dark places. The dark places appear
to be lower than the bright places; and, in a favourable atmo-
sphere, the corrugations may be as distinctly perceived as the
vough surface of the Moon. They extend over every part of
the Sun’s surface. Their shape and position is perpetually
changing, and they increase, diminish, divide, and vanish
quichly.

Indenfations are the dark parts of corrugations ; Indentations.
and from the circumstance of their being visible very
near the limb of the Sun, it would appear that they are not
much depressed below the level of the luminous clouds. The
sides of the indentations are like circular arches, (See Fig. 32),
with their bottoms occasionally flat. Indentations are of the
same nature with shallows, varying in size, and sometimes
containing small openings, and at other times changing into
openings. They extend over the whole surface of the Sun,
and, with small magnifying powers, they have the appearance
of points. .

Pores are small holes or openings in the low places
of indentations. Sometimes they increase and be-
come oenings, and frequently vanish in a short time.

Nodulee

Corrugations.

Pores.
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From thesc interesting facts, Dr. Ilerschel has
Dr. Her. .
schel’s theory deduced a theory of the solar phenowmena; which,
°{'fh¢ solar - however ingenious it may be, is founded on assump-
PRencmei®  tions too arbitrary aund gratuitous to be recognis-
ed in a science which admits<of no evidence but demon-
s.ration. To suppose that the nynicrons ircegularitic. on the
surface of the Sun are occasioned by an clastic enipyreal gas
which rises through the opcmnfva, and disturbs the cquilibrium
of the luminous mass, is to shew how these irrequlmities may
be produced by the action of a hypothetical asent; but it never
can be considered as an explanation of the processes vwhich na-
ture is carrying on in that immense depos<itery of fire. But
though we cannot admit the hy pothesis propo~cd by this learned
and ingenious astronomer, we are disposed to acquicsee in some
of the important conclusions which he has drawn from his ob-
servations. From the numerous clevations and dopressions of
the luninous matter, and from the length of thine during which
they are visible, the Doctor justly imbrs that the shining matter
of the Sun is not a fluid, but a mass of Jumineus or phosphoric
clouds. e conceives, from the unifornity of colour in the
shallows, tlLat below these self-lnminous clouds there is another
stratum of clouds of inferior biightucss, which 15 intended
ac a curtain to protect the solil and opague body of the Sun
from the intense brilliancy and heat of the lwninous clouds.
By means of his photometer, Dr. Ilerschel found that the light
reflected by the inferior clouds is 469 out of 1000; and that
the light refiected by the opaque body of the Sun is only 7.
Henee it appears that the Sun consists of a dark solid nucleus,
surrounded by two strata of clouds. The outermost of these
is the region of that light and heat which is diffused from the
centre to the remotest parts of the system, while the interior stra-
tum is supposed to protect the inhabitants of the Sun from the
fiery blaze of the stupendous furnace by which they are ine
clored.®

5 Ttis a curious fact, that the opinions of Dr. Herschel, respecting the nature of
the Sun, weie maintained about 22 ycars ago by a 1)r. Elliot, who was tiicd at the
Old Builey for shooting Miss Boydell. 'The friends of the Doctor maintained that
he was insane, and called sevcral witnesses to establish this point. Among these
was Dr. Simmons, who declared that Dr. Elliot had, for some months before, shewn
a fondness for the most extravagagt opinions; and that, in particular, he had sent
to him a letter, on the light of the cclestial bodies, to be comuunicated to the lioyal
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. That the Sun may, at the same time, be the Natursl
source of light and heat, and yet capable of support- ju:im hpz
ing animal lifc, is one of those conclusions which we Your of this
arc apt to admit without hesitation, and to cherish :
with peculiar complacency. The mind is filled with admira.
tion of the wisdom of God, and swells with the most sublitqe
emotions, when it conceives that apparently the most inacces-
sible regions of creation are peopled with animated beings ; and
that, while the Sun is the fountain of the most destructive of
the clements, it is, at the same time, the abode of life and feli-
city. In impressions of this kind, however, delightful though
they be, we must not rashly indulge, lest we should afterwards
find that we have been admiring an order of things which does
not exisf in nature, and have thus been indirectly reflecting on
the infinite wisdom that sanctioned an opposite arrangement.
Whenever we allow our feelings to interfere with our reasonings,
we are apt to yield ourselves to the guidance of loose analogies
and mperfect views, and become the defenders of opinions,
which every subsequent observation and discovery will only
tend to overthrow. We conceive that the opinion of the Sun’s
heing a habitable globe rests on reasonings of this nature ; and
as the subject is curious and worth examination, we shall en-
deavour to place it in its proper light.

When the invention of the telescope cnabled astro~ o
nomers to deteet the striking resemblances between of Dr. Her.
the different planets of the system, it was natural to "' theory.
conclude, that as they were composed of similar materials, as

* they revolved round the same centre, and were enlightened by
similar moons, they were all intended by their wise Creator to
be the region in which he chose to dispense the blessings of
existenee and intelligence to various orders of animated beings.

. Society. Tlus Ictter confimed Dr. Simmons in the belief that this unhappy man was
under the mfluence of this mental derangement ; and, as a proof of the correctness of
thts opinion, he directed the attention of the court to a passage of the letter, in which
2)r. LIhot states, ¢ that the light of the Sun proceeds from a dense and universal
aurora, which may afford ample light to the inhabitants of the surface (of the Sun)
beneath, and yet be at such a distance aloft as not to annoy them. No objection,
says he, anseth to that great luminary being inhabited ; vegetation may obtain there,
as well as with us. There may be water and dry land, hills and dales, rain and
fair weather; and as the light, so the season, must be eternal ; consequently it may
easily be conceived to be by far the most blissful habitation of the whole system.™
(Sec the Ghntleman’s Magasine for 1787, p. 636.)

VOL. IL L
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The human mitd cheerfully embraced this sublime view of cre-
ation, and, guided by the principle that nothing was made in
vain, man extended his views to the rehotest corners of space,
and perceived in every star that sparkles in the sky the centre
of anew system of bodies, teeming ‘with life and happiness,
‘snd displaying fresh instences of the power and beneficence of
Qeu’ Maker. + Havjng thus traversed the illimitable regions of
space, and, consideting every world which roll» in the immense
void as the scene on which the Almighty has exhibited his per-
fections, the mind, unable to command a wider range, rests in
satisfaction on the faithful analogies which' it has pursued.
While the planets were thus regarded as habitable worlds,
astronomers considered the Sun and the stars as the reservoirs
from which light and heat were dispensed to man, and as the
great central magnets which bound together, and guided in
their course the various planets which surround them, These
wffices were reckoned sufficient for the great luminary; and
astronomers were led by no analogy, and by no consideration
of fina} causes, to view it as the seat of animal existence : they
left it to the poets to people, with a colony of salamandcrs, these
regions of eternal fire.

The solar observations of Dr. Wilson first suggested the
opinion that the Sun was an opaque and solid body, surrounded
with a luminous atmosphere ; and the telescopes of Dr. Herschel
have tended still farther to establish this opinion. The latter
of these astronomers, therefore, imagined that the functions of
the Sun, as the source of light and heat, might be performed
by the agency of its external atmosphere ; while the solid nu-
cleus was reserved and fitted for the reception of inhabitants.
This conjecturc, however, is consonant with nothing which we
find in nature. It is inconccivable, indeed, that luminous
cluds, yielding to every impulse, and in a state of perpetual
change, could be the depository of that devouring flame, and
that insupportable blaze of light which are emitted by the Sun;

~and it is still more inconceivable that the feeble barrier of pla-
netary clouds could shield the subjacent mass from the destruc-
New theery tive elements that raged above.® The opacity of
poposed.  the interior globe of the Sun is no reason why it may

¢ «.Jf we inquire,” says an eminent author, ¢ into the intensity of the heat which
must necessarily exist wherever this combustion is performed, we shsjl soon be
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not actapartmtheproductwnor preservation of the salar heat.
* On thé contrary, it appears highly probable and oudisistensowith
other discoveries that the dark solid nucleus of the Sun is the
magazine from which its heat is discharged, while the luminous
or phosphorescent mautle, which that heat freely pervades, is
the region where its light is generated. Dr. Hersehel's own
expecriments assure us, that invisible rays, which have the
power of heafing, and which are totally distiget from those
which produce light, are actually emitted from the Sun: and
that luminous rays, incapable of producing heat, are discharged
from the same sdurce. These facts, therefore, not only con-
firm the theory which we have stated, but receive, in return from
that theory, the most satisfactory explanation. The invisible
rays which pervade every part of the solar spectrum, formed
by a prism, and which extend beyond its red extremity, are
emitted from the opague nucleus, and thercfore excite no sen-
sation of light on the human retina; while the coloured rays
wlich form the spectrum itself are discharged from the lumi-
nous matter that encircles the solidinucleus, and are therefore
endowed with the property of illumination. Hence it is casy
to assign the reason why the light and heat of the Sun are ap-
parently always in a state of combination, and avhy the one
emanation cannot be obtained without the other. The heat
projected from the dark body, and the light emitted from the lu-
minous atmosphere, are thrown off in lines diverging in every
possible direction ; so that the two radiations must be umformly
interpingled, and; as in a stream flowing from two contiguous
' sources, the heat must always accompany its kindred element.
That light and heat are two different substances, distinguished
by different properties, is a proposition which seems to flow

from the most recent experiments; 'We find the invisible heat
3

vopvinced that no clouds, however dense, could impede its rapid transmission, ever
® to the parts below. Besides, the diameter of the Sun is 111 times as great as that
of the Earth ; and, at 1ts surface, a heavy body would fall through no Tews than 450
feet in & single second ; so that, 1f every other circumstance permitted human beifigs to
,remde in it, their own wéight would present an insuperable dificulty, since it would
becomeneulySOumangrmnupon the surface of the Earth, and a man of
moderate size would weigh abm two tons.” Dr. Thomas Young’s Nat. Phil. vol.
i, p. 60,1, 2.

The quanti'y of heat which Is transmitted to the habitable regions of the Sun for
the purposes of vegetation must necesagrily accumulate, tll 1t becomes insupportable,
as there i‘no possibility of its escaping back to the luminom' atroosphere.
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of the Sun esisting eeparately fron its light, and possessing a
degree of siefsangibility less than the least refrangible *rays of
the primmaticspeetrums.  Light has likewise been found sepa-
rate froth beat; and though it may be imagined that this arises
from the extreme attenuation of the light, yet when the light or
the Moon is concentrated by powerful burning mirrors, we
eught certainly to have expected that the heat, i any did exist,
would be apprgciable by delicate thermometers. Every attempt,
however, to detect heat in the rays of the Moon has completely
failed ; and we are therefore entitled to presume that a greater
proportion of heat than of light has been absorbed by that lu-
minary. If light and heat, then, be two different substances,
endowed with different chemical and physical propertics, is it
not unphilosophical to suppose, that they are emitted from the
same source, when we have actually two different regions in
the Sun, to which we can with more propriety refer their ori-
gin?

This opinion, which we propose only as a conjecture, founded
on the most probable analegies, will receive considerable confir-
fnation, if we can adduce any strong analogical arguments against
the supposition that the Sun is a habitable world; for if the
nucleus is net fitted for the reception of living beings, it is the
more probable, that it acts a capital part in the production or
presérvation of the solar heat. Some arguments have alrcady
been suggested relative to this point. We shall endeavour to
illustrate two other considerations, which, we trust, will have some
weight in favour of our opinion. Since those who consider the
Sum as a habitable world, found this opinion upon analogical
arguments, we are entitled to avail ourselves of all the assist-
ance which can be drawn from the same source. If the Sun,
then, be a great habitable planet, we may expect to find in it
those points of resemblance to the other planets which are re-
garded as distinctive marks of a habitable world ; and if we shall
find, that any analogy which subsists with respect to all the
pther plancts fails, when applied to the Sun, we are entitled to
consider this difference as a proof that the Sun is not inhabited.

In proceeding from the remotest of the planets to the centre
of the system, we find, that a general Jaw prevails respecting
the densities of the plancts. These densities appear to increase,

as the planet is nearer the Sun. 'ghus, we have for the density
of the - b
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With a single exception in the case of the Georgirlm Sidus,
whose density is mot yet accurately ascertained,” the densities
uniformly increase according as the habitable world approachés
to the centre of light and heat. We should, therefore, have
expected, from agalogy, that the habitable part’ of the Sum
would have excreded Mercury in density ;* because it is nearer
than that planet to the source of light and heat. This, how-
ever, is far from being the case ; the density of the Sun is only
1%, a little greater than the density of water. Here, then, we
have a complete breach in the analogy which we anticipated ;
and it is no objection to this argument, to say, that the situ~
ation of the Sun, in the centre of the system, may exempt it
from the gencral law of density ; because this is a virtual ad-
mission, that analogical reasoning, on which Dr. Herschel's
opinion is founded, cannot be fairly applied in such a case.

» If the Sun 15 a habitable globe, we can scarcely avoid draw-
mg the conclusion with Dr. Elliot, that ¢ it must be by far the
most blissful habitation in the whole system.” We should ex-
pect, at least, that the solar inhabitants would be rational heings,
endowed with intelligence equal to that of man, and availing
themselves of their central position, to study the interesting phe-

. nomena of the various planets which revolve arouhd them, and
of the numerous suns which their own globe would seem to re-
semble. If there is one place in the system more than another
where astronomy could be studied with the greatest facility, and
carried’ to the hlghest perfection, that place would be in the
Sun, where, excepting the phenomena arising from its monthly

« rotation, the rcal and apparent motions of the heavenly bodies
must be exactly the same. But these results of analogy are

.mere illusions of the mind: Nature has drawn an impenetrable

« curtain between the inhabitants of the Sun and the worlds which
circulate around them ; she has doometl them te the most soli-
tary dwelhng in the whole circle of creat.mn, and has marked
them as either unfit or unworthy to enjoy the noblest privileges
of m‘tekgent beings. The planets and the stars “are equally
invisibl from the surface of this luminary, unless when a tran.
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l’enfl' of the Heavens is obtéined through an accidental
opening in the solar atmosphere. ¥rom the year 1876, to the
year 1684, there was not a single tpot in the Sun’: gtmesphere ;!
so that, during eight successive ycars, the inhabitants of that
globe, if they do exist, never once obtained a glance of that
starry firmament, from the contemplation of which a Supreme
Being could rcarcely have excluded any of his rational creation.
"To maintain, therefore, that the Sun is peopled by intelli
gent beings, is to reason in defiance of the strongest analogics,
and support pinions which posterity will rank among the aber-
rations of the human’ wind. Might we not as well supposc,
that the central caverns of our own planet, which cosmpgonists
have filled with fire or with water, are the abode of a rational
population, who, like the inhabitants of the Sun, are occasion-
ally permitted to obtain a transient view of the heavens, through
the craters of volcanoes, or the chinks and fissures which may
accompany the convulsions of the globe ?
On the Before concluding our remarks upon the construc-
cone- N . .
aexion of the tion of the Sun, we must take notice of another opi-
:‘;%; nion of Dr. Herschel’s respecting the solar spots,
e . .
productive-  Which has been less generally reccived than that
nem of the  which we have been combating. Imagining that the
luminous atmosphere of the Sun is the region of
light and heat, he concluded, that when the ridges, corruga-
tions, and openings in this atmosphere are numerous, the heat
emitted by the Sun must be proportionally increased, and that
this augmentation must be perceptible by its cffects upon ve-
getation. He expected, therefore, that in those years when the
solar spots were most numerous, vegetation would be most lux-
uriant ; and that this effect might be ascertained from the price
of wheat, as marhing the productiveness of the scasoi. By
comparing the solar appearances, as given by La, Landc, with
the table of the price of wheat in Smith’s Wealth of Natious,
he obtained results which, on the whole, appcar favourable to
his hypothesis. We do not readily see upon what principle
Dr. Herschel toncludes that the existence of spots indicates an
abundance of laminous fnatter. We should rather have been
disposed to think, that in proportion to the number and mag-
nitude of the openings,.the light and heat of the Sun would
have been diminished, as so much of the Sun’s surface is then

disqualified for the discharge of its usual functions. If Ithere is
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really an increased luxuriance of vegegation im those

when the solar openings, &c. are most numerous, an

which we are much disposed to call in question, we conceive
that the theory which we have already explained affords a very
satisfactory explanation of the fact. The heat being supposed
to be emitted from the dark body of the Sun, it is obvious, that
when there is any opening in his luminous atmosphere, the hegt
emanating from the internal nucleus must be more copiously
discharged, in consequence of recciving no obstruction from
the luminous clouds; or, if we regard the variations in the
Sun’s surface as produced by variations it the heat which rises
flom the nucleus, we may nawrally suppose, that when the
heat of the Sun is mos? intense, it will produce the greatest
changes in the luminous atmosphere.

Dr. Herschel has invented a very ingenious con- ening
trivance for moderating the heat and light of the apparatus for
Sun, when it is examined by raeaps of powerful g‘::."‘g the
telescopes. (Phil. Trans. 1801, p. 3G2.) He aban-
doned the common method of using dark-coloured glasses, and
had recourse to fluids. For this purposc, he employed a small
square trough, having, in two of its opposite sides, well polished
plates of glass. A emull handle on one side of the trough,
and a spout in the other, were made, for the purpose of pouring
out any portion of the liquid when the rest was to be diluted.
The trough was then placed in an excavation in the eye-piece
of the telescope, so that the rays of the Sun might pass through
the fluid before they reached the eye of the observer. By co-
louring the fluid, the light may be softened at pleasure, and
the heat is completely removed by sthe water. Dr. Herschel
found that ink, diluted with water, and filtered through paper,
gave a distinct image of the Sun, as white as snow. By this
mixture, he could observe the Sun in the meridian, without the
smallest injury to his eye, or to the glasses, even when he used-
a mirror nine inches in diameter, and when the eye-pieces were
open, as in night observations.

As the phenomenon called the Zodiacal Light has On the Zoat-
been ‘generally supposed to arise from the Sun's at. ! Light.
mosphere, we consider this as the proper place for giving an
acconnt of the appearance. Though this light seems to have
been observed by Descartes ( Principia, § 136, 137;) and by
Childrgy, about 1659 (Britannia Baconica, 16615) yet it did
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B  attract general nggice till the year 1693, when it was ob-
setyed by Cpepini, and received its present name. The zodia-
cal light, which is less bright than the milky way, is seen at
certain seasons of the year, before the rising, and after the
setting of the Sun. It resembles a triangular beam of light,
rounded a little at the vertex. Its base is turned towards the
Sun, and its axis is inclined to the horizon, and lics in the
direction of the zodiac. The vertical angle of this lununous
cone is sometimes 26°, and sometimes 10° ; its length, reckoning
from the Sun, which is its base, is sometimes 45°, and at other
times 150°. M. Pingre saw one in the tornd zone, which was
120° long, and whose horizontal breadth was from 8 to 30%
(See Traité Physique ct Historique d¢ L’Aurore Boreale, par
M. de Mawran, 1731, 1754.) The best time for seeing the
zodiacal light is about the 1st of March, at seven o'clock in the
evening, when the twilight is ending, and the equinoctial point
in the horizon. The lumipous triangle will then appear to be

Plate IT1T. directed towards Aldebaran, as in Plate ITI, Fig.
Fyg. 33. 83, its axis forming an angle of 64° with the hori-
zon; but if it is viewed in the morning, before sunrise, the
angle which it makes with the horizon will be only 26°. 1In
the year 1781, M. Flauzeres observed it in the month of Ja-
nuary. . On the 21st of March, at half-past seven o'clock, it
ended beyond the Pleiades, and was 61° long, 10}° broad, and
8 high. According to M. Foulquier, the zodacal hght is al-
ways scen at Gaudaloupe, unless when the weather is bad. M.
Humboldt observed the zodiacal light at Caraccas on 18th Ja-
nuary, after 7" . M. The point of the pyramid was at the height
of 53°. The light totally disappeared at 9" 35’ apparent time,
about 3" 50’ after sunset, without any diminution in the serenity
of the sky. On the 15th February it disappeared 2" 50" after
suhset, and the altitude of the pyramid was 50° on both those
ocegsions ; the intensity of the zodiaeal light varied in a very
sensible manner, at intervals of two or three minutes. These
~changes took place:in the whole pyramid, especially towards
the interior, far from the edges; sometimes the light was very
faint, and sometimes it exceeded that of the milky way in Sa-
gitarius.—(Humboldt’s Personal Narrative, Vol. 1V, p. 95.)
As this phenomenon uniformly accompanies the Sun, it has
been naturally ascribed to an atmosphere round this luminary,
extending beyond the orbit of Mercury, and sometimep even
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beyond that of Vesus. The zodiacal light 1s'juppbted t Yo
a section of this atmosphere, which, being extremely fiat m .
poles, cannot be supposed to partake of the Stiy's monthly.
motion. M. Laplace has shewn that the Sun’s atmosphere an-

" not reach even thé orbit of Mercury, and that it could not in
any case display this particular form. Dr. Thomas Young
(Lect. on Nat. Phil. vol. i, p. 502) remarks, that the only
probable manner in which it can be supposed to retain its
figure, is by means of a revolution much more rapid than the
Sun’s rotation. Some philosophers have ascribed the pheno-
menon, without®any reason, to the refraction of the Earth’
*atmosphere.

RBesides the revolution of the Sun round his axis On the dis-

in 25 days, and his irregular motion about the centre 5::";:‘:“;‘
of gravity of the Solar system, he appears to have his progres-
a progressive motion in absolute space. As'll the sive motion.
bodics of the system necessarily partake of this motion, it can
only be perceptible from a change in the position of the fixel'
stars, to which the system is advancing, or from which it re-
cedes.  This change of place, or proper motion in the fixed
stars, as it has beens called, was first observed by Ilalley, and
aficrwards by Le Monnier. * Tobias Mayer, however, advanced
a step farther than these astronomers. He compared the places
of about 80 stars, as determined by Roemer, with his own ¢b-
servations, and he found that the greater number of them had.a
proper motion. e was aware that this change of place might
be eplained by a progressive motion of the Sun towards one
quarter of the heavens ;7 but as the result of his observations
does not accord with this hypothesis, he remarks, that many

7 'fundem, quum et queri possit, que hujus motus causa sit, hoc unum monere
visum, illum explicari non posse por motum totius nostri systematis solaris, etsi nec
jmpossibile sit Solem, ut ¢jusdem cum fixis nature, instar harum quarundam, in
spatio mundano promoveri. Nam si Sol et cum ipso planetz omnes nostrumque
domicilium terra, recta tcnderent versus plagam aliqusm universe flxm, que ines
plaga sdparent, paullatim a se invicem discedere, et qum sunt in opposita parte celi
coire viderentur ; non secus ac per silvain ambulanti atbores que ante viam sunt,
disjungi videntur, qus & tergo, congredi. Hujusmodi communi legi cam gpstricti-non
sint hi fixarum mofus, ut propius inspecto abaco patet : Palam est eos non esgy mere
adparentgg, aut ab hac similive communi causa oriundos, sed fixis proprios. Ipsa
auted vefh atque genuina horum causs forte per pluraeadhuc seculs ignorabitur.
( Mayers Qpers Inedits, vol. i, p. 79.)
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centuries must elapse before the true cause of this motion is ex-
plained,

The late Dr. Wilson of Glasgow suggesbed, upon theoretical
principles, the posslbxhty of a solar motion; and La Lande
deduced the same opinion from the rotatory motion of the
Sun: but these conjectures have been almost completely con-
firmed by another specics of argument.

If the Sun has a motion in absolute space, directed towards
any quarter of the heavens, it is obvious that the stars in that
quarter must appear to recede from each other, while thosc in
the opposite region seem gradually approaching. The proper
motion of the stars, therefore, in those opposite regions, as
ascertained by a comparison of ancient with modern obserya-
tions, ought to correspond with this hypothesis.

Dr. Herschel has examined this subject with his usual suc-
cess, and he has certainly discovered the direction in which our
system is gradually advancing. Ile found that the apparent
proper motion of about 44 stars out of 56 are very nearly in
the dircection which should result from a motion of the Sun
towards the constellation Hercules, or, more accurately, to a
point in the heavens whose right ascension is 250° 52 30",
and whose north polar distance is 40° 22. (See Phil. T'rans.
1788, p. 203 ; and Phil. Trans. 1805.)

By considering the motion of the satellites round their primiary
planets, and of the primary planets round the Sun, Dr. Her-
schel supposes that the proper motion of the Sun is not reeti-
lineal, but that it is performed round some distant and un-
known centre. Ju-t, however, as the conception appears to
he, we cap scarccly allow ourselves to think that there is an
immense central body of sufficient magnitude to carry around
it all the systems with which astronomers have filled the regions
of space ; but we may suppose, with La Lande, that there i< a
kind of equilibrium among all the systems of the world, and
-that they all have a periodical circulation round their common
centre of gravity. (Astronomie, par La Lande, tom. iii, p.
307, § 3283.)

We shall have occasion to resume this subject when we come
to tréat of the proper motion of the fixed stars.
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CHAP. V.

ON THE NLW DISCOVLRIES AND PHLNOMENA IN THE MOON.

Tz motions and the phases of the Moon have been Phases of the
already described in the first volume of this work. e
The propaition between the enlightened and obscure part of
her disc may be found, for any given time, from the table,
which has been already explained, when treating of the planet
Vanus By subtracting the Jongitude of the Sun from that of
the Moon, we obtamn the argument of the table, or the Moon's
distanc, frem the Sun, with which we enter the table, and take
out, it the way alicady explained, the proportion between the
dark and illuminated parts of her dise.  See page 109 of this
volume.

Il.' we obeerve the Moon, in serene weather, when Explanation
she is about three or four days old, the part of her of the pheno-
dise which 1« not enlightened by the Sun is faintly ¢ Noon
illuminated by the light that is reflected from the m the new
Earth, and the horns of the enlightened part appear Moon'sarms.
to project beyond the old Moon, as if they were part of a
 sphere considerably Jarger in diameter than the uncnhghtened
part.! It was long deemed ‘a sufficient explanation of this ap-
pearance to say, that bright objects affected the retina, toa
greater distance than those which were less luminous ; and that,
thercfore, as ink sinks upon soft paper, the image of the bright
part of the Moon expands on the retina, and gives it the ap-
pearance of projecting beyond the darker portion of her disc.
The explanation of this phenomenon, as given by Dr. Jurin,®
is much more satisfactory. He supposes that the cye cannot
accommodate itsclf, with sufficient distinctness, to view objects
at such a distance as the Moon. The pencils of rays, there-
fore, unite before they reach the retina, and will form an in-
distinct and enlarged inage of the Moon. It is perfectly de-
monstrable, and may be proved by the simple experiment of
looking at the figure of the Moon, cut out of white paper, and

1 This phenomex':on 18 vulgatly, though expressively called ¢ The Old Moon i

the Ney Moon's arms.”
* Escsy on Distinct and Indistinct Vision, in Smith's Optics, vol. ii, Rem. p- 115.
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pliced upon a daxk ground, that when this luminous body is
viewed, either at a distance too remote, or too near, for perfect
vision, its image nipon the retina will be enlarged, and the illu-
minated part will encroach upon the obscure portion, and ap-
pear to embrace it, in the very same way as it is scen in the
heavens. Dr. Jurin, however, has taken it for granted, that
the eye cannot see the Moon with perfect distinetness ; a posi-
tion which, however probable it may be, does not rest upon the
evidence of experiment.

The illuminated portion of the Moon’s disc, when she i»
three or four days old, obviously reccives its light from the
Earth, which, to the lunar inhabitants, will then appear to he
nearly like a full Moon. As the age of the Moon increases,
this sccondary light is gradually enfeebled, both in consequence
of the diminution of the luminous part of the Earth, and of
the increase of the culightened part of the Moon.  On one oc-
casion, however, the weather being uncommonly favourable,
we observed the secondary light when the Moon was nine days
and fourteen hours old.

. This secondary light of the Moon has been cx-
Explanation . AT . ..
of the luna  Plained by Riccioli and Leslic, upon the supposition
bow in the  that the Moon is phosphorescent.  They conceive,
old Moon. ep s s . .

that it is impossible to account in any other way for
the cxtreme brilliancy of her disc;'and the latter of these phi-
losophers has explained, upon this hypothesis, the thread of
light, or the lucid bow which seems to connect the two horns
of the Moon. As we shall give a very different explanation of
this curious phenomenon, it may be proper to state Mr Ledlic’s
theory in his own words. *¢ After emerging from conjunction
with the Sun, her sharp horns are scen connccted by a silver
thread, or lucid bow, which completes the circle; and a very
faint light scems to be suffused over the included space.  This
bright afch, however, becomes always less vivid 3 and before
the Moon is five or six days old, it Las almost totally vauished.
Thepale outline of the old Moon is commonly ascibed to the
reflection, or sccondary illumination from the Earth Butif
it were derived from that source, it would appear densest near
the centre, and gradually more dilute towards the edge. I ra-
ther should refer it to the spontancous light which the Moon
may continuc to emit for some time after the phosphorascent
substance has been excited by the action of the solar heaws.
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The lunar disc is visible, although completely covered by the
shadow of the Earth; nor can this fact be explained by the in-
flcction of the Sun's rays in passing through our atmosphere;
for why does the rim appear so brilliant? Any such inflection
could only produce a diffuse light, obscurely tinging the boun-
daries of the lunar orb; and, in this case, the Earthepresenting
its dark side to the Moon, would have no power to hcighten
the effect by reflection. But even when this reflection is great-
est about the time of conjuuction, its influence seems « xtremely
feeble.  The lucid boundmng are is oceasioned by the narrow
lunula, winch, having recently felt the selar impression, still
contimues to shine, and, from its extreme obhquity, glows with
concentrated cffect.”?

The phenomenon described in the preceding passage is re-
presented m Plate IT, Sup. Fig. 9, where a diluted  prae 11
light appears to be shed over the obscure portion of Sup- Fig-9.
the Moo’ dise, while a lucid bow, more bught than the rest
of the obscure part, seems to join the lunar horns.  When we
examine this luminous horn in the heavens, the lower part of it
at 4, is always much broader than the upper part at b; and
whon the Moon has considerable hbration, so as to withdraw
from the Farth a portion of the castern limb, the bow ceases
to be continuous, and the part at b is no longer visible, These
two appearances, which I have often observed, are sufficient to
overthrow the explanation which has been already given; for,
upon that hy pothesis, the lucid bow ought to have heen broad-
est 1 the centre, diminishing towards the horns, exactly like
the enlightened part of the Moon’s dise. We are fortunately,
however, not confined to arguments of this kind, satisfactory
though they be. The true cxplanation of the phenomenon is
so simple and convincing, that it is scarcely possible not to give
it an 1mplicit reception. If we look at the large map of the
Moon, given in this work, or any other map which exhibits
even a tolerable representation of the lunar surface, we shall
find that the eastern limb of the Moon is scparated from the
central parts of her disc by darker regions, and that the Jumi-
nous portion comprehended between these darker regions, and
the circular line which bounds her eastern limb, has aetually
the form of a bow, which is broadest towards her southern

5 Im)xiry into the Nature and Propsgation of Heat, p. 4563, and Note XLIII,
P 567.
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limb, and gradually diminishes in breadth towards her northern
horn. The immediate cause, therefore, of the lucid bow, is to
be sought for in the accidental eircumgtance of the Moon'
eastern limb being more luminous than the adjacent regions to-
wards the centre. The central parts of the Moon, indeed, are
equally luminous with her eastern imb; but their brilhancy 1
impaired by their proximity to the iluminated portion. It1s
obvious, that this explanaticn of the phenomenon may he
equally just, whether the secondary light of the Moon 1s causcd
by phosphorence, or by reflection from the Larth. Hence we
see the reason why the bow is broadest at @, and narrowest at
b, and why the libration of the Moon withdrawing the narrow
part b of the bow, destroys its continuity.  This will be casily
understood, by inspecting Plate 11, Sup. Fig. 9, and compaing
it with the.large map of the Moon.
G When we look at the surface of the Moon with a
seneral ap- .
pearance of good teleseope, we find that its appearance 15 won-
ma derfully diversified  Besides the large dark <pots,
’ which are visible to the naked eye, we percenve o\-
tensive valleys, and long ridges of highly clevated mountain.,
projecting their shadows on the plains below. Single mountams
occasionally rise to a great height, wlile hollows, more than
three miles deep, and almost cxactly circular, are cycavated in
the plains. The margin of these circular cavities, is often cle-
vated a hittlc above the general level, and a high eminence 11ses
in the centre of the cavity. When the Moon appioaches to her
opposition with the Sun, the clevations and depressions upon
her surface in a great measure disappcar, while her disc is
marked with a number of bulliant poiuts, and permanent ra-
diations.
Maps of the  These various appearances have been accurately
Moon. represented in maps of the Moon’s surface. This was
first attempted, but in a very rude manner, by Riccioli. Hcve-
lius, in bis Sclenography, afterwards gave wmore just delinca-
“tions of the lunar disc, during the whole of her progress round
the Earth. A map of the Moon, as she appears when full,
was drawn by Cassini, and has been copied, though extremely
incorrect, into most of our modetn treatises on astronomy. Ex-
cellent drawings of the Moon were made by Mr. Russel ; but
the most accurate and complete that have yet been pub'ished,
are those of the celebrated Schroeter, who has given highly
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magnified views of most parts of the Moon’s surface. The large
engraving of the Moon, which accompanics this work, was drawn
with great care by the editor, and appears to be a tolerably cor.
reet resemblance of the lunar surface. .

s the attention of astronomers has been much directed to
the nature and construgtion of this luminary ; and as an acou-
rate acquamtance with the spots is necessary in finding the lon-
gitude from Junar eclipses, we shall #ive very extensive tables of
the names and positions of the spots of the Moon,

The first tabke is formed from the observations of Eaplanadon
Labert, and contains the longitude and Jatitude of of the folloy-
207 spots, with the names given them by Riccioli ™8 Tebie
aml Hovelius,

" The obsersations in the sceond table were made by the cele-
brated Tobias Mayer.  The positions of the spots, marked in
italies, were ascertained by a great number of obscrvations, and
were the Jeadmg points from gwhich the rest were obtained.
All the =pots given m this tal.Je are contained in the preceding
one; but the observations of Mayer are much more aceurate
than those used by Tambert ; and the reason will be readily
suen why we have not struck these spots out of the first table.

The third table contaius the names which have been recently
given by Schroeter to the spots which were formerly anonymous.
The positions of these spots we have determined in a rough
manner, by compaming the spots of the Moon, as given by thig
asttonomer, with the map and table constructed by. Tobias
Mayer. Py

"The notes at the foot of cach table contain general rentarks
on the nature and appearance of the different spots. The letter
E, affived to the longitude of the spots, denotes that they are
to be found on the castern side of the Moon's disc, on the left
Jband of the meridian which passes through the Moon's cen.
tre; while the letter W signifies that they are placed on the
westcrn side of that line. The letter N, affixed to the latitudes,
significs that the spots arc in the Moon’s northern hemisphere
and the letter 8, thyt they are plaged an the south of the

cquator, . e
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Tesex k. Containing the Longitudes and Latitudes of 207 Lunar
Spots, with Remarks on their Position, Appearance, and Siruc-
ture. ’

Names of the Spots ac. Names of the Spots according to | Longi- | Lati-
enrding to Riceiolus. Heveluns. tude. | tude.
4
Plutarchus® Mons Alaunus 75w. |26 N.
Semecat Mons Alaunus 72 w. [28 N.
Zoroaster Palus Amadoca 72 w. | 58 N.
Berosus Pars M. Amadoci ¢« |70w. |82 N.
Mercurius Lacus hyperboreus inferior | 67 w. | 40 N.
Osimandes ad. Lac. hyperb. inferior | 67w. | 44 N.
Firmicus Paludes amarae 66w.{ 7N
Petaviuse Pars M. Nerosi 64w. |2t s.
Vendelinus® Petra Sogdiana 63 w. |17 s.
Langrenus® Insula major 62w. | 8s.
Furnerius* Pars M. Paropamisi 60 w. | 35 s. 1
Hernties M. Bodinus. 60 w. | 40 N,
Endymion Lacus hyperboreus superior | 60 w. | 53 N.
Messala ¢ Pars montium Riphaeorum | 57 w. | 34 N.
Stevinus Pars Caucasi inferioris 57Tw. |28 s.
Geminus* Pars M. Riphaeorum 55w. (209 W,
Cleomedes: Pars M. Riphaeorum 55w. |26 N,
Snellius Pars M. Paropamisi 54w. | 34s.
Fabricius Pars M. Coibacarani 52w, | 52 s.
Mulerius Pars M. Coibacarani 49w. |46 s.
Cepheus * 49 w. | 39 N.
Rheita Pars M. Coibacarani 48 w. |41 s.
Atlas1 Pars M. Macrocemnii 48 w. | 47 N.
Proclus™ M. Corax 48w. [ 16 N.
4
' GENERAL REMARKS.
% Avaular, with a ridge traversing its southern portion, in a north-east direction.
JAn annular spot on its eastern margin.
* % Angular, with a regblar and an irregular cavity in its eastern margin.
: Annulst, 'ol;:n hl;g% central mountain. s . n at N o
w‘f al « Mal cavity at d. margin, mountai afl « margin.

. Mm,’m central mourftl:,in. hblergnppeuancc beyond its S.gls. w.-
mlhr, with cavity north of the centre, and spot south of the centre.

":‘ Annular, with a break in its western margin, and an annular spoton its south-
margm.

» Anﬁ with rocks, and a bright radiating spot heyond its T.. margin.

% & Jarge .nular spot, containing three central rocks, with two contiguous an-
mular spots  its north-eastern, one on its north-western, and, two on 1its western
margin. R cks sonth-east of it

% Southe .1 and northern Cepheus, both gnnular. ¥ ’

% Annular, with central mountain. = Small spnular spot.

‘ 1
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Names of the Spots ac- Names of the Spots according to Longi- | Lati-
cording to Ricciolus. Hevelws. tude. | tude.
Taruntius Sinus Phasianus 48w. | 4N
Thales 47 w. | 62 N
Santbgck M. Tancon 47 w. |19 8.
Goclenius Pars M. Caucasi 46w |12 8.
Macrobiusn Mous Cimmerius 46 w. | 22 N.
Herculese Pars M. Macrocemnii 42 w. | 48 N.
Mutus Desertum Mingui 42 w. |64 8.
Democritus M. Bontas 40 w. | 61 N.
Metius® Pars. M. Coibacarani 40w, {43 6.
Pitiscus . M. Dalanguer 40w. | 53 8.
Manzinus Desertum Mingui 40w. |70 s,
Euctemon . I’ars montium Sarmaticorum | 40 w. | 83 N.
Alcuinus M. IHercules 39w.| 8s.
Beda® M. llercules 3Tw.| 28
Martianus Capella M. Caucasus 36w.| 8s.
Iagecius M. Dalanguer 34w, |54 s.
Neander Pars montium Sogdianorum | 31 w. | 38 s.
Isidorus M. Strobilus 33w.| 8s.
(‘ensorinus Pars M. Herculis 32w.1 O
Fracastoriuse Lasus Thospitis 32w. |22s.
Possidoniuss Insula Macra 32w. |81 N
Diony«ms Exiguus M. Herculis 3lw.| 38s.
Schomberger Desertum Mingui 31w. |77 s.
Vitrusiusr Appollonia major . |30w. |19 N.
Piccolomineus I’Era montium Sogdianorum | 30w. | 31 s,
Stiborius Pars montinm Sogdianorum |29 w. | 39 s.
Homelius M. Dalanguer 29w. | 50 s.
T'annerus 28w. | 65 s.
Theophilus® Pars M. Moschi e7w, |12 s,
Pliniust Promontorium Archerusia 26w. | 18 N.
_Cyrillus» Pars M. Moschi 25w. |18 s.
S. Catharina * Pars M. Moschi 24w, |18 s.
Mecton Pars mont. Sarmaticorum 24w. | 79 N.
Riccius Pars mont. Uxiorum 24y. |40 s
l]yputia M. Lipulus 22w, 5 s.
Rabbi Levi Pars mont. Uxiorum 22w. | 36 s.
Simpelius 20w. | 59 s.
S 20w, | 72 s.
wiiii fratres { 12w, | 59 s.
» Annular, with central spot, and cavity on east margin.
° Annular, with central mountain.
P Large hollow, with cavities south of it, and communicating with M Vectaris.
4 Anndlar, containing an annular spot near its south margin, and onc «® its west
and north margin, with scveral rocks. we
* Shallow annular spot, with a low central mountain, and numerous rod™ to the
north of t, * Annular, with large central mountain, v
¢ Aunukr, with two centrul mountans. ° Irregularly hollow.
x Irregu'atly hollow, communicating with Cyrillus on the north.
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Names of the Spots ac- Names of the Spots according to | Longi- | Lati-
i cording to Riccl;g:‘ns. Hevl:.iiuus. 8 tudg. tude.
Tatius Mons Moschus 19w. | 16
Sosigenes Palus Archerusia 19w. | 9N
| Zhgutus Pars mont. Uxiormn 19w. | 59 s.
Alfraganus M. Lipulus 18w. | 7s.
I Ariadneus 18w. | 5N
i Dionysius Areopagita’ | Pars M. Horminit 17w. | 3.
Sacrobosco M. Antitaurus 17w. | ®5s.
‘Theon junior M. Tmolus 17w. | 3.
Barocius M. Calchastan 16w, | 48 s.
Maurolycus M. Calchastan ' 15w. | 43 .
i Almaeon M. Antitanrus 15w. | 11 s
Theon senior M. Horminius *lisw.| o
Julius Carsar Palus Archerusia 15w. | 11 N,
Menelaus:= Byzantium 15w. | 16 n.
Uontanus M. Armcniae 15w, | 29«
’ Aristoteles: M. Serrorum 15w. | 50 w.
i I udoxus® M. Carpathes 15w. | 4k N,
1 (+emma Frisiuc M. Armeniae 11w. | 3ts.
Abulfeda M. Antitaurus 14w, | 11«
i Malapertius Desertum Mingui 14w. | 76 s,
i ticber Antitaurus 13w. | 21 s,
| \sophi Antitaurus 12w. | €8 s
'\ nrtiuge M. Techisandam 12w. | Gt ».
\grippad M. Ida - Itw.| 7N
‘sIpitius Gallus 1ow. | 19 N.
. chitas Scopuli hyperbore 10w. | 51 N
s (etas M. Calchistan 10w. | 50 s.
. ¢ lippuse M. Haemus Ow. | 30 N.
1 Maniliusf Insula Besbicus Ow. | 14N
« ‘Yien Ezra Qw. | 21 s,
A\ nus Pars Antilibani 8w. | 20 s.
“toefler M. Calchistan 7w | 47 ».
‘ ARZENTIIS M. Taurus . Ow. | 40 s.
f 31 enerc tdls Gw. [ 30 ~.
Hippar hus M. Olympus 6w.| Gs.
! furatus Pars Apennini Sw. | 25n.
‘ RN TTTT 5w. l? N.
{ - Aan .

- Annulir, with central mountain, 2 high rock on its 8. Il. and two nnnular
pote onats S. W, Tt is very lummous from 1ts 8. W. to its N. E.
* T arge and annular, with high rock on its south margin, an annular spot on

M 1 I, and rocks on its south-east.
* *.arge and annular, with high rocks to the east of it.
1nnular, with rock on its N. E. margin.
+ nvlar, with central rock, and ridges from its N. and S. margin.
+ yruular, with central rock.
t ], zc annular spot, with high margin, and central rock.

v nulur, with central spdt.

h Small annular spot.

”

¢
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Names of the Spots ac. | Names of the Spots acrording to | Longi- | Lati-
cording to Ricciolus. Hevelius. tude. [ tude.
Alliacensis Pars Antilibani 5w. | 32 8.
*Albategnius M. Didymus ) 5w. | 188,
Fern#ius* Antitaurus 4w. | 37s.
Werner* Pars Antilibani Sw. | 30s.
Cysatus M. Techisandam 2w. | G5 s.
Blanchinus' Antilibanus 2w. | 28 s.
Autolycus™ M. Montuniates 2w, | 28 N.
34 N.®
Aristillus® M. Ligustinus 2w. | 55 N.
Timaeus® ) Lacus niger minor 2w. | 20 N |
Conons ' M. Apenninus 0 70 N.
Epigenes Pars mont. hyperboreorum 0 90 s.
Cabeus Desertum Mingui 0 36 s.
Walther M. Tabor 0 | 42s.
Orontius’ M. Hermon' 1E. | 32s.
Regiomontanus Pars M. Libani 2E. | 10s.
Ptolomaeus M. Sipylus ' 2 E.
Arzachel® Sce Tab.| M. Cragus SE. {208
Alphonsus 1I. M. Masicythus 4E. | 158
Purbachius* Pars Libani - 4E. | 27 8.
Maginus M. Seir 5E. | 52 s.
Archimedes® X M. Argentarius 5E. | 28 N,
Thebit | 7E. | 23s.
Alpetragius Promont. Aenarium 7E. | 18 8.
Moretus Desertum Mingui 9E. | 70s.
Dantes 10E. 2 N
Tycho . M. Sinai 10E. | 48 s.
Sasserides= M. Abarim 10e. | 868
Profatius Ins. Rhodus 10E. | 28 s.
Platoy Lacus niger major 10E. | 52 N.
L Gauricus M. Tabor 11E. | 33 s.
Pilatus Mare mortuum 12E. | 20 s.
i Annular, with small central rock.
k Large and regularly circular spot, with central mountain.
! Trregular spot, rugged on the west, and connected with a <hallow one, covered
on the east with many small annular spots.
m Large and decp annular spot, with central spot. -
«-7"" Deep and annular, with central rock. o Annular. '
~a f ? Deep annular spot in the Apennines.
=" 9 Two annular spots, encroaching upon each other. The deepest has three cen-
tral rocks.
* Annular spot, contsining two small rocks, and an annular spot on its west
* margin. .
. 8]3¢muﬁf'l,ll spot, with very irregular margin, two central cavities, and a centrdl
mountain.
* Annular spot, containing three rocks, with an annular spot on its north mar-
gin, am},gnother on its south-cast margin.
v Large and deep annular spot, with high margin, and high rocks south of it.
= Irregular, consisting of numerous cavities. '
7 Large aunular spot, high and rugged on its west margin, with a cavity a little
north of it,* and another a little to the west.
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Names of the Spots ac- Names of the Spots according to | Longi-| Lati-
cording to Ricciolus. Hevelius. tude. | tude.
Eratosthenes: Ins. Vulcania 12k | 14 N
Timocharis* Ins. Corsica 13 E. | 27 N
Stadius In l.acu Hercules 13E. {c 4 N.
Dominicus Maria In Lacu Hercules 14E. | 7N
Munosius® Ins. Carpa 15k | 24 s.
Clavius See Tab. II. | Desertum Hevila 16 £ | 60 s.
Rheticus Pars Lacus Herculei 16e. | 5N
Anaxagorase Pars mont. hyperbor. 17E. | T8 N
Pytheas Ins. Sardinia 19k | 21 N,
Copernicuss M. Atna 19e. | 9N
Junctinus 19e. | 6s.
Molerius Insula Zachintus 20k | 2s.
Philolaus 20E. | 72 N.
Guilhelmus Hassiae M. Horeb QEe | 44 s.
Bullialdusf See Tab. I1.| Insula Crecta e | 21 s
Lengomantanus® M. Anna Q2 E. | 51 s,
Rheinhold M. Neptunius 23E. | SN
Blancanus Desertum Raphidim 251 | 65 s.
Rothmann Mons Prophetarum 25E. | 40 s
Cychus® Ins. Didymae 255 | 30 s
Campanus' Ins. Letoa 27T E. | 29 s.
Capuanus Regio Cassiotis 28 E. | 53 8.
Landsberg* : Ins. Maltha 28E. | 2.
Helicon Ins. Erroris Q8 E. | 41 N.
Hortensius' 20k | 6N
Milichius 2E | 8N
Scheiner™ Desertum Raphidim 29 . | 60 s.
Origanus M. Athos 30F. | 6s.
Morinus Fretum Sirbonicum 32 k. | 10 s.
Cusanus 32E. | 18N

* Annular, with irregular central mountains, large and curious rocks on its west
and east margin, and luminous ridges to the north of it.

s Annular, with central spot, and two luminous radiations from its south margin.

b Remarkable annular spot, with three large and three small marginal cavitics,
two large central cavitics, and two small oncs.

¢ Large and annular, with 2 high margin on its west side.

+ 4 Annular, with a central mountain, and broad margin, very luminous all round,
with numerous rocks and mountains scattered on the N.E. of it. ¢ Annular spot. *

f Annular, with high central mountain, and threc decp cavities south of it. i
~ & Annular spot, with a large rock on its north margin, and several on its south-
west margin. Numerous radiations seem to issuc from this spot.

b Annular cavity, with small spot on its cast margin. "I'here is an annular spot
to the south of it, a small deep cavity in high ground to the north of it, and two
cavities on the margin of a half-formed spot to the west of it.

! Annular, with central rock.

¥ Annular spot, with a central mountain. Two radiations extend from it to
Rheinhold.

! Annular, with a luminous radiation passing south of it, and another opening
from its west margin.

= Annular, with central cavity, marginal cavities, and cavitics without its margin.




oI v, TABLES oF MIE LUNAR SPOTS. 165
Names of the Spots ac- Names of the Spots according to I ongs- | Long:-
cording to lhegoo:ls. Hevg.l;us "8 tu('lleg.l tuds
Anaximander 33E. | T2 N.
Casatus® 35k | 73 8.
Hawrelug 36c. | 44 8.
Ilerigonius 86c. | 168
Bayer 37 k. | 50 8.
Bessaiion 38E. | 16 N.
Herchides® S5k | 41 N
Keplir Loca Paludosa 38E. | TN
G seendust M Cataractes 89E. | 19s.
Derienncs Ins. Lea 40 L. | 13 s.
Ecphantus 42FE. | 35 N.
Schiller Lacus Mendionalis 45 L. | 58 s.
Arietirchus M. Porphyrites 48 k. | 24 N.
Bettinuss M Hajlon 49 E. | 64 s.
Harpalus~ 49k | 5T N
Kncher* Vallis Hajalon 49«r. | 68 s.
Mecrseniust 50 . | 24 8.
Zupus M Ajax 50c. | 20s.
Bally 50k | 13 s.
Christmann 51F. | 43§
Fontana M dacer 51L. | 16 s.
Rewner*® 52 L. 9N
Linnemann M. Thambes Jbr.| O
Zucchus * 56 . | 63 s.
Phocylides M Tadnos 58 . | 51s.
Gahleus M Audus 56c.| 9w
Muaus? Pars montis Germanican 58F. | 12 N,
Vieta Ad montem Casium 61L | 29s.
Scleucus” M Pentadactylus 62k | 22 N.
Siraalis 02k | 14 5.
Byrgius 64E | 27 s.
Eustachius 65 [ 128
(ruger TI'ontes amari G6E. | 17 s
Cavalerius M Pherme 66rc.| 8.
Hevchus 67 E 1s.
_S_c.}nl\'ud M Tioicus. 68E | 40 s.
« » Ionzcanaty, with central mountamns, and three luminous ridges beyond its
1, east margm. @ Iligh projccting promontory, with high rock.
| » Annular, with numerous rocks south of 1its centre, and two annular spots on
L its north margin It has a triple rock on 1ts ecntre, and Ingh 1rregular ground and
ndges on 1ts wcst and cast margin 9 Annular cavity, with central rock.
r Decp and wnnular cuvity. * Annular cavity.
t Annulu cavity, contamng a large annular spot. It has a small cawity on 1its
south marg n, two annular spots north-west ot 1t, and four south-west of 1t.
v Decp and annulai.  Radges south of 1t, aud numerous rocks to the north.
= Annular cavity, with central rock.
* Lcp and annular, with % half-tormed annular spot on 1ts south-east, ridges
south of it, and igh ground north of 1t.
¢ Shailow and annular, with central spot. 'Two luminous ridges pass from 1t to
Cardanuy, one of them touching the western margin of deleucus.
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Nauwes of the Spots ac- Names of the Spots accordung to | Longi- fu
cording to R:mpz?us. Ilevpe]::s. i tuds ﬁ::
Grimaldus Palus Marz=eotis 68E. | 5s.
Pythagora<® Ad Sinum hyperboreum GO E. | 63 N.
Anaximenes 69 E. | 44 N.
Eichstadius Mons Acabe 70E. | 22 .
Cardanus® 70E. | 16 N.
Oenopides 71 B. | 55 N,
Ricciolus Stagnum Miris 728 | 8o
Rocca . 751, | 11 s,
Bartolus 82 L. | 67 .
Cleostratus 88 k. | 50 N.
Xenophanes Q0. | 52N,

s Large annular spot, with annulai cavity.
b Deeply annular, with small annular spots south-cast of 1t.

Tasre II. Containing the Longitude and Latitude of 89 Lunar
Spots, as determencd by T'obias Maycr

Neumes of the < ac- Names of the Spots according to
wrdmgtonmuf Nemes Hevlzlms. 5 Longitude. | Latitude.
Senecas Mons Alaunus 77 206 w.25 29 N.
Mercurius falsus® 70 20 wi5 2 N
Mercurius Lacus hyperboreus inferior (05 27 w.|t5 21 N.
Langrenus Insula major 02 30 w.| 7 31 «.
Vendelinus 02 11 w |16 40 s.
Furnerius* Pars montis Paropamisi 35 10 w35 8t
Cleomedes*? Pars montimn Riphacorum {57 50 w.[27 16 N.
Petavius® Petra Sogdiana 7 40 W25 T .
Stevinus Pars montis Paropamisi 56 21 w29 <0 -,
dymion Lacus hyperboreus superior [56 12 w.[51 10 .
Snelliuss M. Paropamisus N 33 45 w33 31 .
Taruntius Sinus Phasianus 17 10 w.| 4 56 w.
Atlas® Pars M. M. Macrocemniorum (17 0 w.|17 11 N.
Proclus M. Corax 16 59 w.15 8 N
Goclenius M. Caucasus 15 35 w| 9 20 o
Hercules® Pars M. M. Macrocemniorum |41 13 w.48 58 .,
Censorinus Pars M. Hercules 32 45 w0 6 sli
¥

3 Annular, with cavity on 1ts east margin.

b Large and irregularly annular, with a pointed southern margm, two large cen-
teal rocks, and two smallcr ones; the two largest sometimes appear as one 11dge,
joumng the western margin. < Swngular appearance on 1ts north margin.

¢ Annular, with threc central rocks.

° Long and decp chasm on its west margin; rocks north of it; annular epot,
with central mountan north-east of it.

f Annular, with large and sma}l annular spot on 1ts north-cast margin.

& Annular, with cential 10ck, and numcrous annular spots cast of t.

» Annular, with central mountun
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ames of the Spots ac.| N of the Spots acccord .
Noordxngtolhcg:;us. e Hebvms- 108 t0 Longitude.| Latitude.
Ftacastorius* Lacus Thospitis 32 31 wi2l 22 s
Piccoluminius Pars M. M. Sogdianorum 0 30 w27 538 8
Pgmdomu.s Insula Macra 0 35 w.32 44 N.
Vitruvius Apollonia major 9 26 w17 17 N.
Theophlus Pars M. Moschi 26 38 will 25 s
Cynllus Pars M. Mosch 4 85 w13 8 s.
Phniust Promont. Archerusia 24 16 w15 44 N.
Catharma Pars M. Moschi 29 36 w.17 8 s.
Dyonystus™ Pars M. Iormmn 17 17 wi 2 55 w.
Aristoleles M. Serrorum 17 10 w.j50 50 ».
Eudorus M. Carpathes 16 24 w44 39 N.
Mcnelans» Byzantium 16 5 w.16 25 N,
Calippus M Acmus 13 48 w40 37 W.
Mauiolycus 13 11 w40 41 s.
Abulfeda Pars M. Antitaun 12 42 w13 17 &
Maniius® Insula Besbicus 0 2 w14 34 n
Apuanus Pars Anti-Libam 7 5 w26 4T'%.
Stoeflerus M Calchastan 6 9 w.li39 52 s
Aliacensis! Pars Anti-1 1baun 4 1 w29 18 s
Weinerus Pars Anu-Libam 3 45 w27 53 s.
Ternelius Pars M. Iermo 3 32 w.33 25 o.
Hipparchus * M Olympus 1325 w5 53¢
Albategmus M Iidymus 2 48 w10 30 s.
Anrstilluss M lagustmus " 2 33 w83 43 N,
Autolycus* M Montumates 2 31 w.29 46 N.
Walthcus® M Tabm 0 10 w31 40 .
Regromantanusx | Pars M. Libanon 0 33 E.[26 44 s.
Purbachius? Pars M. Libanon 1 43 E. %93 58 s.
Ay chimedes © M. Argentarius 1 45.L.120 17: N,
Ptolemacus® M. Sipylus 3 Ul E|8 5T:s.
Aizachelv M Cragus 820 r.17 7 8
Alphonsus Rex¢ | M. Masicytus 8 80 r.[12 37 s
O1ontius M Hermo 4 9 r.|39 52 s
Magmus M. Seir 5 12 E.|50 34 s.

oL,

f 2

and lummous ground.

a ccntral rock.

« Lage hollow, with caviues south of 1t.
& Bctween Menelaus and Pliny, stretchung south. A strange ndge of rough

*1 Annular, with two central mountains.

m TTigh rochs, and a ngh annular mountan between Calippus and Theatetus
» With central mountam, and high 1ock on 1ts south-east.

° Annular, with central rock.
4 With wntral mountan.

* Ducp and annular, with central rock.

t Targe and deep, wath central spot.

* Annular, and confammg two small rocks.
¥ Anpulai, and contammng three sinall rocks.

* Large and deep, with lugh margm.

* Large spot, with irregular margin of different huights.
% Chasi.s and pits on 1ts margmn ; chasms north of 1t.

¢ Deep cavity, with v itril 10ck south-oast of 1t

1 Cwaty 1n the south margin,
r Annular, with small central rock.

u Irregular, with cntral ‘ock.

Alphonsus 1 irregular, with
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ngﬁwmﬁmm% Nmuofﬂﬁgmmr&ngw Longitude. | Latitude.
Alpetragius Promont. Enarium 5 49 £.|14 58 s.

Plato® Lacus niger major 9 12 E.'51 14 w.

Tycho M. Sinai 10 43 .43 O s.

Efatosthepes Insula Vuleania 12 1 k(14 59 N

Timocharis Insula Corsica 12 38 E.126 83 ~.

Pﬂ:ut.us' Mare mortuum 13 32 £.!130 8 s.

Stadius Pars lacus Herculei 14 18 E.| 4 58 ~.

Cluvxods. t Desertum Hevila 14 52 E. 57 56 s.

-Dominicus Maria | Pars Lacus Herculei 15 43 E.| 6 51 ~.
Pytheas 2 16 5 E.[19 15 n.
Land.sbergius: Insula Malta " 16 49 E.[1 1 s
Rhetlcqs Pars Lacus Herculei 17 40 E.| 4 20 N.
Copernicus s M. Aitna 19 56 .| 9 41 ~.
Longomantanus» | M. Annae 20 0 E.[50 O s.
gytll.zela.v 1! Insula Sardinia 20 30 1.120 43 .
wtil;l;;s Hass. | M. Horeb } 20 50 & 43 2 s
Bullialdus® Insula Creta 21 53 E.|20 30 s.
Blancanus Desertum Raphidim 22 14 E.162 56 s.
Reinhold M. Neptunus 22 31 E.| 2 81 N.
Heraclides falsus: 25 30 E. |46 40 ~.

Scheinerus *Pars vallis Hajalon 28 4 E.|59 30 s.
Heraclides verus™ 32 56 ©. |40 50 w.

Sinus Syrticus 37 43 B[ 3 22 N

Kepler Loca paludosa 37 45 B 8 4 N

Gassendus® M. Cataractes 39 50 E.[17 20 s.

Harpalus Insula Sinus hyperb. t1 7 .51 33 N
Aristarchus M. Porphyrites 17 2 kR340 N.
Merrsenius . |- M. Ajax 48 49 B R4 14 s,
Marius M. Germanicianus o 50 O EIT 85 W
Schickhardus M. Troicus 52 54 k.45 15 s,
Galileus M. Audus 53 43 E.| 7 47 W
Phocilides M. Tadnos - 58 36 E. |54 12 s.

Pythagorasa Ad sinum hyperboreu 50 25 E.[02 52 N

4 Newton, contiguous 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 ot’®s
margin. . 5
¢ Half-formed annular spot, with central rock, scveral marginal cavities, snda !
cavity communicating with it on the north-east, '

! The south marginal spot of Clavius has a central mountain in i, and there is &
~ high mountain on its north margin.

~ & Annular, with central mountain. h Numcrous radiations from it

! Remarkable ridges and streaks to the of Pytheas.

¥ A long ridge runs from its south margin, across one of the small cavitics south
of it, to the half-formed spot west of Cichus.

! High promontory, rising from the plain of the Sinus Iridum.

= High and irregular promontory, with ridges on its south-east.

» Triple rock in its centre. * Decp and annular cavity. ’

® Decp cavity, with high rocks, and two cavities E. of it, and a radiation opcn-
ing from its 8. é. margin. It is the most luminous part of the full Moon.

q énnnlnr, with annular cavity.
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Names of the Spots ac-]| Names of the Spots according to .

cording to Rucciolus. Hewhas. 8% |Longitude. | Latisude.
Seleucus® M. Pentadactylus 62 40 F. (20 50 w.
Gnmaldus® Palus Maraeotis 67 SO c.| 5 5 8.
Gayalerust Pars M. Pherme 67 30 r.| 5 43 N
Hevelwus® Pars M. Pherme 68 13 |2 10 x
Ricerolus= Stagnum Miris 75 10 E.| 2 48 .

* Shallow nd angular, with central rock.

* Iircgularly annular, with broken margwn.

t Annular, and 1 contact with Ilevchus,

¢ Remerkable spot, contamimg a ceniral body hike an cgg, broken at its N. end,
and a small cavity  Bioken rochs . of 1t, and a smgular appearance . of 1t.

x Irregularly annular, with an 1.1dented broken margin to the south, dark spots
west of 1t, and a dark spot witlun 1t.

TagrcIII. Tablc of the Names z:-hich have becn given to the ano-
nymous Lunar Spots by M. Schiocter, with their Positions, as
detcrmined by the Editor, from a compar ison of Schrocter's Plates
with Mayer's Engraving of the Moon, and his Table of the

Lunay Spots.

5 High roch.

» Annular.

Names of the Spots. | Longitude. | Latitude. General Situation.
De La Calle® | 0015 w.1210 5 s.| West of Purbachus
Mont Blanc" | 020 w.|106 .| Between (aswim and Newton
Huy g, 0,0 w.[22 20 n.[ South of Archinedes
Blanchinus ¢ 130 w.[22 35 s.| West of Purbachius, and sonth
of De la Calle
Wolffe 1 50 w.{29 52 a.| Noith of Fratosthenes
Bradley ¢ 2 0 w..2, 50 n.| North-cast of Huygens
Cassinie 3 15 w.|,0 57 n.| North of Aristillus.
Hadley® 6w 26 50 n | Noith-cast of Bradley
Rhirch:® 9 8 w.|50 20 ~.| North of Aichnnedes
1hgmus & 8§ WY a.| S L. by S. of Mamhus
Gotn? 10 w.|3 N.| South of Agrippa
r. Chr.Mayer=10  w.|50 20 ».| North-cast of Aristotle
hrist. Mayei® | 9 w. |56 ~.| South of the preceding
{ F.R. Architas® (10w [5%  ».| South-cast of Aristotle, and south
} ol the prceeding

¢ Tilhptical msulated 10ck.
& Annular, and enclosing other two annular cavities.
b 1igh rock mn the Appemnes.
! Annular spot, wath ccntral cminence.

® Annular.

@ Annular, and botdercd on N. ind W', with several annular spots.
¢ 1T1gh rock i the Appenines.
4 Shullow, hut hizh and wrregular in the west side

f 1ligh rock in the Appenines.

1 Insulated rock.

¥ Irregular rock
= Irregulatly annular.
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Names of the Spots. | Longitude. | Latitude.

General Situation.

Boscovichr 11°500w. ]15° N
Silberschlags 11 55 w. {11 N,

Taquetr * |19 5w.[16 30 x.
Marald: « 31 24 w.|17 50 N
Roemert 31 30 w.[21 30 N.
Chr. Gaertner= {32  w. |57 N.
Democritu<* |35 w |60 10 N.
Chris. Arnold ¥ (35 w 163 N
Picard * 58 w.l14 N

Palitsch » 57 w8 s.
Bernowlli, 58 10 w [28 18N

Hooke ° 58 15w 20 13%.
Math. Hase? 160 5w [,0 S
Eimart*® 60 w [’ A
Auzout! 05 w |12 N
Condorcct & (I8 w (12 N
Alhazen® 00 w (19 N

D’Alembert | |OnMoons|110m 2
Mountams' § |7 limb [13<tobh
Wargentin* 59 1 [0 S

Hell! 245 F [31 5 s
Jac. Casaimi 7 107 S
Sasserides » 9 ¥ |39 S
Newtone 9 81 [H0 20 «
Pico » 9 20 5 [50 ]
Lexella 10 1 169 s
Thomas Street: (10 50 ¢ (47 50 o
Bern de I'ont* |11 L. [61 N

Between Manilius and Menelaus.

South of Boscovich, and stretch-
ing from north-east to south-
west

Between Pliny and Menelaus.

West of Vitruvius.

North of Maraldi.

N. W. by W. of Arnstotle.

N W. of Aristotle

N. N. W. of Austotle

South-west of the centic of the
Crisian sea

Noith of I urnanus,

South-v ¢st of Gaminus.

1 1t ot southan Cepheus

South of Pctivius

N L coast of the Crisian sca

South coast of the (119an <ea

West coast of the (risian se

South-west const of the Cisian
L

Ewt of Grunaldus and Ricaaolus

Lwt of the stiarts which sepa-
11te Phocvhdes and Sclach-
ardus, m contact with the lat-
tu, and nculy with the for-
me

West of Anaxagmas

Lt of Regromant mue

North-west of Fycho

South of Plato

On the couth mngmot Newton

South of Anixagoras

Betwoen Magmus and Tycho

On the southern mugm o' < as-
s \

# Shallow, and 1rregularly annular

¢ Annular, with centri eminencc.

4 Auonular, with a lateral cnunence

s Annular, with central ennnence

% Long and shallow spot ! dmall annular spot ¢ Shallow and annular.

Smull, annular, ind hudlow

« ® Annular > Annular and shallow 4 Anntlar.
2 Indosed shallow ! Annulir ¢ Trregulady annular
@ Shallow and annular, with & (ent il enunence ¢ Anpular
f Shallow and annular Annular. ! Annulur

! 'T'hese high mountans p1oject distnctly beyond the defmed himb of the Moo
& Annular and shallow. ! Long and 1rrcgular * Daup wrregular cavity
" Aunnula. ° Shallow ard annuler, ' A lofty puntud rock

¥ Amnular, with an annular spot on fts east and west margin

N
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Names of the Spots. | Longitude. | Latitude. General Situation.

Robert Smith! |15°  £.| 4440 s. | South of Wing,and nearly touch-
ing it

Hginsius® 16 E. |35 s. | North-east of Tycho
Wurzelbauer* |16 5 k. |42 5. | South-east of Pitatus, and east of

Gauricus
Cichus?’ 21 5 E.[31 s. | East of Pitatus
Helicon1* |21 E. |40 - N.| S. W. hy S. of Heraclides Falsus
Kics® 22 L. {26 5. | Between Cichu- and Bullialdus,

and equidistant from them
Hebeon 20 22 30 . [0 n.| East of Helicon 1

Lambert « North of Pythcas

Condamine? 25 25 r.[18 55 n.| North of Herachdes Falsus
Maupertuis¢ 25 50 £.[47 45 N.| Between Icrachdes Falsus and
Condamine .
Lubmuetska 0O E.[18 30 s. | N. E. by F. of Bullialdus
Mercatort 4 |26 50 ©.[20 s | S. 5. W. ot Canpanus, between
it and Cichus

Canpanus¥ 28 1.7 s. | S E. of Bullialdus

Moyyer® 28 5 1.{10 8 n | M. L.of Bulluldus

De Lisle! 24 L [22 55 N.| Noth of Daler

De la Iac?

Rost! "1 ¥. |58 & | Retween Schiller and Scheiner

Brandhun' 4 50 1,119 A.| BetwecnMaupertuas & Scharpius

Schapus* 58 20 c. |15 35 n.| N T of ITerachdes

\tello? )8 35 F 29 5. | Twelve degrees S. of Gassendus

Hor1chow™ 10 r. |62 A | N. W of Pythagoras

Man.a® 10 55 1 {10 n.| 1 of Heraclides

Louvillce 12 50 1 |13 A.| Noith of Manran

Doppclmayers |11 50 1. 28 s | Between Mer<ennus and Vitello,
N. W. of Vatcllo

Vine. Wing.te |12 30 L |16 s. | South of Heinsius

W eigelr 10 F. |59 50 s.| & L.by E. of Rost.

t Annulur. * Annular, with wmothcr annular <pot on 1ts south margin.

© Annular, with fous Jong central anmenecs, stretching north and south.
»' Dup and annular, with high nargn and threc annular spots towards the west.

# Annulir and msulated.

* Annular and shallow, wuh two high mountans m ats mgi .

b A mular and msulated.

¢ Annular, with simgular ndges, and a volcane to the north-cast of 1t

4 Shallow and annular.

* Two shallow annular spots, with two rochs N 1' of thom.

£ Anvular and shallow, with rrrcgular high ground an 1ty d. margin.

r Annular, with a central emience.

b Annulr, with a other annular spot, and rough ground m 1ts W. margin,

! Annular. ¢ Annular and dcep™ 1 Annular, with central eminence.
m Annular, and cornccted with Anamander, with o 1ectangular row of spots.
» Annular. o Anpular and <h.llow, with a Jong ndge tiom its N\ wargan.

P Annular and very shallow, with a central cu munee, and a spot on cach ade of
tlus cmnence. t Annulwr and shllog * Double anuular spot.
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Names of the Spots.| Longitude. | Latitude. General Situation.

Wilson® 48" E.|70° > & E. of Schemer

Reinerus® 52 E. [10 50 ».j S. E. of Maxius

Pythagoras: |53 80 E.|56 50 .| N. E. of Harpalus .

Jac. Herman* |57 E.['8  ».|S. L. of Remerus
Pythagoras Nx 60  £.[63  ~.| S. E.of Pythagoras, touching it
PythagorasE’ (60 & [55  ».| N. E.of Pythagoras, touching it

Briggs* 63  E.[26 30 ».| North of Selcucus

Pingré= 68  E.|60 s | North of Bailly

Lichtenbergt |65 = [24  s.| L. of Buggs and Scleucus

Bailly- E s. | K. of Bettmus, Zucchis, and
Kircher

Hausen? E. 8. | Last of Bailly

‘I},::sg ::h. } E. s. | Last of Lichtenberg

Napier* E. s. | North of Kaestner

Segnere 70 E.|7 s | N. of Zucchws, and touching 1t

G. Wolff. Krafft'|72 L 28 South-east of Seleucus, and N.
of Cardanus

Le Gentilt "5 F. |75 s. | South of Bailly

Gruemberger* E. s | Between Clavius and Moretus

Short! E. s | S. of Morctus, and touching 1t

* Annular.

¢ Annular and shallow, with a deep annular spot on 1ts W. murgin.

® Annular, with along 11dge on its N, margn

= Annular, with central eminence. Y Annular. * Annular and shallow.
s Annular, with a long ridge from its northern margm.

b A very long shallow spot, strctelung from N. to & Irregularly annular.
¢ Long shallow spot, with sevcral annulir ones withmn t.

4 Extremely elliptical, with two bnght emmicnces 1 the centre.

¢ A very long annular spot, with a large cential ndge.

f Annular, with two ccntral ciminences.

8 Annular and shallow, with long ridges from 1ts north margn.

® Annular. * Annular, with central eninence.

k Annpular, with central cavity. Annular, with central emmence.
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Tanre IV, Containing the Names and Positions of the larger and more re-

markable Spots, which were
velius.

supposed to be Seas by Ricciolus and He~

Lpede mics
Oceanus I occllarum, Ocean
of Stormst

M. Tmbriuin, Sea of Showers|

S.11:dum, Bay of Rainbow™

Sinus Rorrs, Bay of Dewn

T'rra Pruine, Land of Hoar
fiost

Tora Siwccitatis, Land of
Drought

Palus Putridinis, Land of
Putrefaction”

P.Nsbulorum, Iiake of Fogse

7. Grandmis, Land of I1aila

Names according to Ricciolus. | Names according to Hcva!m. General Position.
Md2e Crisium, Crisian Scas |P. Meotis, Lake of Maxotis | 57°W.16° N.
M. Feecunditais, Sca of Fer-{Mare Caspium, Caspian Sea | 50 W. 5 8.

tility ® .

Mare X’(’clm 15, Sea of Nectar|Sin. Athen. et Sin.exter. Ponti| 35 W.15 S.

VM. Trangu lhtatis, Sea of |Pontus Eurinus, Euxine Sea| 30 W. 5 N.
Tranquillity®

M. Serenitatis, S.of Serenity ol Pontus Eurinus, Euxine Sca| 20 W. 30 N.

Lacus Somnwrum, Lake of ({Cinus Corcnetes 30 W.37 N.

Drcanmnse .

1. Moitrs, Liake of Deatht {Montes Peuce 20 W.48 N.
Palus Sorni, Lake of Sleeps| Lacus Coroconaametis 41 W.14 N.
Mare Fiigores, Sea of Cokd |\Mare Hyperboreum, Hyper-From 30 E. to
horean Sca 40 W.55 N.
M Iaporum, Seaof Vapours| Propontis 6 W.10 N.
Swnus ZBstnrm, Bay of Tudes" M. Adraticum, Adriatic Sea] 7 E. 2 N.
M. Nabium, Sea of Clouds* (Mare Pamphylium, Famphy-| 15 E. 20 S.
lian Sea
. Humorum, S.of Moisture!{Sin. Sizbon. et M. Fgypliac.| 40 E. 25 S,
Sunue Upedemiarum, Bay ol |Insula Didymae, 1sland of | 30 E. 22 8.

Didyma
M. Loum, et M. Medit. Pars,
Eastern Sea, and part of]
the Mediterranean
Marc Med. Pars Septent.
S. Apollinis, Bay of Apollo
8. Hyperboreus, North. Bay

The last five names have
been introduced by
Schrocter.

In equat. cross-|
ed by parallels,

22 52
20 E.
31 E.
15 E.

27 E.

40 E. G2 N,

50 E.
30 N.
44 N.
50 N
49 N.

() 25 N.

2 W.31 N.
0 50 N.

of hight at full moon.
" Small black <pots.

lying to the east of the parallel o
» C'outaining Harpalus, &c.

s High m the imddle, with a ndge running from its I, to N. margin.

b Lonug spot, stictching from N. to § with rocks and canities mterspersed.
¢ The north-cast part of 1t is covered with annulm spots
4 Covered with gentle clevations, and with low ndges, which appear like streaks
¢« Long nregular blackish spot, N. W. of M. Suenitatis.
£ Small faint black spot, with some annular spots.

& A pale spot, contamng seveial small annular oney
! Interspersed with smnall rocks and cavities.
¥ (Covered wath rocks and ndges on 1ts N. Ti. extremity.
! This name 1 given to all the large spots between 10° south and 20° north, and
= Small semicircular valley.

f 20° east.
o South of Autolycus.

P Between Autolycus and Asistillus.
9 Lying between Plato and Cassini, and eovered with numerous rocks.
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Having thus given a full tabular view of the names, posi-
tions, and general appearance of thc moyntains and spots on the
Moon™s surfaceagve shall now proceed to give an account df the
different phenomena which may be discovered by a minute ex-
amination of her disc. ‘

Astronomers have not been content with merely inspecting
the surface of the Moon, they have even attempted to measure
the height of the mountains, and the depth of her cavities 5 and
though on this point there is a difference of opinion, greater
than might have been cxpected, the results are still ighly cu-
rious and interesting.

Riccilus's Ricerolus proposed to measure the mountams of
method of the Moon, when she was m quadraturc with the
‘t;“:‘l':::;ﬂ Sun, or when the half of her dise was dluminated.
mountams.  Ile supposed 1) A L to be the side of the Moon that
Pl{m IV.  was turned to the Earth, or the circle D A 13, to be a
hg. 2. .
section of the Moon perpendicular to the boundaiy
of light and darkness, and D A the half of her henusphere, that |
was illuminated by the Sun. Then, 1f M be a mountamn placed
in the dark part of her dise, and viewed by an observer on the
Earth at O, 1t is obvious, that whenever its summit becomes
visible to the spectator, it must be illuminated by a ray of the
Sun, S M A, which 15 perpemdicular to B A, the radius drawn
from the centre of the Moon, to the boundary of light and
darkness. If we then measure, with a micrometer, the angle
subtended by the line M A, the space between the lummous
vertex of the mountain, and the enhghtened pait of the Moon™s
# disc, we shall have the two sides A M, A B, of the right angled
triangle AM B to find the third side B M, and consequently,
C M, the height of the mountain, or the excess of B M above
BC. By the 47th of the first book of Euchd, we have AT*2
4+AB*=BM:. Hence, BM=y/AMZ+AB, but BM=(CM+
BC; consequently, CM+BC=y/AM?4+AB% and CM=
AMFAB'_BC.
Dr. Her. As this method is applicable only when the Moon
schel’s me-  is dichotomised, it is nccessary to have a more ge-
thod. neral method of ascertaining the altitude of her
Plate IV. mountains. This defect has been supplied by the
Fig.3-  following simple and ingenious method, suggested
by Dr. ITerschel, and applicable jn cvery part of the Moon's
orbit. Let D A E be the hemispherc of the Moon which i«
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turned to the Earth, and D A the visible portion of the en-
lightencd hemisphere F D A.  Let M be a mountain, viewed
by an observer on the Earth at O ; then it is obvious, that if
we measure with a micrometer the distance between the sum-
mit M of the mountain, and the illuminated dise at A, we
shall have the angle subtended by A », from which, it is
casy to ascertam the lefigth of A M, in parts of the Moon’s
radius. Produce O M ton. Draw A m parallel to O 5, and
let A # be parallel to me n, it is obvious that the angle S M n,
or its equal A B D, is the clongation of the Moon from the
Suw, and that A m is the sme of the angle of clongation,
Now, the right angled triangles A M », and A B m, are simi-
lar, from the equality of the angles at M and B; therefore,
wehave Am: AB=A,- AM Ilence, AM 4 Am=
ABf+Arand A M= A—I-;\j;#'s that is, the distance be-
tween the enlighiened sunmit of' the mountain, and the illumi-
nated part of the Mceon’s dise, is equal to the projected dis-
tance, as measured by the ancrometer, divided by the sine of
the Moon’s clongation from the Sun, radius being unity.

Dr. Herschel, for example, found that a rock situated ncar
the Lacus Niger of Hevelius projected .56, Then to reduce
this into miles we have A B in «cconds : 1090 miles = A 7 in
seconds -+ A »in miles, or A 7 in miles = ]—O-%O-l?l Taking

4
A B {from the Nautical Almanack for the time, it will be found
that A 7, or 417.56 = 46.79 miles  But the clongation of the
Moon at that time was 93° 57Y, the sine of which is .9985.

Tence ﬁ—;ﬂ is 46.85 miles = A M. Then, by the method of

Rirciolus, the perpendicular height of the rock will be found to
be about one mile.

As the points O, S, A, 7 (Fig. 8), arc all supposed to be in
one plane, or in the same plane with the illuminating ray S A,
the distance A r ought always to be measured in a direction
parallel to the illummating ray, or perpendicular to the line
joining the cusps of the Moon. This may be done by keeping
the fixed wire of the micrometer parallel to the line joining the
cusps, till the space A 7 is included between the wires.  The
proper position of the wire may also be found from the shadows
of any adjacent eminences, wiich will always point out the di-
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rection of the illuminating ray. If the mountain is situated
within the arca Fsp A (Fig. 2), the error arising from taking
the measure A r (Fig. 3) perpendicular to the terminator, or
the elliptical boundary of the light and dark part of the Moon’s
disc, instead of perpendicular to the line joining the cusps, will
not amount to 1, of the whole, If the mountain is within the
area F r 0 A, the error will not be ,;00f the whole; and if it
is within the area I g2 A, the crror will not be one hundredth
of the whole. The arches Dn, Do, Dp, or Dg, D7, Ds,
are respectively 8°, 18°, 26°.

Dr. Herschel measured several of the lunar mountains with
great care, and found that their height had been greatly over-
rated by preceding astronomers. With the exception of a tew,
it appeared that the gencral height of the mountains does not
cxceed half a mile. The following arc some of lus measurc-

ments :—
Distance Hcight
AM m
inmiles. mles.

A rock near the Lacus Niger of I1levelius, 46.85 1.0

Antitaurus, 31.7 0.5
Mount Lipulus, 37.04 0.64
One of the Appenines, between lakhe Thrasimenus

and the Euxine sga, 52.9 125
Mons Armenia, near Taurus, 38.0 0.66
Mon« Leucoptena, 41.4 0.75
Mons Saccr, 61.0 1.8
Promontorivin Acherusta, 22.6 0.25
The lughe«t mountain situated near Sncll or Petavius, 35.3 0.57
Mountain behind Mare Crisium, rormsoosares 0.5
Mountain ncar Anstotle, 28.53 0.37
Mons Sinopium, 56.54 1.50

The altitude of the mountains obtained by the two preceding
methods is cvidently not taken from the general level of tue
Moon’s surface.  When the <olar rays, which illuminate the
summit of the mountain, pass over high ground, which is the
same thing as when the point A is above the general level of
the Moon’s surface, the height C M is the height above the
level of the point A, and is, consequently, too small, by the
quantity which A is raised above the gencral level of the
Moon’s surface. On the contrary, if there are any hollows at
A, which permit the rays of the Sun to rcach the vertex of the
mountain sooner than they would have done had the ground at
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A been level, we then get the height of the mountain from the
bottom of these hollows; a result too great, by the quantity
which these cavities are depressed below the Moon’s surface.
Both these cases, particularly the first, must frequently occur,
and” will require no small address in the practical astronomer,
to apply the necessary corrections.

A wethod different from any of the preceding has been very
successfully employed by M. Schroeter. He measures the
projections of the shadows of the mountains, when the Sun is
near their horizon, and is either about to leave them in dark-
ness, or advance to the meridian. From the distance of the
mountains from the boundary between light and darkness, we
presmue that he finds the altitude of the Sun above their hori-
zon, and thus deduces the altitude of the mountains. In this
way, he has measured not only the lunar mountains, but like-
wise the depth of her immense cavities ; and it appears from
his obscrvations, which we shall give at some length, that the
mountains of the Moon are considerably higher than those on
our own globe.

In the following Tables, we shall present the reader with
the various mcasurements of Schrocter, relative to the height,
and the breadth of the base of insulated mountains, central
mountains, annular mountains, the heads of annular mountains,
and stratified mountains, and likewise with the depth and breadth

of the lunar cavities. .

VOL. II. N
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TABLE OF THE HEIGHTS OF LUNAR MOUNT AIN>.

CIL V.

Tasre I Contaimng the Hght awl Breadth of insulated Mountains,
the 1leight of the Moon's Aimosphere being 1.622 English Miles, and
the Height of the more dense Part, which produces Twilight, being .381
English Miles.

Ref. to Names of msulate § | Her bt [Length of
~chioetar’) Mount uns. Laphsh | Gusc m General Remarks.
Plates. miles [ ngamles
a): 5007 | 36.88 [None of these seven mountain-
e o . 5.013 [46.10 | appear in Schroeter’s plates.
p { [Leibnitz 2o1r |azer | !
aJ 4686 | 28.05
o ] 5.007 129.96
v ~Deerfel 4.871 | 62.23
8 4.650 [27.66
Rook k886 {25.05 |On the Moon’s eastern limb, in
3 4.880 [20.74 | lat. 21 5.
9 4.080 |27.66
P L5TT1 | 17.29
1 4.517 1 27.66 |Round mountain, with lower|
0 one on its 8. «ide.
Mountains of k317 | 27.66 [Steep onits S. side, with hollow.
n (| D’Alembert [5.G59 [96.81 |Long ridge, of equal heaght.
¢ 3.404 [ 17.29
e 3.226 112.68 |d, e, £, g, h, on the same Limb.
r 3277 | 27.66
a 2.513 [20.74
g 2813 5221 | .
Huygens 1014 [ 11.49 [Round rock in the Appennines.
Calippus East | %.183 | 23.05
K 3.061 | 27.66 |Round rock N. of Conon, and
1,} Bradley 3277 [15.83 | ditto E. of Conon.
Mont Blanc 2.6+ 1 14,08 |Part of a broken ridge.
H Hadle 2616 111.52
1y [radie 2.10% | g9.22 [Rocks in the Appennines.
Wolff 2.501 1 56.88 |Elliptical rock, with chasm in
its S, extremity.
n |In Crisian Sea  [2.179 [16.13 [Ellipt. rock near its F. margin.
t k |Near Theatetus |2.179 {27.06 |Largc mountain, with high rock
on its S, L.
ik [E. of Parbechine]2.058 [11.72 |Lurge mountain. .
e (W.of Geminus | 1.Y92 | 2157
bb 5T by . of Lu- 1.986 | 18.44 |Large rock, stretching from E.
doxus to W,
7 l 1.955 | 9.22
v, |Alp 1.053 |14.08
vJ 1171 |13.83
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T oL 1. continued.

IRel

vorc ol daed |Br1tm Teaeth of

wll‘u.:)"u-r. Vourt 1 lt::"ll‘n‘h ‘ ‘nllv‘.x:ull':». Guncial Remarks.
Pico 181G | 9.22 |Highins. rock, S. marg.of Newt.
v |N.F.of Lravosth.| 1810 | 51.57 |Large mount. touching Eratos.
u  |[Near Plato 1.100 | 10.59 L. of Plato.

Mayor Promont. { 1290 118,44 |Large rock.
£ [Near Mare Sereinf 1.250 | 17.24
Promont. Alp. | L.1&5 | 902
Heraclides Fals. | 1.110 | 8.07 [Iligh peak on lofty promontory.
i ] Alp 1310 11015
e LOYS | 17.29
d |[Near Aristarchus; 1.000 | 10,57 {F. of Aristarchus.
B |Near Newton | L3852 | 1152 |S. of Pico, in marg. of Newton.
I u  Near Theatetus | LIT5 | 0.22 [Part of ridge W. of Theatetus,
.k Alp 1120 11308 | and 8. of small annular spot.
om In Creislan Sea [1.120 | .22 IN. L. of Picard.
k) L1114k | 0.5 |See Schroeter, Plate LVILL

) LOSY | 556
o Near Aristarchuy 1029 | 10.57 {Part of high ridge N.E. of Ari--
tarchus.
De la Caille, in|0.853 | 1930 'See Schroeter, Plate XXIX.

the widdle

Ncar M. Serenit.

De 1a Hire 0.823 110.37 |Brilliant mount. like a volcano.
| dd  |[Near Aristotle ]0.799 | 18.k} |Long narrow mountain, 8. L. of
X Aristotle.

Near Fratosthen 0.771 [10.37 [E. of Eratosthenes.
Lichtenberg 0.707 | 6.91 [Onits W.marg. L. of Seleucus.
Near Fontenelle [0.655 | 3.16
Near Archimides 0.611 |15.85 [Semicire. ridge, S. of Archimed.
Near Hortensius|0.593 | 11.52 |Large rock N.N.E, of Hortens.
Near Fuler 0.575 | 4.61 S, of Luler, and ncarest it.
Near Plato 0.575 | 576 IN. of Mont Blanc.

Near Thebit 0.393 | 9.22 ISemicire. ridge E. of Thebit.
Near Fuler 0.581 | 8.07 IS.W. of mount. A, and N. of B.
Near Thebit 0.375 |11.52 [S. L. of Thebit.

\ Kies 0.359 | %61 Mountains on the S. T margin
f 0.218 | 3.46 | of Kies.

N* Doppelmayer{0.127 | 8.07
Near Bullialdus [0.127 | 3.46 |North of Bullialdus.
Near Hermann, [0.127 | 5.76
N' Doppelmayer | 0.025 | 10.76
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TABLLS OF TIIE LUNAR MOUNTAINS.

(H. \

Tasrr II. Containing the Height of Central Mountains, and the Length
of therr Base.

Ref to 1ng, £ Haoht in] Longth of|
HL{:{(:;.::n “";;‘::n:;‘fl:m“l k ':fizll::h rg"n'(n :;(.\ Gunaal Remuks
w  |Arzachel 1.459 | 10.37 High and long rock, with peak higher than
the rcst, whose shadow s hike a black
" - spot m the rock.
C  |Alphonsus 1332 5.76 In annular cavity S. of Alphonsus,
B [Pythagoras 12111 10.13 [gee Sehroeter, Plate XAVI.
Albategnius 1.150{ 10.37
Waltcer 0999} 9.22 [Veryirregular hill, with two arms stretchmg]
north and west, and small annular cavity|
near each arm.
x  |Arzachel 0.623| 10.37 |Small annular mountamn.
v  |Alphonsus 0.623 | 16.13 Small round rock.
Vitello 0.857] 6.15 'See Schroeter, Plate LIV.
(rassendi 0.278 | 13.83 [This mountam has three tops, ene of which
apptars hike a bright spot in the shadow
of the othcr, when the sun 151 1t ho
e fig. 1 |Doppelmayer | 0.208 | 11.52] nson. dee Schrocter, plute L1V.
a  [Tycho 0.690 | 10.37 |Near the west end of the annula
cavity. See Schroeter, Plate LY

r::nular mountains.
but, 1 general. then position 15 ¢x wtly central.
ter’s Plates will be ot advantage to those who wich to examme the subject with greater care

The cential mountuins, whose heyght and magmtude are gnven m the praceding "I able
those which are placed m the centre of the spots or cavities thit arc curtonnded with
Sometmies these mountamns arc found towards one sde of the aavity

The references i the Table to Schroc

Tanir 111. Containing the Haghts of the Heads of Annular Mouniains,
and the Length of thu Base.

ef, to § . ight m  |Length of 13se
Rter's I"t-:(lf - Names of the Mountamns. Eﬁ:z‘ilfh :n‘lles m llf:lg m{l‘cs

¥ (lavias 3.262 10.97

] (lavius 2059 19.63

b Ptolemy 1.001 36 68

B Clavius 1423 641

X Alphonsus 1180 922

n Walther 0.0908 2305

e Ptolemy 09927 23045

d Ptolemy 0617 30 88

F 2. Alphonsuy 0732 092

L 1. Alphonsus 0720 092
Bullialdus 0hH11 3049
Bulli/ s 03063 5010
He,maan 0172 691
De la Canle 2,108 27 66
Liratosthenes 1.852 384.57

5

Plato ;1‘;8} 69.15
Archimedes 1.832 50.93
Cussun g;‘;g} 30.88
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TasLe IV. Containing the Heights of Annulur Mountains,
with the length of their Basc.

Rcf: 1:1 ;;‘;‘?:tl\:(w Name of the Aunular Mountams. ngh:;.d 1::": nglish| Lcngéll: ;;;Es%“‘.\:ﬂlr]: cin
Tycho Fast 2.016 59.93
A Clavius 1.429 36.88
C Clavius East 1.429 52.13
Aristillus 1.362 61.10
Autolycus 1.332 «8.81
Clavius 1.211 27.66 -

L Near Theatetus 1.192 10.37
1 Eratosthenek 1.114% 33.42
In the Crisian Sea 0.932 0.29
Archimedes 0.902 59.93
Vitello East 0.835 27.66
Gassendi West 0.690 71.45
B Near Archimedes 0.708 9.22
Landsberg 0.702 32.27
Theatetus 0.599 21.90
Near Alpetragius 0.538 9.22
Plato 0.538 69.15
1 Near Aristarchus 0.538 9.22
In Cassimi 0.548 9.22
. . f 0.623 0N
Timocharis 10.520 235.05
f Near Newton 0.563 8.07
c Hell 0.448 20.20
k Mare Serenit. 0.339 11.52
a Olbers 0.217 16.13
Hermann 0.217 16.13
o Near Bullialdus 0.193 16 14
q Clavius 0.193 6.0
q Near Marius 0.127 65.90
Lichtenberg 0.108 6.91

n Near Marius 0.090 unknown.
Manilius 0.423 27.66
m Near Aristerchus 0.399 6.15
h Near Heraclides 0.399 0.2¢
d Near Thebit 0.399 15.83
Rheinhold 0.887 34.57
1 Near Timocharis 0.345 4.61
-5 Near Copernicus 0.345 11.52
Cassini All. Med. 0.345 36.88
Euler 0.3114 27.66
w Near Plato 0.272 8.07
Hortensius 0.272 13.83
Pliny 0.248 34.57
Near Aristillus 0.230 5.76
Near Possidonius 0.193 6.15

* | Near theSinus Estuum| 0.181 6.15 |
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TABLES OF THE LUNAR MOUNTAINS.

CI. v,

Tanie V. Containing the Heights of Strata of Mountains, and
the Length of their Base.

Pl Names of Me it un. Bt A I R
Near Marius 0.502 1.01
. 5 .
Near Aristarchus O",’(” 576
0.853
. 0.260 | .
New A
Near Newton 0.169 § 401
o 0.193 )
Near Heraclides Falsu . 3.
Nea aclides Falsus ®108 8.10
0.181 o
Imum. Mar. Sercn. 0.108 } 0.1
Near Thebit 0.006 2.0
2dum. Mar. Scren. 0.108 0.15
Stium. Mar. Seren. 0.078 0.15
Near Archinnedes 0.072 330
Near Marius 0.121 1.01
Near Hermann 0.096 570
Near Marius 0.05 & 4.61
Near Marius 0.060 4.01
Near Hermann 0.018 570
Ibid 0.012 1.61
Near Hermann 0.012 1.01

TapLe VI. Containing the Dcpth of the Lunar Cavitics, and
'S }

the Breadth of their Orifices.

Rt-g;_:opzfa‘r&oo- Names of the Cavitics ll)( Puixi:lll.nrh b Bicaudth of thon Onfices,
Bernouilh 3.760 16.14
A Helicon West 2.603 18.1k
Eudoxus 2.385 10.25
. 2.861 .
Thebit % LYT 1 20 0h
Pytheas 2.343 10.37
B Helicon East 2.276 19.59
c Thebit 2.119 11.52
1.900
Lambert % 1515 10.37
Theatetus 2.064 16.13
Calippus 1.901 14.08
s 1.901
Manilius { 1787 10.37
Bianchini 1.816 27.66
Euler 1.804 13.83
1.804
Autolycus { 1707 18.44
Rheinhold 1.647 20.74
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TasLE IV, continved.
mt‘{: ?13‘.{:.“ ~ Names of the Cavities. Depmn’ﬁz;"gl“h Breadth of then Onfices
Copernicus : 2}g 37.95
. Picard 1568 13.83
I Near Aristotle 1.562 9.9¢
1513
Menelaus 1.410 1498
Pliny 1.3492 21.20
Timocharis ii ,l;,(: V8.4 k
s
Landsberg 1.832 L0.74
d Near Thibet 1.126 8.07
Aristarchus 1.108 23.05
A Near Pliny 1077 11.52
4 Near Purbachius 1.059 6.15
.k Near Copernicus 0.987 G.15
S Near Pliny 0.920 10.37
E Near Regiomontanus | 0.847 10.37
] Near de la Caille 0.817 10.37
e Near Thebit 0.781 8.006
Conon 0.678 10.37
Tobias Mayer 0.502 16.13
Cris. Sea. | Near Picard 0.290 34.57
Newton 3.700 43.70
Mylius 3.112 32.27
¢ Near Alphonsus 2797 20.74
Desplaces 2.5319 18.44
Aristillus 1.937 36.88
C Iell 1.987 19.59
Tycho 1.961 50.71
Tycho 1.750 50.71
A Walther 1.695 8.07
A Ptolemy 1.502 20.74
Bullialdus 1.447 27.66
Godin 1435 17.29
Possidonius 1.423 6.15
h Near Possidonius 1.350 9.22
Marius 1.180 24.20
E Architas 1.180 18.44
Agrippa 1217 21.48
F Architas 1.126 11.52
O Fontenelle 1.017 21.90
] Mar. Seren. 0.999 7.05
Aristarchus 0.762 23.05
Cardan 0.762 27,66
Kraftt 0.635 27.66
M Near Possidonius 0.635 3.04
q Mar. Seren. 0.617 4.61
K Mar. Seren. 0.508 6.13
z* Alphonsus 0.363 8.07
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It appears from the remarks contained in the preceding
tables, and it may be observed with the aid of a common te-
lescope, that the lunar surface is not only diversified with rocks
and cavities, but that some parts of it are distinguished from
others by their superior illumination. The dark parts of the
Moon’s disc are always smooth, and apparently level ; while
the luminous portions are clevated tracts, which either rise into
The dark h.ig.h mountains, or sink into deep and extensive ca-
parts of the  Vities. The general smoothness of the obscure re-
ﬂﬁn m gions naturally induced astronomers to believe that

they were immensc collections of water.  The names
given by Hevelius are founded on this opinion; and not-
withstanding the discoverics which have been made on the
surface of the Moon, it is still very generally maintained among
modern astronomers. When we cxawine the Moon's dise,
however, with minute attention, we find that these obscure por-
tions are not exactly level like a fluid surface. In many of
them the inequality of surface and of light is considerable 5 and
in some parts parallel ridges are distinctiy visible. The large dark
spot on the Moon's western limb, which is called the Crisian sea,
appears in general to be extremely level 5 but we have frequent-
ly observed, when the Moon was a little past her opposition,
and when the boundary of light and darkness passed through
the Crisian sea, that this bounding line, instead of being cllip-
tical, as it would have been had the surface been fluid, was ir-
regular, and cvidently indicated that this portion of the Moon™s
disc was actually elevated in the middle. The light of these
obscure regions, likewise, varies very much, according to the
angle of illumination, or the altitude of the Sun above their
horizon ; and when the Moon is ncar her conjunction they are
not much less luminous than the other parts of her disc. Now
this could never happen if' they were covered with water ; for
when a fluid surface is not rufiled by the wind, the light of the
Sun, or rather the image of the Sun, could not be scen, unless
“when the eye of the obscrver was in the line of the reflected
rays. It would appear, therefore, from these facts, that there
is no water in the Moon, ncither rivers, nor lahes, nor seas ;
and hence we are cntitled to infer that nonc of those atmosphe-
rical phenomena, which arise from the existence of water in our
own globe, will take place in the Junar world.
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The strata of mountains, and the insulated hills 1,unar
which mark the disc of this luminary, have cvidently mouutains.
no analogy with those in our own globe. Her mountainous
scenery, however, bears a stronger resemblance to the towering
sublimity, and the terrific ruggedness, of Alpine regions, than
to the tamer inequalities of less elevated countries. TTuge masses
of rock risc at once from the plains, and raise their peaked sum-
mits to an immense height in the air, while projecting craggs
spring from their rugged Hanks, and threatening the valleys be-
low, scem to bid defiance to the laws of gravitation. Around
the base of these frightful eminences are strewed numerous
loose and unconnected fragments, which time scems to have de-
tached from their parent mass ; and when we examine the rents
and ravines which accompany the overhanging clifls, we expect
every moment that they are to be torn from their base, and that
the process of destructive scparation which we had only con-
templated in its cffcets, is about to be exhibited before us in
tremendous reality.  ‘T'he strata of lunar mountains called the
Appenines, which traverse a portion of her disc from north-cast
to south-west, rise with a precipitous and craggy front from
the level of the Mare Imbrium. In some places their perpen-
dicular elevation is above four miles; and though they often
descend to a much lower level, they present an inaccessible bar-
ricr to the north-cast, while, on the south-west, they sink in
gentle declivity to the plains.

The analogy between the surface of the Karth Lunar ca-
and Moon fails in a still more remarkable degree, vems.
when we examine the circular cavities which appear in every
part of her dis¢®  Some of these immense caverns are ncarly
four miles deep and forty miles in diameter. A high annular
ridge, marked with lofty peaks and little cavities, generally en-
circles them ; an insulated mountain frequently rises in their cen-
tre, and sometimes they contain smaller cavities of the same na-
turc with themselves, These hollows are most numerous in the
south-west part of the Moon ; and 1t is from this cause that that
portion of this luminary is more brilliant than any other part
of her disc. The mountainous ridges which encircle the cavi-
ties, reflect the greatest quantity of light ; and from their lying
in every possible dircction, they appear near the time of full
Moon like a number of brilliant radiations, issuing from the
large spot called Tycho.
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Faplanation 1t Is difficult to explain, with any degree of pro-
of the lunar  bability, the formation of these immense cavities ;
cavernis. but we cannot help thinking that our Farth would
assume the same figure if all the «cas and lakes were removed
and it is therefore probable that the lunar cavities are cither
intended for the reception of water, or that they are the beds of
lakes and seas which have formerly existed in that luminary.
The circumstance of there Lieine no water in the Moon is a
strong confirmation of thus theory.

Volemnoes m L he deep cay erns and the broken irvegular gronnd
the Moon.  which appezr in almost every part of the Moon™
surface have induced weveral astronomers to believe that these
inequalities are of voleanice origin. This opinion was first mam-
tained by Dr. Took, in his Micographia, and was afterwards
supported by Becearia, Lichtenbery, and . Kpinus, the latter of
whom published a memorr on thie subject m 1781, The con-
jectures of these astronomers have recenved no small contirma-
tion from a number of remarkable phenomena whieli have been
seen in the dark part of the Moon in the course of the last cen-
tury. During the annular eclipse of the Sun, which happened on
the 24th June 1778, avery singular phienomenon was observed
by Don Ulloa. Belore the edge of the Sun’s dise einerged
from that of the Moon, he observad near the north-weet limb
of the Moon a bright white spot, wawh he imagined to be the
light of the Sun shining through an cpening in the Moon.
"T'his phenomenon continued alout one mmute and a quarter,
and was notiecd by three different observers. Beecaria ob-
served a spot similar to this in 1772, and imagined that it, as
well as that pereeived by Ulloa, were the flanies of a burning
mountain.  Mr. Bode of Berlin also perecived a bright spot in
the dark Limb of the Moon. 1M de Villencuve and M. Nouet
saw a luminous point near the <pot ITeraclides on the 22d May
1787, and on the 18th March 1%788. It rcsembled a sinall ne-
bula, ora star of the sisth magnitude, and scemed to vary consi-
derably in the light which it enntted.  This bright spot was
again scen on the 8ith of May by Mcchain, who thought that 1t
was the brilliant point of the <pot Aristarchus <hiuing by the
sccondary light reflected from the Barth. A very brilliant
spot was scen in the obscure part of the Moon on the 7th March
1794, by Mr. Wilkins of Norwich, and Mr. Stretton in Lon-
don. It appeared in the north-cast part of the Moon's disc,
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and continued visible for nearly five minutes.  Phenomena of a
similar hind have been observed by Dr. Ilerschel.  On the 4th
May 1783, he pereeived a luminous pomtin the obscure part
of the Moon, and two mountains, which were formed from the
4th to the 13th May. In 1787, he perceived sinilar pheno-
nomena, which we shall deseribe in his own words.

“ April 19, 1787, 10" 36" sidercal time. T per- o

e P . . olcanoes
ceive,” says Dr. Ierschel, ¢ three voleanoes in dif- giscovered by
ferent places of the dark part of the new Moon. Two f:ll 1{‘“‘
of them ave cither already ucarly extinct, or otherwice .
in a state of goiug to break out : which perhaps may be decided
nest ldnation. The thivd shews an actual eruption of fire, or
[uminous matter. T measured the distanee of the crater from
the northern Lmb of the Moon, and found it 8’ 5577.9. 1ts
light 15 much brighter than the nucleus of the comet which M.
Mcchain discovered at Paris the 10th of this month.

« April 20, 1787, 10" 2" sidereal time. The voleano byrns
with greater violenee than last night. T believe its diameter
cannot be less than 87, by comparing it with that of’ the Geor-
gian planet 5 as Jupiter was near at hand. 1 turned the teles-
scope to his third satellite, and estimated the diameter of the
burning part of the voleano to be equal to at least twice that of
the satellite. IHenee we inay compute that the shining or burn-
sz mattar must be above three miles 1 diameter. Tt is of an
irregnlar round figure, and very sharply defined on the edges.
The other two voleanoes are much farther towards the centre of
the Moon, and resemble Jarge pretty faint nebule, that are
gradually much biighter in the middle ; but no well defined
luminous spot can be discerned in them.  These three spots
are plainly to be distinguished from the rest of the marks upon
the Moon ; for the reflection of the Sun’s rays from the Larth
is in its present situation sufficiently bright, with a ten feet re-
flector, to shew the Moow’s spots, even the darkest of them;
nor did I perecive any similar phenomena last lunation, though
¥ “hen viewed the same places with the swme iustrument.

¢ The appearance of what T have called the actual fire, or
eruption of a voleano, exactly resembled a small picce of burn-
ing charcoal, when it is covered by a very thin coat of white
ashes, which frequently adhere to it when it has been some
time ignited ; and it had a degree of brightuc:s about as strong
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as that with which such a coal would be seen to glow in faint
daylight.

¢ All the adjacent parts of the voleanic mountain scemed to
be faintly illuminated by the eruption, and were gradually more
obscure as they lay at a greater distance from the crater.

“ "I'his eruption resembled much that which I saw on the
4th of May in the year 1783 ; an account of which, with many
remarkable particulars relating to voleanic mountains in the
Moon, I <hall take an carly opportunity of communicating to
this society. It differed, however, considerably in magnitude
and brightness ; for the vo'cano of the year 1783, though much
brighter than that which is now burning, was not nearly so
large in the dimensions of its eruption.  The former, seen in
the telescope, resembled a star ot the fourth magnitude, as it
appears to the natural eye; this, on the contrary, shews a vi-
sible disk of luminous matter, very different from the sparhling
brightness of star-light.
formation of ' The formation of craters in different parts of the
crateta. Moon scems also to indicate the existence of volea-
nocs.  With an excellent achromatic telescope, five feet long,
and with an aperture of three inches and three-quarters, Dr.
Olbers discovered in the Mare Crisium, between Picard and
Auzout, two small craters in the grey plam, which were both
wanting in Schroeter’s Topographical Charts  Schioceter had
frequently examined this part of the Moon with high magnify-
ing powers, under very fuvourable angles of illumination, but
had never pereeived the slightcst trace of these craters. Schroe-
ter at last perceived the Jargest of them, which was uncom-
monly dcep in proportion to its breadth, and was surrounded
with a broad annular cleyation of litle brightness.

Plte IV. In order to comvey to the rcader some idea of the
Sup. Frg. 4, lunar surface, we have 1cpresented three pottions

% G- of it as drawn by Schrocter, in Plate IV, Sup.
fig 4,5,6. Yig. 4 is the very biilhant spot called Arnistarehus,
in the north-east quadrant of the Moon’s surface.  Fig. 5 1e-
presents the spot called Gassendi, in the south-cast quadrant of
the Moon, the dak cdge a b representing the boundary be-
tween the illuminated and obscure part of her dise.  Tig. 6 is
the spot called Hevelius, containing an annular cavity, and a
broken clevation resembling an egg.

The height of the lunar mountains, 1clative to those in the
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Earth, Mereury, and Venus, is shewn m Fig. 7, ppee 1v.
where those in  enus appear to be highest, and those Sup. Fig. 7.
of the Tarth the lowedt.

"Phie existence of a lunar atmaosphere has long been A rguments

a fertile subject of dispute among philosophers. The 2gunst the

. < . existence of &
constant serenity of the Moon™s surface, undisturbed Junar atmo-
by clouds or vapours, indured astronomers to believe sphere. .
that she was not sarrounded with an atmosphere ; ainld this opi-
nion was confirmed by the brilliancy of light retained by the
fixed stars and planets, when they were nearly in contact with
the limb of the Moon, and when their light must have passed
through her atmosphere. M. De Fouchy, ir a memolr upon
this sabject, endeasours to shew, that the duration of eclipses
and ocenltations ought 1o be dinpinished by means of the re-
tractive power of the 3o.n’s atmosphere s and it its horizontal
retraction amounted to &, that there never could be a total
echipse of the Sun. In the eclipse of that luminary which hap-
pened in 1724, total darkness continued 2 167 a cirewnstanee
which Fouchy maintains could not possibly have happened,
had the Moon been encireled even with the rarest atmosphere.
I'hese arguments, however ingenious they may be, are founded
upon the suppaosition, that the data on which Lis calculations
are made are pvri'ccﬂ_x correct.

The appearance of the Moon™ limb, in total and partial
wlipses of the Sun, has suggested numerous arguments for
the existenee of a lunar atmosphere. In the year 1605, Kep-
pler perecived that the Moon, in a <olar eclipse, was surrounded
with a luminous ring, which was most hiilliant on the side
nearest the Moon.  The «<ame phenomenon was olserved by
Woll in the total cclipse of May 1706.  Captain Stanyan,
who observed the same eclipse at Bern, perecived a blood red
streak of light immediately before the emersion of the Sua’s
limb.  Fatio ohsorved at Geneva the luminons ring round the
Voon; and Dr. Scheuchzer deserthes the eelipse as appearing
annular, in consequenee of the refraction of the Sun's hight by
the atmosphere of the Moon.  In the total eclipse of 1715, Dr
Ialley ohserved a diminution of brightness in the hinb of the
Sun, which was immerging before total darkness.  The sharp
horns of the solar crescent were blunted at their extremites
during total darkness, and a ring of light encompassed the
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Moou.  The ring was brightest near the body of the Moon,
and 1 shes or corruseations of light scemed to dart out on all
sides from behind the Meon a htte before the emersion. About
two seconds preceding the emersion, a long narrow streak of
dushy but strong red hight seenmed to colour the western Yimb
of the Moon: but when the Sun oppeared, the streak and the
Tuminons ring inctantly venished. 3. Lowville observed the
.same phenomesa s and he deseribes the red streuk scen by Dre
Iolley, as a picee of a crde of a lively reds which preceded
the emcedon of tle sun’™ lunh,

In the celipse of the Sun which heppened on the 25th Jul
1743, when the uncovaiol part of the Sun resembled the Moon
i her quadiatures, the horns of the <olor ere ¢ont were oh-
served by Tuler to be bene outw uds bavond the eirele, in
which cvery other part of Lis dice was compreincaded. When
the echpe heea ne anavlar, the Sun's dise woes didated hoyond
the circie which fonaedy embeaced 1 "Fhis dilotation was also
obeerved by M. Polack at Traukfort upon the Oder. and has
been estimated by Livder at 25 .

Ieom obeervations made upon the celip e of the Sun i 1764,
M. Du Sejour has demonstrated, that the mflexion of the rays
which pussed by the 3Moon’s Limb, anounted to 41, and must,
therefore, have ariscu from the refraction of her atmosphere.

In the eclipse of 1978, in which the total darkness lasted
four minutes, Ulloa observed sevaral singular appearances,
The ring of light about the Moun ~ccmed 10 have a rapid cr-
cular motion.  "I'his light hecame more dazshng as the centre
of the luminaries approached, aud about the middle of the
echipse its breadth was about a sixth part of the Moon™ diame-
ter. ('orruscations issucd fiom it in all directions, and the light
was reddish towards the Moon, a deep yellow towards the
middle, and pure white at its cireumference.

Several experiments were made with the shadows of globes
by Maraldi and Fouchy. to shew that the luminous 1ing might
arise from manother cause than the Moon™s atmosphere. They
found that a rmg of heht, produced by the inflexion of the
Pas.ng rays, surrotnded the shadows of all opaque globular
bodics; and they conmdered this as a triumphant answer to
the preceding arguments in favour of a lunar atmosphere. The
answer seems 1o have been admitted by their opponents as sa-
tisfactury, and we do not hnow that 1ts fallacy has ever been
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exposed.  As the phenomena of inflexion are produced merely
by the surfaces of bodies, the breadih of the luminous ring,
produced Ly the inficdon of li tht passing by the head of a pin,
will be as great as the humiacus ring produeed by the infleet-
g pover ! the Moon at the same distanee from both bodies.
The ring of Lieht, therefore, curronadimg the Moon, will not
aveeed the luminons 1img which Maraidi and Fouchy observed
around their globes of weod and stone, and, thereiore, could
not possibly sublend o sansible angle ot the distan ¢ of that
luminary.

"The appearance o the star, awl plavets. when edipred by
the Moon, [urishes us with additional prooss of the existeuce
of a hunar atmosphece. It was naturally expected by asirono-
mers, that when the stas or plancts came into contact with the
Moon™s limbs, they oucnt to sehiir a clange i theie colour,
arising from the transaii-~ea ot” their hght throven the densest
pact of the Moon’s atnn < oo When we corsidery however,
that the lunar atmosphere, it 16 <se were preportional to that
of the carth, could not <ubtond a greater angle than one sc-
cond, and that the cmerging star moves through this space in
two sceonds, we are scarcely entitled to expeet any considerable
change i its brilliancy.  Besides, the visible limb of the Moon
may be formed by mouutains, and the denser part of her at-
mosphere may be below their stmunits; so that the remainig
part of the atmosphere, which is alone visible to us, may not
have sufficient density to deaden the light of the emerging star.
Cassini remarks, that he frequently observed the circular figure
of Jupiter, Saturn, and the fined stars, changed into an cllipti-
cal one, when they approached cither the dark or the ilhumi-
nated limb of the Moon. In the oceultation of’ Saturn, ohseryed
by Mr. Dunn on the 17th June 1762, the ring and the Lody
of Saturn appeared evidently to be affected by their proxmmity
to the Moon, and had the appearance of a comet at the momcnt
of emersion. M. le Momnier observed the star Aldebaran ad-
vanced as it were upon the illuninated dise of” the Moon; bhut
this must have been owing to sawe optical illusion.

Notwithstanding the foree of the preceding arguments, the
complete discovery of the Moon’s atmosphere was reserved for
the celebrated M. Schroeter of Lilienthal.  This astronomer
had frequently peredived, that the high ridges of the Innar
mountains Leibnitz and Doerfel, when m the dark hemi phere,



192 NEW DISCOVERIES, &c. IN THE MOON. CIH. V.

were less illuminated in proportion to their distance from the
boundary of light and darkness, and that the cusps were also
more faintly illuminated than the other parts of the Moon’s disc.
He likewise observed ¢ several obscurations and returning se-
renity, eruptions, and other changes in the lunar atmospliore ;”
from which he was led to expect, that a faint twilight 1ight be
perceived towards her cusps, as he had done in Venus.
By observing the Moon when her phases were extremely
falcated, Schrocter at last discovered a faint glimmering light
Plate 11, ©f & pyramidal form, extending from both cusps into
Sup. Vig.  the dark hemisphere, like b ¢, Figures 4 and 5
4 5 The greatest breadth of this crespuscular light was
2" and its 1011;;!]1 1/ 20”5 from which Schroeter has computed,
that the breadth of the lunar twilight, from the terminator or
boundary of light and darkness, to where it loses itsclf in, and
assumes the faint appearance of the light reflected from our
Rarth, measures, in a direction perpendicular to the terminator,
2° 34 25" 5 and, therefore, that the inferior or more dense part
of the Moon's atmosphere 1s not more than 1500 English feet
high, and that the height of the atmosphere, where it could af-
feet the brightuess of a fixed star, or inflect the solar rays, does
not exceed 5742 English feet.  This space subtends at our
Tarth only an angle of 0”.94, which will be passed over by the
star in less than 2” of time.  The occultation of Jupiter on the
7th April 1792, was observed by Schroeter for the purpose of
confirming the preceding discovery. Some of the satellites
became indistinet at the limb of the Moon, while others did not
suffer any change of colour. The belts and spots of Jupiter
appeared perfectly distinet when close to the limb of the Moon,
and a small luminous spot, though by no means very per-
ceptible, could be plainly distinguished when close to the Moon’s
limb.
On the mag- When the .Slm and Moon rise above the horizon,
nitude of the OF set below it, they generally appear much larger
‘]‘\‘}ﬂo‘ﬁ""‘l than they do when seen on the meridian ; though it
' is certain that they subtend a smaller angle in the
former case than in the latier, when measured with a microme-
Plate XTV. ter.  When the place A, Fig. 1, has the Moon P
Fig.1.  in its meridian, the Moon is evidently nearer by
more than 4000 miles, a seiidiameter of the Earth, than when
the place has come round to B, and has the Moo in its hori-
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zon. 'The extraordinary magnitude, thérefore, of the Sun and
Moon in the horizon, must be the result of some optical illu-
sion. In explaining this <ingular phenomenon, astronomers
have satisfied themsclves with saying, that the shy does not
appegg, like a circular hemisphere M N O P, but  piae 1v.
like an}yal vault mnop ; the part of the zenith o Sup- Fig. 8
sceming to be much nearer the eye of the spectator at E, than
the horizon at m ; and therefore that the horizontal Moon at
m will he referred to a distance E », and have the magnitude
m, while the Moon in the zenith will be referred to a distance
Il o, and have the magnitude shewn at o. This explavation,
however, only puts the difficulty a step farther oft: for the
question still recurs, Why docs the zenith o appear ncarer the
Idarth than the horizon O ?

When we cstimate the magnitude of remote objects, our
Jjudgment is formed by comparing them with adjacent objects
whose magnitude is known. Thus, if' we pereeive a man standing
upon a rock in the middle of the sea, we may form a tolerably
correet estimate of the size of the rock by comparing it with
the 1an, whose size may be reckoned about five feet cight
inches; but if the rock is seen by itself, it is impossible to form
any probable estimate of its magnitude. Hence a buoy seen at
sca always appears much less than it really is. The same
thing happens with regard to the estimation of distances. When
many objects intervene, the mind is enabled to form an estimate
approaching to accuracy; but at sca, wherc no objects inter-
vene, the deception is cnormous; and in like manner, in a
mist, objects appear nearer and larger from the intervening ob-
Jjects being obscured and concealed. If an object is viewed in
a horizontal line, or placed on the surface of the Earth, we arc
generally enabled to form a pretty accurate notion of its mag-
nitude, by comparing it with adjacent or intervening objects.
Thus the size of a ball placed before a house may be estimated
by comparing it with the width of a window or a door, which
is generally of a certain size ; but if the ball is placed ou the

_ top of a spire, it is impossible to form a tolerable notion of its
magnitude. To the writer of these remarks, the mosaic pave-
ment in St. Paul’s appeared about one-fifth of its real size when
seen from the top of the cupola; but as soon as a man passed
over it, the comparison corrected this crroncous estimate, and
the pavement scemed to increase in magnitude. For the same

VOL.*11L. 0
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reason, the apparent size of the Moon when in the horizon is
estimated by a comparison with intervening ebjects: but when
she is at a considerable height above the horizon, she diminishes
in <ize like the ball on thv top of a spue. In order to obtain
an experimental proof’ of this explanation, we smoked the,sur-
face of 2 mirror to imitate the horizoutal vapours, and wien the
Moon had a considerable altitude, we retleeted her image from
the mirror, so that she appeared ruddy and near the horizon.
In this case her size evidently inereased, and when the horizon.
tal Moon was reflected up to the zenith, her apparent magnitude
was diminished.  For the same reason, when the image of the
Moon was reflected upon an ohject near the eye, it appeared
extremely small, and when the image was thrown upon a dis-
tant object, it became very large.

Mr. Ezehiel Walker endeavours to account for the mag-
nitude of the horizontal Moon by saying, that, on account of
the diminution of the moonlight in the horizon, the pupil is
more expanded than when the Moon is viewed at high alti-
tudes, and that a larger image is on this account formed upon
the retina. This opinion is denionstrably erroncous ; for though
the distance betwecn two swars appears greater when they are in
the horizon than in the zenith, it will not be maintained that
the pupil i~ more expanded in the one case than in the other.

0 While the Moon is performing her monthly revo.
n the rota« . .
don of the  lution, she always presents the same side to the
Aloon. Tiarth. This remarkable circumstance arises from
her rotation about an axis in 29* 12" the same time that she
revolves round the EKarth : for if the Moon had no rotation
upon an axis, she would exhibit every part of her surface to a
Plate VIIL Spectator upon the Earth.  If the Moon A, Fig. 1,
Fig. 1. were always to keep the same side A v, to the Earth
at /&, the line A v would not be carried parallel to itself; for
when the Moon has reached @, the line A v will now have a
Position at right angles to » s, the Moon having performed a
quarter of a revolution round her axis. ’
From observations upon the lunar spots, Cassini found that
the Moon revelves round an axis inclined 88° 17’ to the ecliptic,
and that the nodes of the Moon’s equator have the same positien,
and the .wme retrograde riotion, as the nodes of the Moon’s orbit.
The cquality between the rotation and revolution of the
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Moon was aseribed by Newton to her having an oval form, one
side of which was denser than the other. La Grange, however,
has shewn, that though the Moon ought to be clevated at the
equator, by the diminution of the centrifugal force, yet the
clevation is four times as great in the direction of the diameter
of the ¢"yator that points to the Earth, in the same way as the
“waters of the'Earth are always of a spheroidal form, the axis of
the spheroid being directed to the Moon. Tn consequence of
the attraction of the Earth upon this clevated portion, La
Grange has <hewn, that the velocity of the Moon's motion is
sometimes accelerated and sometinies retarded ; and that the
tendency of this attraction is to produce an equality between
the rotation and revolution of the Moon, cven if they had been
different, and to occasion a coincidence both in the position and
motion of the nodes of the lunar equator and the lunar orbit.
Ta Place supposes, that the high mountains of the Moon will
have an influence upon these phenomena, and that this effect
will be greater in proportion to the snrallness of the compres-
sion at the lunar poles, and the smallness of her mass.

If we examine with attention the disc of the Moon, ¢ 4o
we shall sometimcs observe the spots on her eastern ton of the
Iimb, which were formerly visible, concealed behind Moon.
her dise, while others appear on her western limb which were
not seen hefore. The spots which appear on her western limb
withdraw themsclves behind the limb, while the spots which were
concealed behind the eastern limb again appear. The very
same phenomena are observed in the north and south limb of
the Moon, so that the spots sometimes change their position
about three minutes on the Moon’s disc. This phenomenon is
called the lLbration of the Moon ; which is of four different
kinds, the diurnal libration, the libration in longitude, the li-
bration in latitude, and the libration arising from the action of
the Earth on the lunar spheroid. The two first of these were
noticed by Galileo, the third by Hevelius, and the fourth by
La Grange.

If the disc of the Moon, supposed to be at S, in Diurnal k-
Fig. 2 of Plate V, is cxamined by persons situated bration.
at VI and XII, to the former of whom she appears ][f,‘.:: .‘;
in the horizon, and to the latter in the meridian, it is
manifest that the person at VI will see a small poriion of the
Moon’s north limb which the person at XII cannot perceive,
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and that the person at XII will see a portion of the Moon’s
southern limb which is conecaled from the spectatorat VI. But
when the spectator at VI is carried by the Earth’s rotation nto
the position X1I, or when the Moon comes to his meridian, he
will lose sight of the part of the Moon north limb whi-h he
formerly saw ; aud the part of the Moon’s south hmb ‘%mrly
concealed from him, will come into view. While 'nc” is carred
from XII so VI, or when the Moon moves fr.m his meridian
to his horizon, he will perceive more and more of the Moon's
south limb, and lose more and more of her north limb. These
phenomena will be repeated every day ; and the diurnal libra-
tion which is thus produced, will be proportional to the Moon
parallax in altitude.

[abiation n The libration of the Moon in longitude arises from
tongitude.  the inequalities of her motion round the Earth, com.-
bined with the uniformity of her motion round her axis. If the
Moon moved uniformly in a circle round the Earth in its cen-
tre, she would always turn the same facc to the Earth, and
there would be no hibration in longitude, the same spots ap-
pearing always at the borders of her eastern and western limb ;
or, what is the same thing, if the Moon moyes unequally round
her anis, and uncqually in her orbit, the incqualitics varying in
the same manner, there would be no libration in longitude.
But as the Moon moves unequally in an elliptic orbit round
the Earth, placed in one of the foci, while she moves cqually
round her axis, she cannot present exactly the same face to the
Barth. For since the two revolutions are performed exactly in
the sume time, the Moon will have performed more than one-
twenticth, or any other part of her monthly revolution, when
her motion is the quickest, in the time that she has performed
one-twentieth of her revolution about her axis; so that the
Earth has, as it were, got behind the Moon’s eastern limb, and
sees a part of it which was not visible before.  In the same
manner, when the Moon is near her perigee, where her motion
is <lowest, she will perform less than one-twentieth part of her
monthly revolution in the same time that she performs one-
twentieth part of her rotatory motion ; so that the Earth will,
as it were, be left behind, and get a view of the part of her
western limb that was formerly concealed. 'The greatest libra-
tion in longitude happens when the Crisian sea is distant about
thirce-fourths of its width from the western limb of the Moon.
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The libration of the Moon in latitude arises from 1 ipration in
the inclination of her axis 88° 17” to the ccliptic in latitude.
which the Farth is placed.  IIad her axis been exactly perpen-
dicular to the ecliptic, this libration would have vanished. Dur-
ing one half of lier monthly revolution, the Moon’s axis forms
an acl\t: e angle with the radius veetor, or line joiniug the Earth
axd~Klodisaarying between 88> 17’ and 90°, and, consequently,
the north pole.of the Moon, and the adjacent parts, comes into
view, and the south pole is concealed ; but, during the other
half of her revolution, her axis forms an obtuse angle with the
line joining the Xarth and Moon, varying from 90° to 91° 48’
and therefore the north pole of the Moon, and the adjacent parts
of her north limb, are withdrawn from the Karth, while the
south pole comes into view.

Thesc three hinds of libration are mercly optical, sphercidal
and do not affect the real rotation of the Moon. libration.
"The fourth species, however, produces a little inequality in her
rotation, as it arises from a small ,oscillation of the Moon about
an axis perpendicular to the radius vector, produced by the
action of the Earth on the elevated parts of the lunar spheroid.

CHAP VI

ON ECULIPSES.

-

Thug subject of celipses has been already treated by
Mr. Ferguson, in the 18th and 19th chapters of the
first volume, at so great length, and with so much perspicuity,
that we have no occasion to dwell any longer on that interesting
part of astronomy. As the catalogues of eclipses, which are
contained in the 18th chapter, extend no farther than the year
1800, we shall, in some measure, render them more complete,
by presenting the reader with a catalogue of all the solar eclipses
from the year 1769 till the year 1900. This catalogue, which
we have abridged from the French of M. Du Vaucel in the
Memoires des Savans Etrangers, was calculated from the tables
of Mayer for the meridian of Paris, in order to gratify the
French king, who was anxious to know if a total or annular .
eclipse would soon happen. It will appear, from the catalogue,
that the only annular eclipse in the 19th century will take place
on the 9th October 1847.

On eclipses.
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CHAPY. VIL

ON OCCULTATIONS,

Durine the monthly motion of the Moon from wesdh gt in
the heavens, she must appear to an inhabitant o€ the EFarth to
pass over such of the tixed stars as lie near Inr apparent path.
The star which the Moon thus conceals from the Karth is said
to suffer an occultation, or an eclipse.  As the Moon’s orbit 1s
inclined to the ecliptic, and as the line of her nodes is constantly
shifting, her apparent path in the heavens is subject to perpe-
tual change; so that all those stars may suffer an occultation
which are contained in a zone of the heavens, extending, on
each side of the ecliptic, to the distance of the greatest latitude
of the Moon’s limb, as seen from the Farth. This zone is about
18° 12 broad ; and hence all those stars whose latitudes do not
exceed 6° 36" may suffer an occultation to the inhabitants of
some parts of the Earth. All the stars situated within a zone
9° ¥ broad, or whose latitudes do not exceed 4° 32, may suffer
an occultation to the inhabitants of any part of the Earth. The
most remarkable stars that lie within the broadest of these zones,
with their longitudes and latitudes for 1820, according to the
accurate observations of Bradley and Maskelync, are contained
in the following table.

Longitude, 1820. Latitude. Magnitude
3 Aries, 1 18° 19 557 1° 48 7" N. 4
» Taurus, or dlcione, 1 27 28 55 4 1 386 N. 8
o Taurus, 2 8 17 11 5 45 30 8. 3
s Taurus, 2 5 506 48 2 85 37 S. 3.4
“ T;:b'::;":” A"} 2 7 16 285 5 28 46 8. 1
£ Taurus, 2 20 3 48 5 21 59 N. 2
{ Taurus, 2 22 16 27 2 13 29 S. 3
#» Gemini, 3 0 55 48 0 55 4 S. 4.5
¢ Gemini, 3 2 47 13 0 5 34 S. 8
w Gemini, 3 6 8 31 6 46 12 S. 23
« Gemini, 3 7 25 41 2 2 28 N. 3
3 Gemini, 3 16 0 40 0 12 19 S. 2
# Gemini, or Pollux, 3 20 43 45 6 40 19 N. 3
# Cancer, 4 5 2 2 3 10 22 N. 4
9 Cancer 4 6 12 20 0 4 13 N. 4



CH VI

¢ Leo,
° Leo,
n Leo,

« Leo, or Regulus,

] 11(."0,
= Leo, "

v‘L??
»

Virgo
c Virgo: \\

n Virgo,
v Virgo,

« Virgo, or Spica,

« Libre,

1. s Libre,

y Libreo,

2 Libra,

= Libra,

¢ Libre,

A Libl‘d‘,

d Scorpio,

» Scorpio,

£ Scorpio,

¥ Scorpio,

¢ Scorpio,

« Scorpio,

7 Scorpio,

o Sagittarius,
1. g Sagittarius,
» Sagittarius,
@ Sagittarius,
« Sagittarius,
= Sagittarius,
o Sagittarius,
x Sagittarius,
g Capricorn,
¢ Capricorn,

« Capricorn, or}

Deneb Algedi,

3 Capricorn,

¢ Aquarius,

¢ Aquarius, or
Ancha,

A Aquarius,

@ Aquarius,

3 Pisces,

s Pisces,

¢ Pisces,

;

Longitude, 1820,

CRLLLODRBRRELRXXFTIJITTI=ISCICC & Cr O Gv b b

1 9

21
R5
27

3
18
21
24

0

2

7
21
12
18
22
24

25

27

el
-3

S OoOC

|
WVIROX®TTI O

bt ot
pal i)

WO = e e
O = O Q=W

[
Cr o~ O

ok
-3

44
23
19
52
59
32
35
51
19
39
19
34
29
37
50
14
21
57

3
25
40

8
17
14
56
45
42
58
39
52
19
28
44
32
41

16

1
12

44

3
37
38

1
21

80"
49
34
38
36
58
42
58
21
27
52
42

40
18
20
59
58
23
57
39
46
41
1
24
56
53
1%
9
42
59
28
43
47
32
6
11

4

16
28
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46
51
27
8
33
2
41
4
22
48
2
21
49
24
2
1
29
6
57
206
4
39
0
32
5
56

a9

~ao

5
55
24
58
53
28
36
57
32

33
3

43

Latitude.
9’ 57/1

1

9
38
29
21
51
35
42
24
57
14
48
14
41
52

1
4
53
17
15
58
52
23
24
21
48
24
31
22
55
43
36

7
46
31

6

40
47

22

56

7
44
37
11

Magnitude.
S. 4
S. 3.4
N. 34
N. 1
N. 4
S. 4
S. 4
N. 3
N. 4.3
N. 3
N 3
S. 1
N. 2
S. 4.3
N. 34
N. 4
N. 4
N. 4
N. 4
S. 3
S. 3
N. 2
N. 4
S. 5
S. 1
S. 4
S. 3
N. 4
S. 4
S. 5
S. 4.3
S. 4
N. 4
N. 4
N. 3
S. 4
S. 4
S. 3
S. 4
N. 4
S. 4
S. 5
N. 4
N. 4
S. 4
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The following more extensive table contains the right ascen-
sion and declination, with the annual variation of all stars nox
below the fourth magnitude, that are liable to be eclipsed by
the Moon.® Itincludes, of course, the stars of the preceding

"Table.

1820.
JAN. 1.

Te 71 X
2y 86 X
3n 99 X
45 100 X
50 110 X

.
0
1
1
1
1

628 75Ceti 2

7
83
9f
10 4
11 A
12 o

e
3
..3

we =3 Tr v

O WL
OC 00 X O&X & OC OC OC OC OC OX X O

d
w
—
Qe
(=]
Ll

14 23 64
15 3= 67
16 ¢ 74
17 « 87
18 4102
19 112
20 2123
21 132

922 x 44 Aur.

23 3
24 p
25y
26 s
27¢
289
20
30 v
Bl1x

70
18 11
18 11
27 1
43 0
55 11
60 o
69 o
7711
324 4395
333 479
34 1« GO o5
35 205 on
36 58
3714 §

87 Ceti 2

R T L T Sy

CLRPVPVAITIIISTODID

Ann.
AR Var.
M. & 8.
53 $6,494-3.,11
4 19,90 3,11
21 51,80 38,19
32 4,13 3,10
35 51,82 3,15
18 35,78 38,10
85 13,10 3,20
1 20,80 3,59
20 50,73 3,98
36 47,43 3,53
54 4,1% 38,502
9 83,561 3,40
12 83,87 3,43
13 48,73 8,43
14 42,45 38,51
18 7,01 38,49
25 36,02 3,43
52 20,54 3,57

1%
20
37

3

4
12
18
32
83

9
14
24
33
32
34
46
48
22

31

55,07 3,78
53,56 3,57
58,24 5,67
54,94 3,82
0,64 3,63
3,09 8,63
16,35 8,55

51,07 3,69
25,56 3,56
21,65 3,59

32,08 2,74
49,05 43,71
34.03 3,63
51,08 8,49
26,42 35,43
4,97 3,29
37,81 3,2
13,98 3,25
31,91 3,21

PR oo I
. A s Orint
N.T.D. o ovar wiz)h Mendian.
° [ ” D asc. D dese.
83 4 49,0—~19,5 062" 72°
838 22 41,1 19,3 62 72
75 85 2,7 18,8 67 69
85 25 33,4 185 66 70
81 ¥ 3,9 18,4+ O T4
82 21 8,8 10,7
80 39 3,7 1506
70 57 37,8 14,2 69 79
77 41 11,3 12,9
66 27 82,7 1,8 73 7Y
68 25 3.5 10,56 T3 83
74 48 53,0  9,%
72 53 14,7 91 76 82
T 58 51,0 9,1 77T 83
68 13 10,8 9,0 75 85
71 13 38,4 8,6 76 86
73 51 39,2 8,0 80 81
68 40 83,9 59 78 88
61 38 16,5 8,9 81 86
68 58 359 3,0 81 91
65 30 15,1— 2,0 83 O
60 26 43,64 0,2
67 27 22 02 85 95
67 24 138 1,2 86 96
69 40 59,7 1,5 87 95
64 42 1,3 2,8 88 98
69 10 28,5 4,5 90 100
67 41 42,5 59 91 101
61 51 12,5 0,3
62 42 46,54 7,1 96 98
65 10 44,1 7,9 95 103
67 53 27,3 12,4 100 108
71 11 26,2 12,7 100 110
77 41 30,7 13,2 104 106
7 27 43 13,5 104 1006
77 54 27,3 154 104 112
79 17 85,2 159 105 111

5 T'lus table 15 extracted from Mr. Pond’s Obscrvations, vol. ii.
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1820.
Jan. 1.

I1.
38x 200 9
399 308, 9
40222 0 9
4l1¢ 47 Q 10
Ay 1T N ‘i
43 (G 78 Q)1
44+ 84 11
45v 91 11
46 (s 5 M)11
474 15M 12
184 20 My 12
498 511y 13
50« 67 Mp 13
511 68y 13
2 OB MY 1
532100 M) 1t
512 9= 14
53 4 85 =~ 15
56 4 38
T x 43
58 A
598
00 »
61
623
6318
612
65 v
66 ¢
().7 ™"
68 ¢
69

b Ip

45 == 156
46 =~ 15
6M 1
18 =~ 1
TM 15
sm 1
s 15
140 16
20 M 16
21 M 16
8 Oph.16
23 M 16
70 A 36 Oph.17
71 ¢ 400ph.17
72 $ 42 Oph.17
73 B 44 Oph.17
741218 1 18
752 15 18
763 19 18
77T 2 22 18
781y 32 18
790 84 18
800 39 18
81+ 40 18
82 x 41 18
83 ¢ 42 19
84d 43 19

S S e e Y

ON OCCULTATIONS.

AR

M.
50
57
58
23
11
1%
3
27
41
10
32
0
15
17
3
9
10

09
P

5 w5

5 381

48
13
47
48
49
5%
54

1
10
18
20
24

4
10
10
15

2

4

9
16
48
44
53
55
59

4

7

8.
41,36
30,29
16,13
19,32
51,08
31,00
40,61
43,87
18,84
41,82
32,52
38,17
43,25
13,20
18,18
22,88
56,08
15,78
28,31
35,29
58,87
35,17
58,060
7,19

Ann.

Var.

8.

3,18
3,28
3,21
3,16
3,10
3,11

3,00
3,07
3,12
3,07
3,02
3,09
3,15
3,15
3,17
3,22
3,30
3,30
3,32
343
3,43
3,38
3,59
3,33

42,264-3,51

56,11

3,47

50,584 3,47

32,69
15,74
23,01
50,67
41,41
17,43
13.21
57,78
22,77
59,36
28,73
28,02
51,53
17,80

5,88
53,29
41,89

3,14
29,57

5,76

3,40
3,01
3,60
3,11
3,71
3,70
3,56
3,67
3,64
3,59
3,59
3,84
3,70
3,62
3,78
3,59
3,75
3,57
3,68
3,51

N.P.D.

81
72
™
79
82
78
806
89
87
89
90
94

100

101
99

102

105

106

104

109

109

106

115

103

112

109

109

108

115

116

106

117

116

110

114

113

111

110

119

115

112

116

111

117

111

115

109

385
45

18
17
58

12
49
19
54
48

59
o

46
53
30
57
30
59
55
17
33
15

4

44,6
48,0
23,0
10,0
5,6
42,0
10,3
48,1
14,7
52,7
35,9
20,5
2,4
2,6
57,0
10,4
0,2
50,1
48,0
8,1
.3
20,6
8,0
0,4
55,64
8,7
55,54
5 7,3
58,0
14,7
35,5
50,1
24,5
27,4
27,8
50,04

37,4—

11,0
30,0
31,6
15,7
21,5
35,7
15,8
53,8
17,7
42,4

Ann.
Var.
”

16,9
17,2
17,8
18,2
19,6
19,6
19,7
19,9
20,0
20,0
19,9
19,0
19,0
19,0
17.2
17,0
15,2
12,8
12,1
12,2
11,4
11,3
11,0
11,0
10,9
10,5
10,5
10,0

9,3

8,6

8,5

8,2

4,9

4,4

4,4

208

N.E. Angleof
D ’s Orbit
with Meridian.
Y asc. ) desc.
106° 112
108 112
105 115
106 116
108 118

108
109
108
108
111
108
107
108
106
105
103
100
102

99

98
107

94

118
117
118
118
117
118
117
116
114
115
113
110
108
109
108
109
104
97 107
107
107
106
104
103
101

101
100
100
95
95

94
91
90
91
86
90
88
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1820 N.E. Angle of

. Ann. Anne )% Orint

Jax. 1. AR Var, N-PD- 07 with Meridun.
H. M. S. s o 4 » " Dasc. )desc.

85Db 59 ¢ 19 45 53,11 38,69 117 38 10,0 8,8

868 9 s 20 10 53,23 8,38 105 20 23,9 10,8 76 80°
873 2318 20 55 48,76 3,37 107 56 23,0 13,8 Gr 79
88 39 1§ 21 26 59,04 8,37 110 15 54,8 15,7 .70 7Tt
80y 40 1% 21 30 6,08 3,34 107 28 6,9 1F 568 -
909 49 18 21 37 543 38,33 106 56 13,1 1%2 67 75
919 43«2 22 719,36 3,17 98 40 27,8 ‘17,5 66 74
922 71z 22 40 3,13 3,19 104 32 48,3 18,8

93 73 22 43 13,00 3,13 98 32 0,5 18,9 63 73
94 @ 90 =2 28 4 59,51 3,10 97 0 582 194 02 72
95w 28 X 28 50 4,03 8,05 8% 7 551 20,0

In order to find the time when the Moon will eclipse any of
the stars in the preceding catalogue, or any others which hie
within the zone already mentioned, we must find the time when
the Moon is in conjunction with the star, or when the longitude
of the Moon is the same as the longitude of the star. If the
conjunction thus found happen at a time of the night when the
star is visible, or within two hours of 1t, the oceultation, if other
circumstances render it one, will be visible.  In order to find
whether the Moon will pass above or below the star, or over 1t,
50 as to produce an occultation, we must compute her parallax
in latitude, which, subtracted from the Moon’s # ue latitude, it
it is north, and added to it, if it is south, will give her apparcnt
latitude, as seen from the surface of the Farth at the given place.
If the diffcrence between the Moon’s apparent latitude thus
found, and the latitude of the star, does not exceed the Moon’
semi-diameter, she will pass over the star, and produce an oc-
cultation.  When this difference cxceeds the Moon’s semi-dia-
meter, and when the latitude of the star is less than that of the
Moon, then the Moon will pass above the star if her latitude
is north, and below it if her latitude is south; but when the
star’s latitude is greater than that of the Moon, she will pass
below it when her latitude is north, and above jt when her la-
titude is south. As the calculation of the parallax of latitude
is a tedious operation, we shall subjoin the following table,
suited to the latitude of 51° 32, and computed with great la-
bour, for every sceond degree of the right ascension of the mid-
hicaven, which i» one of the arguments for taking out the Moon’s
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parallax in latitude, her horizontal parallax being the other ar-
gument,

The nght ascension of the mid-heaven is equal to the Sun’s
right ascension in degrees, added to the distance of the given
tine from the preceding noon, converted into degrecs, &c. by the
Table in vol. i, p. 108. The mcthod of finding the parallax of
Ludwide froncghe following tables will be understood by an ex-
ample. *

Let it be rcquucd to find the Moon’s parallax of latitude at
London on the 16th December 1812, at 10" 15 apparent time,
the Moon’s horizontal parallax being 60° 32”.

Distane- f1em the preceding noon, 10" 15, converted into time by

the Table m vol. i, p. 108, 153° 4 0"
Sun’s right ascension then, 264 55 30
418 40 30
Subtract 12 SLEDS, 360 o o0
Right ascension of the nud-heaven north, 58 40 30

When the sum is above 360° as in the preceding example,
subtract 360 from it, and the result will be the nght ascension
of the mid-heayen, for entering the Table, and taking out the
parallax in latitude.  If the sum is between 90 and 180, sub-
tract 1t from 180°; if it is between 180 and 270, subtract 180°
from it: and if it is between 270 and 360, subtract it from
360°.

The right ascension of the mid-heaven being 58° 40’ north,
enter Table I, and with 58° 40’ at the side, and the Moon’s
horizontal parallax, 60’ 32”, at the top, the parallax in latitude
will be found to be 30’ 28",
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Tanre I. Conlaining the Moow's Parallar in Lalitude, to every Se-
cond Degree of the Right Ascension of the Mid-heaven, for lat.

510 32,

Right Ascension . -
of the Mid- Moon®s [forizontal Parallwx f -
heaven. R
NORTII,

or less than 180 [54’ 59”7 56’ a7’ il 59 [HUg 61’ |61 247,

degrees.

° ” ’ nla ”i ”
0 39 20140 1240 506141 39
1 30 1539 5840 41|41 2142
2 39 1|39 44/40 26i41 9
4 38 34/30 1740 1j140 4]
6 38  4{38 40|39 27(40 9
8 37 36(38 17(38 58[30 39
10 37 737 48|38 20[30 95!
12 36 3037 19[38 048 40|t
14 36 11{36 51{87 31|38 11y
16 3.5 4-'1~)3()' 23137 2|37 41}
18 33 ]6,35 5586 3437 19
20 54 4935 2836 6[36 4437
Q2 34 23|35 1135 358[36 10)3
2% 33 55|3-L 33185 1035 17
20 33 3034 831 44|35 21[5!
28 33 5l38 41)31 18[54 543
30 32 39‘33 15133 51|34 27
32 32 16(32 51|33 2794 4
34 31 5232 27|33 2|5 37
36 31 2032 332 38(33 1<
38 |31 431 solse 1532 47|
40 30 43i31 1731 51{32 25
42 30 22130 55|31 20|32 2
41 30 130 55131 7/31 40
46 20 41|30 14|30 10631 19
48 20 22/29 54{30 20[30 58|
50 20 3|20 35|30 6|30 38
52 28 45|20 1629 48[30 19
54 28 28[28 59|29 30/30 1|
56 8 16/28 3929 1029 41
58 27 56128 20|28 5729 28
60 27 41128 11{28 41{29 12
62 R7 27127 57128 2728 57
64 7 1517 4428 14|28 45
66 7 327 32|28 1128 31
68 26 5127 21127 5028 1928 4929 18{290 47|29
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T i1 I,—concluded.
Right Ascension
of the Mid- Moon’s ITorizontal Parallaz.
heaven.
Nuatl', |
or lcss than 180 wl’ 097 Ol 57’ i 59’ 60’ Gl’ |61’ 247
degrees. - |
° v w|y, AW} r | n|? nl, AW nilr »
70 206 4127 10[27 3928 8|28 37129 0]29 35|29 47
72 26 3227 1127 3027 59428 2828 57120 25l29 87
Tt 206 23206 5227 21/27 .'30'28 19|28 47129 16‘29 28
76 26 1626 4527 1327 4228 11/e8 3929 829 20
78 06 9206 868127 71T 35l‘38 4]28 32120 129 12
K0 26 420 L327 127 5027 5828 20628 5529 7
Sk 25 5()'20' 21|26 59127 2]"27 49|28 1828 4-6|28 58
87 25 .’r.»‘l‘.’b' 21120 4927 1827 46|28 1428 42|28 24
89 Q5 5120 20120 46R7 16‘27 4428 138 40|28 52
90 25 51120 20020 5827 16/27 41128 1328 4028 52

Tarir IL. Contawning the Moow's Parallar in Latilude, fo every
Second Degree of the Right Ascension of the Mid-heaven.

Right Ascension
of the Mid- Moon’s IXorizontal Parallax.
heaven,
sSouUTH,
or more than 180 |54’ 59”| 56’ o7 58’ 5 60’ 61’ (61”247
degrees.
L] .I » ’ ” r ” ’ 4 ’ ” ’ o ’, ” ’ ’”
0 30 20/10 1210 56,11 3042 2243 543 4844 G|
1 |39 43/10 2741 10l a2 37|43 20la4  glas 20
2 39 57/10 1141 <542 9l42 52|43 36'44- 1944 36
4 40 20411 ]1[41 55'-&‘.’ 39113 234+ 7|41 5145 8
6 40 .‘HTH 3942 2413 9|13 544 38'-1-5 22|45 40
8 41 2542 842 5443 3944 24{45 945 5446 12
10 41 51442 37|1-3 2344 Ol4t 54{45 4046 2546 44
12 42 1943 5|4-3 5244 38)45 24/46 1046 5647 16
14 12 4743 34144 2Ut5  8l45 5446 4147 2747 4
16 43 1444 2144 5045 S7TM6 24{47 1147 5748 1
18 43 41{44 30145 1746 546 53[17 40l48 27148 48
20 44 9|44 57|15 4646 3447 22|18 1048 5849 8
22 44 30|45 25140 1447 2117 51|48 4049 28|49 4
24 45 045 50'16 3947 20148 18|49 T4 55150 15
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TapLe II—~—concluded.

Right Ascension
of the Miud- Moon’s Horizontal Parallax.
heaven.
SOUTH,
or more than 180 |54’ 59"} 56’ 57’ 58 59! 60’ | Gl’ |61 24"
degrees. y

° ’ ” ’ ” ’ ” ’ ” ’ ” ’ ” 4 ” ’ 4

26 45 27|16 1747 TAT 57148 4649 36|50 24(50 47
28 45 53|10 4347 33148 24/49 13]50 8|50 58|51 14
30 46 17147 847 5948 5049 40[50 31|51 20|51 41
32 46 4247 34{48 25149 16|50 7|58 58[51 42|52 9
34 47 647 5848 5049 41150 3351 25[52 15|52 30
36 47 30[48 22/49 14{50 650 58|51 50[52 41|53 2
38 47 53|48 4649 38|50 31|51 25|52 1553 7|53 28
40 18 1549 8|50 1)50 54)51 46/53 3953 31|53 53
42 47 36{49 3050 23|51 16|52 0|53 2|58 55|54 10
44 18 57149 5150 45|51 38[52 32|33 2554 1851 40
406 49 1850 1251 G|52 0|52 53|53 47|54 40|55 2
48 49 87150 32|51 26|52 21|53 1554 0|55 8|55 24
50 40 56|50 51[51 45|52 40|53 35|54 20|55 23|55 46
52 50 17|51 1252 7|58 2[53 57|51+ 52[55 46|56 8|
5% 50 31|51 27[52 19|58 185t 18|55 8|56 2|56 24
56 50 4751 43[52 39[58 35|54 30|55 2556 19|56 43
58 51 3|51 59/52 5553 51|54 46|55 42|56 37|57 O
60 51 17|52 1353 954 6|55 255 5856 53|57 16
62 51 3252 2853 24|54 21{55 17|56 13|57 9[57 32
64 51 4552 41[53 3754 3455 30|56 27|57 28|57 40]
66 51 57|52 5853 50|54 47|55 43[56 40/57 8758 O
68 52 833 554 25k 50|55 56/56 53|57 49|58 13
70 52 18153 1554 12|55 10(56 7|57 458 158 24
72 52 28153 2551 22|55 20156 17|57 14{58 11{58 54
74 52 35|53 33|54 30|55 28|56 25|57 23|58 20|58 43
76 52 4353 41/54 39155 36|56 34|57 8158 28|58 52
78 52 49|58 4754 45155 43(56 40|57 5858 3558 59
80 52 55|53 55154 51|55 49\56 40|57 44158 42|59 5

84 53 38|54 154 5955 5750 5557 53|58 5159 14
87 53 6|54 455 2|56 056 58|57 56,58 54(59 18
89 53 7154 G655 450 257 0|57 58,58 50659 20
1 90 53 7|55 G55 4156 2|57 0[57 5858 5659 20

Without the aid of the Moon’s parallax in latitude, we may
find, in some cases, by the following rulc, whether or not any
conjunction is attended with an occultation. If the difference
between the latitude of the Moon and that of the star exceeds
1° 87, no occultation can take place ; and if the difference be
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less than 51’, there must be an occultation to some part of the
Earth. When the difference lies between these limits, we must
have recourse to the Moon’s in latitude, to ascertain
whether or not an occultation #ill take place.

If it appears that an occultdtion will hdppen, we must then
find, from astronomical tables, or from the mautical almanack,
the longitude gnd latitude of the Moon at the time of conjunc-
tion, the longiiode and latitude of the star, the horary motion
of the Moon in longxtude at the tige of conjunction ; the ho- .
rary motion of the Moon in latitude, the horizontal parallax of
the Moon, the semi-diameter of the Moon ; and the time when
the star passes the meridian of the place. With these elements
we may project the occultation, as in the following example.

ExamprE.—Let it be required to tind whether or not the
vonjunction of the Moon with Aldebaran, in the month of De.’
cember 1812, will be attended with an occultation ; and, if it
is, to find the time of' the immersion and emersion of the star,
by projection.

By comparing the longitude of the Moon with that of the
star, it will at once appear that the-conjunction will take place
on the 16th of December, when the longitude of Aldebaran,
according to Dr. Maskelyne, is 2°7° 10" 297, and its latitude
5° 28 47" south. It will appear, also, from the calculation of
the Moon’s place, either by Mason’s Tables, or from the Nautical
Almanack, that the conjunction takes place at 10" 20’ 37" ap-
parent time, at Grecnwich, when the Moon's longitude is 2* 7°
10 207, her latitude 4° 53 13” south, her hourly motion in
longitude 37 8”, her howrly motion in latitude 507, her hori-
zontal parallax 60’ 327, and her horizontal semi-diameter 16’ 30",
In order to determine whether or not an oceultation will accora-
pany this conjunction, we must find, from the preceding tables,

the Moon’s parallax in latitude 5 thus,
L)

‘Lime past noon, viz. 10" 20’ 37%, converted into degrees of the

CQUALOT, womerereseeennsransnans sone vasosrenn ereersneensassansraenss eee 180 9 187

. Right ascension of the Sun then, ...ceecseenerssneessoeiorssannee. 264 27 18
IR

SUDY reseeeressracanaseen vt neeseeseens peseerneesses sereent » 419 36 80
Subtract 12 Signs, ...seseees vestereesrsaensesenesn e st veveeaerens 360 0 o
Kight ascension ofthc-Tt-heaven north, ......... S N 59 36 90

LADOL. 11 r
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With this argument we obtain from the Table, p. 206,
30 30", for the Moon’s parallax of latitude, which, added to the
Moon’s latitude, 4° 58’ 18", because it is south, gives 5° 2%’ 43”
for the Moon’s apparent latitude. The difference between the
latitude of the’star and the Moon’s apparent latitude being
8’ 4*, which is less' than the Moon’s apparent semi-diameter,
the star must suffer an occultation.

Before we proceed to point out the method of grojecting this
and other occultations, we must first find the inclination of the
axis of the ecliptic to the circle of latitude corresponding to the
point of the ecliptic in which the star is placed, or what 1s
enough at present, the distance of the star from the nearest sol-
stitial point; and likewise the angle of the Moon’s visible path
with the ecliptic. For this purpose, subtract the longitude of
the star from 8%, if its longitude is between 0°* and 8%, or from
9, if its longitude is between 6° and 9*; but if the longitudc of
the star is between 3* and 6, subtract 3* from 1it, and if it is
between 9° and 12*, subtract 9* from 1t, and the remainder will
be the distance of the star from the ncarest solstitial point.
Thus,

In the present case, the longitude of the star 1s 2° 7° 10’ 29,
between 0* and 3¢, s0 that we have .....coccceceiinens veronacas 3 00 o o
2 7 10 29

Distance of Aldebaran from the nearest solstitial point, reckon.
ed on the ecliptic, sieeeen eoreseontaenentestnasenrtatansenstntnnsane 022 49 31

In order to find the angle of the Moon’s visible path with
the ecliptic, say, as the Moon’s howly motion in longitude is
to her hourly motion in latitude, so is radius to the tangent of
the.angle of the Moon’s visible path with the ecliptic. Thus,

As 377 3 or 2223 3.34693956
Is to (1 I | 1.6989700
- Sois R.O0 0 ..ooevvnvnnnreicnecsacannae 10.0000000

To the tangent of the angle of the Moon’s
”ﬂl, 1o 17' 19” ciieircecasnonen YT 8.35203056

Let us now collect all the elements whu:h arc necessary for
projecting the occultation. ’
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1. Apparent time of conjunction in December 1812, cmcseecerrns 164 108 207 37#
2. Imgitudc of the Moon and of Aldebaran M, covasepenagsees  BY 1. 10 29
3. Latitude of the Moon south, decreasing or ascending to the

north, v 0 4 5313
4. Latitude of Aldebaran south, 0 5 20 47
6. Difference of latitude, «ve..seescsesricensss . O 0 35 34
6. Distance of Aldebaran from the nearest solstitial point, ..... 0 93 49 31
7. ourly motion of the Moon in' longitude, «.eeesseesessss fee 0 0 37 3
8. Hourly motion of thec Moon in latitude, .uv.ecreerse oo e 8 0 0 50
9. Moon’s horizontal parallax, we 0 1 0 32
10. Moon’s horizontal semi-diameter, .o.eeccoossnssseasass eseeas . 0 0 16 30
11. Right sscension of the Sun in time, seeeseecesrsenns wseessssens 0 172 37 48
12. Raght ascension of Aldebaran in time, ......coeessenessenes we 0 4 2512
13. Time of Aldebaran’s southing, or the difference between the
Sun's right ascension and that of the star, ...... ecssenes veee 1 0 10 47 23
14. Dedlination of Aldebaran north, 0 16> 7 23
15. Angle of the Moon’s visible path with the ecliptic, .c.eccoee0.s 0 1 17 19

Method of projecting Occultations of the Fixed Stars and Pla-
nets by the Moon. * .

From a scale of equal parts C B of any conve- PlateIV.
nicnt length, take, with the compasses, 60’ 32", the Sup-¥ig.9-
Moon’s horizontal parallax, or the semi-diameter of the Earth’s
disc, and having described the semicircle A H B, which will
represent the northern half of the Earth’s disc, draw C H at
right angles to A B, for the axis of the cclipticc. Make C A
the radius of the line of chords on the sector, and having taken
from it the chord of 23° 80’ set it from H to m and =, and
draw the line mn, cutting CHinT. With Tmor T n as
the radius of the line of sines in the sector, take the sine of
20° 49’ 317, the distance of Aldebaran from the neavest solstitial
point, and set it from 'T' to P on the right hand of C H, the
axis of the ecliptic, when the longitude of the star is 9% 104
114 or 1%, 2*; but on the left hand of C H wlien the longitude
of the star is 8%, 45, 55, 6%, T, or 8. '

From the line of chords on the sector, with the radius C A,
take 98° 31’ the co-latitude of Greenwich, and set it from o,
where C P mects the circle, to Z and Y, and draw the dotted
line Z LY. With C A as radius, take the dcclination of Al-
debaran, 16° 7' 23", from the line of chords, and set it both
ways fgom Z and Y to D and F, and to E and G, and draw
the détteddues D F and F G.  Bisect the line X X in K, and
Jraw the dark line IV, K, IV perpendicular to C K. Take
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the distance o0 Z, orv Y, which is the chord of 38° 31’ the co-
latitude of Greenwich, and set it from K to IV and IV.

With K IV as the radius of the line of sines, set off K a,
K a, equal to the sine of 15°; K &, K ¥, equal to the sine of
80°; X ¢, K ¢, equal to the sine of 45°; K d, K d, equal to the
sine of 60°; and K ¢, K ¢, equal to the sine of 75°; and through
these points draw occult dotted lines parallel to X K X. Then,
with K X as the radius of the line of sines, take the sine of '75°,
and set it from 4 to IX, and from a' to XI, on both sides;
set the sine of 60° from b to VIII, and from ¥ to XII, on both
sides; set the sine of 45° from ¢ to VII, and from ¢ to I, on
both sides ; set the sine of 30° fiom d to VI, and from d’ to 11,
on both sides ; and, finally, set the sine of 15 degrees from ¢ to V,
and from ¢ to ITI. Then, through the points IV, V, VI, VII,
VIIIL, IX, X, XI, XII, I, IL, III, IV, V, &c. draw the el-
lipsis IV, X, IV, X, which will represent the path of Green-
wich on the Earths disc. The half-hours mlght have been
drawn upon the elliptical path, by taking the sines for every

#° and the quarters, by takmg the sines for cvery 87°. At
the points where the elliptical path cuts the ine (' o, put 100
47, the time of the star’s southing, and contmue the hours all
the way round the circumference of the cllipse, as 1 the figure,
the time of the star’s, southing being always placed at the ex-
tremity of the conjugate axis of the elipcc. The lower side of
the ellipse represents the path of Greenwich when the star 1o
above the horizon, if its declination 1s north; but the upper
part of the ellipse will represent the path of Gicenwich when
the star is above the horizon, if its declination is south.

With C B as the radius of the line of chords, take 1°17 19",
the angle of the Moon’s visible path with the ecliptic, and set
it from H to M, on the right hand of H, since the Moon’ la-
titude is decreasing, or since <he is ascending north towards the
eclipticc.  When her latitude 15 descending, the point M will
Jie on the left hand of H.

‘Take the difference between the latitude of the Moon and
Aldebaran, viz. 0° 85’ 34", and set from C to x upon the line
C M, and through the point z draw the line R S perpendicular
to C M for the path of the Moon.

Take the Moon’s hourly motion in longitide, 37 &, from
the scale C B, and making it the length of a sepatu:~ scale, di-
vide it into 60 equal parts for minutes. Take 47 28", the tiw. >
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of the donjunction after 10 o'olock, and from this scale, set it
from x towards the left hand on the line of the Moon’s path,
the other point will mark out the hour of X. Take the whale
length of the separate scale in the compasses, and set it from
X to XI, from XI to XII, and from X to ¥X, and divide
each of these spaces into single minutes, or into every five and
ten minutes.

Apply one side of a square to thc Moon's path R S, #nd
move it backwards and forwards till the other side cuts the
same hour and minute in the path of the Moon, and in the
path of Greenwich, as at r and 5. The instant thusefound,
which, in the present case, i» 10" 32, will be the moment of
visible conjunction, or the middle of the occultation.

Take the Moon’s secmi-diameter, 16’ 30”, from the scale CB
in your compasses, and setting one foot on the Moon's path,
on the right hand of C M, and the other on the path of Green-
wich, move them bachwards and forwards, keeping each foot
upon its proper path, till both the feet fall upon the same hour
and munute in each path as at w. This particular time, which,
in the present case, 1> 9" 5J, will be the begmnning of the oc-
cultation, or the mstant when the star immerges behind the
eastern limb of the Moon Do the very same on the other side
of CM, and you will obtain the end of the occultationy or the
time when the star cmerges from behind the western limb of
the Moon, which, m the present case, is 11" 11'. With the
Moon’s semi-diameter as vadius, and upon the points ¢, 7, w, as
centres, viz the beginning, middle, and end of the occultation,
describe three circles, which will represent the position of the
Moon at the beginming, middle, and end of the occultation,
while the points w, s, and v, will represent the position of the
star at these instants respectively, 78 being the nearest ap-
proach of the centres of the Moon and star, or 1’ 30". From
the projection we therefore obtam the following results :—

Beginning of the occultationy..ceeceesarssrerasees 9t 53 0
Middle of the occultation,......evsseseesessesnses 10 32 0
End of the occultationyuee.eeeesvenssisesersecesaes 1111 o
Duration of the 0cculaon,.ecer s seseesseesens . 118 0
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The method of projection which we have now explui'ned will
answer for occultations of the planets, as well as the fixed stars,
with this difference only, that in the former case, instead of
the hourly motion of the Moon in longitude and latitude, we
must take the hourly motion of the Moon and planct, if they
are moving in the same dircction, or their difference, if they
arg moving in opposite directions, for the relative hourly mo-
tion in longitude and latitude. With this relative hourly mo-
tion we must find the inclination of the relative orbit, in the
same manner as we found the angle of the Moon’s visible path
with tHe ccliptic.

The method of computing the various phenomena of occulta-
tions, without the aid of projection, will be seen in Ta Landc¢™
Astronomy, tom. ii, and m Hutton’s Miscellanca Mathcmatica.
See also Vince’s Astronomy, vol. i, and Dr. 0. Gregory’s As-
tronomy, p. 368.

A very neat method of computing visible occultations will
be found in the Journal of Science, vol. x, p. 161 ; and in the
same work, p. 152, will be found a table containing the names
of the stars that will suffer an occultation when the Moon™
node has different positions. *

CHAP. VIIL

‘ ON TRANSITS.

As Mr. Ferguson has already given a full account of the doc-
trine of transits, and of the method of projecting them, in Chap-
ter XXIII of this volume, we have nothmg of importance to
add upon that subject. It may not be uninteresting, however,
to many of our readers, to be put in possession of the elements
of all the transits of Mercury which have happened during the
lnst century,'and which are still to happen during the present;

“and likewise the elements of all the transits of Venus, from 1631
to 2084.
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Tanre I. Containing the Transits of Mercury over $he Sun's
Disc for three Centuries, calculated from La LawpE’s

Tables.
sunction . Middle |Semidura- {Nearest Ap.
Years. ?1?;"““ ernl::i:.n }‘: und::g Apparent |tion of the ol‘Centrn&
Mercury. Time. |Transit. [the Planets.
h ¢+ mn |s ot ]l b ¢ 0 )h o+ ouw |t
1605 | Nov. 1, 73652|7 92834| 8144812014 {14 58.
1616 | May 2,21 3939112253522 348|327 54| 737 N.
1618 | Nov. 4, 12954712 5 6] 156449|23325| 5 428.
1628 |[May 5, 54721 |1153047| 52345|3 934 9418.
1631 | Nov. 6,19 26 59 | 7 14 41 35 {19 34 40 [ 2 41 20| 2 40 N.
1644 | Nov. 8,13 34971717 36|13 431|158 27|10 48 N,
1651 |Nov. 2,1422 9|7 10363013 157(14525|12208.
1661 |May 3, 43017|1133327| 45324348 0| 426N.
1664 |Nov. 4, 61727|713 751 63938|23844| 4 2N.
1671 [May 6,1241 411638 5[12 825]21512|18 48.
1677 [Nov. 7, 0 84G|71516567| 02727|2362 | 416N,
1690 | Nov. 9, 17 56 39 {7 1820 46|17 56 50 | 1 48 5| 12 12 N.
1697 [ Nov. 2,17 3239|711 3350 |18 158|158 13|10378.
1707 |May 5,11 1853|114 40 0[11 2516357 8| 058N,
1710 {Nov. 6,11 10 8|7141050|112039|24218| 2208.
1723 {Nov. 9, 5 630|7164720| 51110/22920]| 6 0 N.
1736 | Nov. 10, 22 50 2|7 1923 38|22 4550|121 14 | 13 88 N.
1740 [May 2,10 27 16| 112434912 440]130 0]14 44N,
1743 | Nov. 4,922 1647 (7123732|224610(21555) 9 58,
1753 [May 5, 162029 (11548 01817 40353 22| 2288,
1756 {Nov. 6, 16 8 7{7151341]|162659(24237( 1 2N,
1769 |Nov. 9, 957 46|7175049 |10 144|22346| 729N,
1776 | Nov. 2, 9 046|711 3 36| 9 4033|036 4215438,
1702 [ Nov. 12, 33922 |7 202641 | 33150[03722(1543N.
1786 [May 3,17 226 |1 13490451635 02441011 21 N,
1769 |Nov. 5, 3 029|71340 48| 32740226 9] 7228,
1799 |May 7, 1 420| 1165111 | 1583 '1|34222] 5318
1802 [ Nov. 8,2047 41 |7161627 (21 210(24310| 1 ON.
1815 | Nov. 11, 14 33 58 | 7 16 5242 | 143658 (213582 | 914 N.
1822 |Nov. 4, 135313 | 712 653[1430 141213714 08,
1832 |May 4,23 5122|114566456] 018 1328 2| 816N,
1835 [Nov. 7, 74754|71443 8| 8122223353 5378
1845 [May 8, 75118118 1 49| 73256132233 80588,
1848 |Nov. 9, 137 13[7171919] 149 43| 24133| 236N.
1861 | Nov. 11, 1920 13 | 71954 44| 1920142 023 | 10 52N.
1668 | Nov. 4, 18 43 45 [ 713 942[19 1821 (14521 |12 208,
1878 |May 6, G 3830|116 350| 6561435331 439 N.
1861 | Nov. 7,12 39 38 | 7 15 46 57 | 12 5933|230 6| 3 578.
1891 [May 9,14 4457|119 9 1] 1413 46| 2 342012 21 S.
1894 |Nov. 10, 617 5|7 1822 9| 636 29237 36| 4 20N.

* % The aberration of the Sun and Mercury, and the small
equations of the Sun’s place, neglected in the preceding Table,
give 6 3% 10 be added to the caleulated time of the conjunc.

T
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Tasre II. Containing the T'ransits of Venus over the Sun’s
Disc for two thousand Years, calcuated from La Lanor’s
Tables.

' Geocentric - . .
Conjunction. Mean | Langitude of | Middle | Semiduia- Nesrert Ap,

Years.| 0. . Apparent |tion of the
Tine at Greeawich. ?}:ng;m and | “rpme. | Transit. flu Planets.

OLD STYLE.'

h » n s 1 n h ¢+ 7 [h v » ' n
902 | Nov.25, 21 7 36(8 9 2 55|20 33 44 18 14 N.
910 | Nov.22, 9 9188 63347] 93339|33926| 6158.
1032 | May 24, 6 35 20 83745] 633 0351290 3168.
1040 | May 21, 23 6 31 629 9|23 47 48 6 16 N.
1145 | Nov. 25, 19 50 46 11 13011917 30 17 7N.
1163 [ Nov. 23, 7 52 13 83221 | 819 213838156 7225
1275 | May 25, 10 12 3 1057 7|10 4 8[342562| 5188
1283 May 28, 2 41 3 8 48 30 319506(1 41 58| 14 14 N.
1888 | Nov. 25, 18 33 28 13 0 3|18 4 9|041562]16 2N.

1396 | Nov. 23, G 39 2 103112 7 8 232310 & 248
1518 | May 25, 13 46 30 1316 22 (133310932928 721N
1526 | May 23, 6 16 41 11 7385 647 45| 228 67|12 16 N.

NEW STYLL.
1631 | Dec. 6, 17 18 29
1639 [Dec. 4, G 0 20
1761 | June b, 17 35 14
1769 |June 3, 9 58 34
1874 {Dec. 8, 16 8 24
1882 [ Dec. G, 4 16 24
2004 | June 7, 20 51 24
2012 | June 5, 13 17 40
2117 | Dec. 10, 14 57 17
2125 {Dec. 8, 3 9 20
2247 | June 11, 0 21 3
2255 | June 8, 16 44,36
2360 | Dec. 12, 13 49 49
2368 | Dec. 10, 2 0 42
2490 | June 12, 3 49 15
2498 | June 9, 20 12 42
2603 | Dec. 15, 12 44 56
2611 | Dec. 13, 1 1 52
2788 | June 15, 7 14 36
2741 | June 12, 23 34 39
2846 | Dce. 16, 11 43 55
2854 [Dec. 14, 0 4 9
2084 |{June 14, 2 533 2

14 58 50 | 1o 5223|135 5| 14 56N.
123215 63020 (317 0] 9 0N
163631 1172050 (3 8 0 930N

1327 811027 3|23953]|1010N.
16 57 49 115 13 25 |2 41 [ 1351 N,
1429 14| 449 42 (3 1 43| 10 20N,

17 64 23120 26 59 (2 11 b0 |11 19S

15 45 22 | 13 37 26 |3 20 40| 8 20 N.
185652 | 1434 1{2225 |13 oN.
162833 | 3443124820 |11 288,
20 13 16 | 28 51 14| 2 702113 17D,
18 4 1165910336 2| 623N,
20 56 9| 1% 2932|242 4711 49 N.
1827 18| 238 622022112378
223158 313091 214|156 118
20 22 37 | 20 20 50 | 3 46 24| 4 29 N\.
22 55 36 | 12 25 55 | 2 56 47 | 10 30 N.
2027 38| 14031 (2152013205

24 50 30 | 5 33 28 17 9N.
22 40 56 | 23 47 39 | 3 53 20 2 35 N.
24 5522 |11 26263 721 95 N.
2227 45| 0 4121|1564 101 14 12N
2459 1| 251 53]856 9| 045N,

OOV NIXTNDNPER WD TTNODDIDIo S NNNOSNIROINN

*.* The transits of 902, 1040, 1045, 2490, 2733, are
doubtful. The aberration of Venus, and the small cquations
of the Stn’s place, neglected in the preceding Table, give 2’ 20”
to be added to the calculated time of the canjinction.
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CHAP. IX.

ON THF ABTRRATION OF THI IIFAVENLY BODIES, THE PRE-
CESSION OF THL EQUINOXLS, TIE NUTATION OF THE EARTH’S
AXTS, AND THE VARI\TION IN THE OBLIQUITY OF THE
ECLIPTK.

I can scarcely be expected, in a work like this, that we should
enter at any length into the subjects of this chapter. The greater
part of them are among the most diflicult branches of physical
astronomy ; and we have heen induced to notice them at pre-
sent, chiefly in order to ~upply a defect in the original work.
We shall endeavour to explain to our readers the physical cause
of these interesting phenomena ; though, without the aid of ma-
thematical reasoning, any explanation, however simple, must be
unperfert and unsatisfactory.

On the Aberration of the Stars.

While Dr. Bradley was engaged in a series of ob- Aberration of
servations to determine the parallax of the Farth's the stars.
annual orbit, or the angle which the Farth’s orbit subtends at
any fixed star, he discovered a change in the places of ome of
the stars, which he called their Aberration, and which he afier-
wards found to arise from the motion of light, combined with
the annual motion of the Earth in its orbit.

Inorder to understand how thee motions combined  pae v.
shonld produce a change in the places of the stars, Sup- Fig. L.
let a, b, ¢, d, e, represent the path of a particle of light emitted by
the star §, and pe1 pendicular to the plane of the Earth’s orbit A B
C D, and let us suppose the telescope 1 m to be carried along with
the Karth, in its annual orbit A B C D. That an observer,
looking through the telescope, may see the star S, he must not
direct the telescope to the place S, where the stur really is, but he
must incline it to the direction of the light which comes from
the star, and must poidt it towards s, so that the star will ap-
pear at - “mstead of at S, having 8 s for its aberration, or the
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difference between its truc and apparent place. In order to
prove this, let us supposc that the velocity of the Earth in its
orbit A B CD, is the same as the velocity of light ; that the te.
lescope is in the position 1 m when the particle of light is at a,
and that, while the particle moves from & to 4, from b to ¢, from
¢ to d, and from d to ¢, the telescope moves through the equal
spaces, 1, 2; 2, 8; 3, 4; 4, 5, respectively. The moment the
telescope has reached the position 2 o, the particle will have
arrived at b, and, by means of it, the star will be visible through
the telescope. When the telescope has advanced to the position
8 o, the particle of light will have arrived at ¢, and, by means
of it, the star will still be visible through the telescope. In the
same manner, when the telescope has successively reached the
Ppositions 4 p, 5 ¢, the particle will have arrived at d and ¢, suc-
cessively, so that the particle of light has ically moved along
the axis of the telescope, without touching its sides; and, con-
sequently, the star S, from which the particle of Light was cmit-
ted, must have been visible in the direction of the tubes axis,
and must have appearcd in the heavens somewhere about s, As
the velocity of light is supposed to be equal to the Earth’s an-
nual motion, the inclination of the telescope to the path of the
particle a, &, ¢, d, ¢ must be 45°, and the aberration of the star
45°; but since the real velocity of light is nearly 10,313 times
greater than that of the Farth in its orbit, the inclination of the
telescope will require to be only 207, to allow the particle of
light to pass freely ulong its axis, and consequently S s, the
aberration of the star, will be only 20”.

It is manifest, from the explanation now given, that the aber-
ration is always in the direction in which the telescope or the
Earth is moving. Thus, in the progress of the Earth along the
side of its orbit A B, the aberration will e in the direction 8 & ;
when the Earth is moving from B to C, at right angles, to its
former direction, the aberration will be 8 #; when the Larth is
movmg from C to D, the aberration will be 8 v, and when it is
moving along D A, the aberration will be § w. Now Ss, NS¢,
S v, S w, arc each 20", and consequently the star will deseribe
a small circle in the heavens, s ¢ v w, 40” in diameter.  Since &
is the apparent place of the star, when the Earth is between A
and B ; ¢ its apparent place, when the l:.nrth 1s between 19 and
A ; v its apparent place, when the Earth 35 at'N'; and w its
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apparcat place, when the Earth is at ¥ : it follows that the star
S will always appear 90° farther advanced in its small circle & ¢
v w, than the Earth will be in its own orbit.
itherto we have supposed that the star Sisin  pge v.

the pole of the ecliptic A B C D, and consequently Sup. Fig. 1.
that the path a & ¢ d ¢ of the particles of light emitted by the
star 1s at right angles to the motion of the Earth in it orbit; in
which case the aberration will be greatest, and will always be
20". If the star is situated at P in the plane of the Karth’s
orbit, or in the plane of the cchptic, and if the Farth is at E,
moving in the direction K G, at right angles, nearly 1o E P,
the aberration will be 207, as formerly, and the star will appear
in the heavens at «.  During the progress of the Farth from G
to N, the directm of 1ts motion is gradually becoming more
oblique to tl i hght emitted by the star, and conse-
quently the aboir ion will gradually diminish, and the star
will appear nearer and nearer 1ts true place, till the Earth ar.
rives near N. when the aberration will vanish, as the Earth and
the light of the star are both moving in the same direction.
While the Earth s moving from N to F, the aberration will
gradually increase in the opposite direction P 7 ; and when the

Sarth arrives at I, it will again be 20”7, and the star will ap-
pear at 7, the direction of the light of the star being now at
right angles to the path of the Earth. During the progress of
the Earth from F to M, the aberration will again diminish, and
vanish at M ; and during its motion from M to C, it will again
increase, and reach 1ts maximum at E. Trom this we may con-
clude, that the aberration of a star situated in the plane of the
ccliptic is the greatest possible when it is in opposition and con-
junction with the Sun, and that it vapishes when the star is in
the quadratures. Between the quadratures and the conjunc-
tions and oppositions, the aberration varies as the sine of the
star’s distance from the quadratures.  'When the star is placed
in the pole of the ecliptic, or in the plane of the ccliptic, the
aberration, being always in the direction of the Eartl’s motion,
will consequently be in the ditection of the ecliptic, and will
thercfore affect only the longitude of the star, and its right as-
cension and declination.  If the star, however, is above or be-
low the ecliptic, and ngt in its pole, its latitude will also be af-
fected ; bat, in all Cases,sthe aberration will be greatest when
tLe S%ar és in opposition and conjunction, and least when it is in
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quadrature, with the Sun. The aberration, however, will not
vanish in the quadratures, as the Earth and the light of the star
can never move in exactly the same, or in exactly the opPosite,
direction, unless when it is situated in the ecliptic.
Abemtionof L he true places of the plancts are likewise changed
the phanets. by the combincd motion of the arth and the light
Sszl-“;i;-’ ‘g, Which they emit. Let Jupiter be supposed immove-
able at O, and let B A be the space described by
the Earth in the time that the light of Jupiter moves from
O to A, or rather the relative motion of the Earth and Ju-
piter in that time ; then it is obvious that when the Earth has
reached &, the light of Jupiter will have arrived atd ; and when-
the Earth has arrived at A, the light will be at A, so that B O
or b d will be the direction m which the planet is scen, or the
direction in which a telescope carried along with the Earth must
be placed, in, ordcr that the hght of Jupiter may alvays move
along its axis. When the Eath 15 at b, Jupiter will conse-
quently appear at o, instead of O, <o that its aberration O o 1
equal to the space B b, described by the Earth n the time that
the light moves from O to d. * When the Earth arrives at A,
Jupiter will appear at o', and his aberration O o’ will be cqual
to the space B .\, described by the Earth n the time that his
light moves from O to A. Since light employs 8 7” to come
from the Sun to the Earth, and since the Iarth moves through
90" in that time, the aberration of the Sun will be 20”. In the
same way, we shall have, for the greatest aberration of the other

planets,

Sunyeee e cnieae. . 207 Ceresyennnenes ereneetersniis 327
Mercury.o..eesaeaseessense wwese 59} JUPHEyeriareiiitiiie e, 29
VenUsyeeeessesersncsnnanenseane 43}  Satum,eeceeeeecicnno 26
Marsycessseseisess sorssoresiens 36 Georgium Sidus,.. seeresvee 25

These numbers will vary with the efongation of the planets
from the Sun, and with a variation of their position in their own
orbits!. '

41 A full sccount of the history of this discovery will be found in the Ednburgh
Encyclopedin, Art. Aberration. \
\
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On the Precession of the Equinoxes.

We have already scen (vol. I, §247), that the p_..
two opposite points, where the ecliptic and equator of the Equis
interscct each other, are called the Equinoctial Points, "****
and the line which joins them the Line of the Equinoxes. These
points are not stationary in the heavens, but retreat along the
ccliptic, contrary to the order of the signs, at the rate ol 50”.3
1n a year, so that they perform a whole revolntion in the hea-
vens in about 26,000 years. Since the longitudes of the stars,
therefore, are reckoned from the vernal equinoctial point, and
since this point recedes on the echiptie, the longitudes of the
stars must increase 50”.3 every year.  The cause of this singu-
lar phenomenon we shall now endeavour to esplain.

Let N S be the Earth, N 1its north, and S its  piaee V.
south pole, A& /A the cquator, inclined to the plane Sup- Fig- 3.
of the Moon’s orbit A B, and @ b d, « 8 3 the meniscus of redun-
dant matter at the equator, by wlich the globe of the Earth
exceeds an accurate sphere.  Let the Moon now move round
the Earth supposed at rest, and it will act upon the redundant
matter ¢ b d, « 8 3, in the direction of lines drawn to the Moon,
from cach particle of the redundaut matter. Thus, if the Moon
i~ at M, its action on the particle at /E will bein the direction of
/& M ; and this force may be resolved into two, one in the di-
rection /B N, parallel to the Moon’s orbit, and the other in the
“direction 4% P, perpendicular to the plane of the Moon's orbit.
In the same way, it may he shewn, that in whatever part of her
orbit the Moon 1s, the force with which she attracts each parti-
cle of redundant matter, whether in the inferior meniscus « 8 3
or in the superor meniscus ¢ 4 d, may be decomposed into two
forces, one of which draws the particle in a direction parallel to
the planc of the Moon's orbit, while the other draws the particle
down to the plane of the Moon’s orbit. The forces which act

_parallel to the planc have obviously no tendency to alter the dis-
tance of the particles from the planc; but those which act per-
pendicularly have a dircet, tendency to diaw the particles down
to the plane, and thllj:s/tzliminish the angle & C M, or the in-
clmation of the Earth’s equator to the planc of the Moon's or-
bit, th€ mtersection C suffering no change of position.
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Plate V. Let us now suppose the Earth to be put in motion
Swp. Fig- 4. round its axis, then all the particles of the redundant
matter will receive a motion parallel to the equator /E /E. Lct
the particle A, moving in the direction & .C, be drawn to-
wards the planc of the Moon’s orbit, by a force which would
make it describe the space & P in the same time that the par-
ticle itself, by the diurnal motion of the Earth, would describe
the space /& T. Draw T ¢ parallel to A P and P ¢ parallel
to & T, then & ¢ will be the direction in which the particle
will move, when acted upon by the two separate forces /E 1
/E T. Hence it will cut the ecliptic in the point ¢ at a greater
angle than it did before, and proceed in the direction A ¢ T
The equinoctial point, therefore, which was formerly at €', will
have moved backwards to ¢, and the inclination of the equator
will be increased, while the particle is moving towards the equi-
noctial point ¢. When the particle has passed the point ¢, it is
still drawn to the plane of the Moon’s orbit. Let us suppose it
at /&', and that the force drawing it to the plane of the Moon™
orbit would make it describe the space /A’ P’, in the same time
that it is carried from &’ to T” by thce Earth’s motion ; then, in
virtue of these two forces, it will move in the direction &’ ¢,
as if it had come from ¢’. The equinoctial point ¢, therefore,
has moved still farther along the ecliptic, in the same retrograde
direction, the recession having been C ¢ while the particle was
moving from A to ¢, and ¢ ¢’ while it was moving from ¢ to ¢/.
We have already scen, that the inclination of thé path of the
particle, in its passage from & to ¢, was inercased ‘from the
angle & C B to the angle & ¢ B ; but, in its passage from ¢
to ¢, its inclination has diminished from the angle A’ ¢ A to
the angle ¢’ ¢’ A ; so that, upon the whole, the Moon’s inclina-
tion has not suffered any change, having been increased in the
one case, and diminished in the other. The action of the Moon
upon every other particle of redundant matter will produce si-
milar changes ; and hence it follows, that the action of the
Moon upon the equatorial parts of the Earth produces a reces.
sion or precession in the equinoctial points.  The space C ¢ is
the precession during one revolution of the Moon, which does
not exceed 3”. The whole effect preduced by the Moon dur-
ing a year is 85”.2. The Sun wil cvidently act upon the
‘equatorial parts of the Earth in a similar manncr, and will pro-
duce a similar effect; but, on account of the great distance of
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.this luminary, the precession occasioned by its action is only
15".1, the whole precession arising from the combined action of
the Sun and Moon being 50".2 every year.

L]

On the Nutation of the Earth’s Axis.

In observing the dcclinatio.n of v Draconis, and On the nuta.
other stars, Dr. Biadley perceived a change in their twn of the
dechnation, for which he long attempted to discover Larth’s axis.
a cause. He found, however, that such changes were different
in diffcrent years, and that they seemed to depend on the posi-
tion of the Moon’s nodes.

JIf the angle &£ C M, which the Larth’s axis piy, v,
makes with the plane of the Moon’s orbit, had been Sup- ¥ig. 3.
always the same, as it would have been if the Moon’s nodes had
been stationary, then the precession of the equinoxes would
have been uniform, and the Earth’s axis would always have
pointed to the same part of the heavens. But since the Earth’s
cquator is inclined 23° 30’ to the ecliptic, and since the Moon’s
orbit is also inclined about 5° 80’ to the ecliptic, the Moon’s
orbit must, in certain positions of her nodes, be inclined about
29° to the Earth’s equator, and in other positions 18°; and
during 18 years, the time in which her nodes perform a com-
plete revolution, the plane of her orbit will have every possible
inclination to the Earth’s equator between the limits of 18° and
20°. Now, it is manifest, from Fig. 3, that the force & P, by
which the particles of redundant matter are attracted to the
Pplane of the Moon’s orbit, must increase or diminish with .the
angle £ C M, the angle which the equator forms with the
Moon’s orbit. If this angle remained constant, the precession
would remain eonstant, and the obliquity of the ecliptic would
also be invariable ; but since the angle /E C M varics, in the
course of 18 ycars, from 18° to 29°, and from 29° to 18°, the
perpendicular force A& P is always increasing and diminishing ;
and hence there is not only an irregularity in the precession of

_the cquinoxes, but also a nutation of the Earth’ axis, or a
change in the obliquity of the echiptic. The force /E P, there-
fore, increasing for nine ypars, will produce a change of inclina-
tion, or a change in the angle & C M, which is not counter-
acted by another change of an equal and opposite kind ; and as
it will imimsh during the net nine years, the inclination will
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also increasc till it reaches its former magnitude. "T'his varia-
tion will amount to 18” at the end of 18 years, the Earth’s axis
having described a small circle in the heavens, about 9” in dia-
meter. By this nutation of the Earth’s axis, the cequator will
change its place in the heavens; and, consequently, the decli-
nation of the fixed stars will increase and diminish during cvery
revolution of the Moon’s nodes.

On the Diminution of the Obliquity of the Ecliptic.

The obliquity of the ecliptic to the equator was
Diminution
of the Obli- long considered as a constant quantity ; and even <o
quity tOf the Jate as the end of the 17th century, the difference
between the obliquity, as determined by ancient and
modern astronomers, was gencrally attributed to inaccuracy of
observation, and to a want of knowledge of the parallaxes and
refraction of the heavenly bodies. It appears, however, from
the most accurate modern observation-, made at great intervals,
that the oblignity of the ecliptic is diminishing ; and the theory
of universal gravitation fortunately supplies us with a atisfac-
tory explanation of the phenomenon.

While the Larth is revolving in the plane of the ecliptic, itis
acted upon by all the plancts of the solar system. The action
of any of the planets, when they are situated in the planc of the
ecliptic, has a tendency only to alter the Earth’s gravity to the
Sun, or o accelerate and retard its motion ; but as all the pla-
nets move in orbits inclined to the ecliptic, their action upon the
Earth tends to bring the Earth towards the plane of their or-
bits, in the manner which we have already explained, when
treating of the precession of the equinoxes. The cffeet of this
action, therefore, is to displace the ecliptic, or diminish the in-
clination of the Earth’s orbit to the plane of the orbit of the
planct ; but while the Earth’s orbit is thus changing its posi-
tion, the cquator of the Larth is sustaining no change, and
consequently there will be a variation in the obliquity of the
ecliptic to the equator. Along with this variation, there wiil also
be a small precession in the equinoctial points.  These changes,
however, are very small, and scarcely become apparent ill after
the lapse of ages. According to La Gange, the diminution in
the obliquity of the ecliptic and the preeession of the Cquinones
produced by the different plancts in a century are, e
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Y

Var. 1n Obhquity. Preccssions
MeErCULY e ensinnels conirrsreniesssnnssensseneens 0784 4+ 07,85
VenUS,eeeeberaecs cvereeeonensnsonssseonnsasonsranes + 8.87
Mars,.. .... 1.03 + 0.9
JUPIELeeeeeniiesisentrerannanes . 1686 — 2.1
SatUNyus cevnererensesssnecssssnnnnenieeereeereneee 2 .39 == 0 .53

Total effect,............... cereeee cesessirnne vesarese 507,00 4 8703

By comparing about 160 obscrvations of the obliquity of the
ecliptic, made by ancient and modern observers, with the obli-
quity of 23° 28 16", as observed by T8bias Mayer, in 1756,
we have found, from a view of all the results, that the diminu-
tion of the obliquity of the ecliptic, during a century, is 517; a
result which accords wonderfully with the best observations.

Description of a Machine for cahibiting the Precession of the
Equinoxes.

A very ingeniods machme, which is represented in Plate
VIII, Sup. Fig. 1, was contrived several years ago by M.
Bohnenberger of Tubingen, for exhibiting cxperimentally the
phenomenon of the precession of the equinoaes. Upon the
pedestal H there is firmly fixed, by means of screws, a vertical
ring of brass AB A second rmg C D is connected with A B,
by mcans of the pivots ¢ b, so that it may move with as little fric-
tion as possible round the vertical axis ad. To theringC D a
third ring E F is joined by means of two pivots ¢ d (d being in-
visible to the eye), in order that the ring E I may revolve with
facility round a horizontal axis, passing through ¢ d, and at right
angles to that which passes through a d. A spheroid K represent.-
ing the Earth, and having m n for its equator, and ¢ f for its
axis, is made to revolve upon an axis ¢ fat right angles to ¢ d.
The spheroid K must be constructed with great care, in such
a manncr that its matter is umformly distributed, both mn
relation to its axis and to the equator, and with this view there
is a ring of lead of uniform density and shape placed within it,
and coincident with the equator ma.  This umformity in its
dcnaity is a point of greu/ Importance, as the existence of a hol-
low space in the lead r.oduces an irregularity in the motion of
the sphbetoid.  When the machine is thus construgted, it is ob-

«VOL, II. Q
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vious thas the axis ¢fof the globe K may be made to take
every possible poutxon with regard to a horizontal plane.

Upon the axis ¢ fthere is placed a cylinder,’ part of which is
scen to the left hand of £ and by coiling a silk thread round
this cylmder, and holding the rings C D, E F, steadily with
the left hand, the globe K may be thrown into a state of quick
rotation, by pulling the thread smartly with the right hand.
When this is done, the axis ¢ £'will maintain an invariable po-
sition, cven if we lift the machine off' the table, and carry it
about the room; and if we apply any gentle force to the ring
E F, with the view &f changing its inclination, we shall find
that it has a strong tendency to resist any change of position.

The machine in this condition may represent the Earth re-
volving round its axis, and uninfluenced by any external action.
But if we now attach to the ring E F a weight G, by fis ing it
at thic points g, %, and then put the globe K into a state of ra-
pid motion, we imitate the action of the Sw: and Meon upon the
equatorial parts of the Earth, which have a constant tendency
to disturb its regular rotation. The consequence of the ap-
plication of this weight will be to produce a slow conical mo-
tion of the axis ¢ fround the vertical axis @ b; and the node or
the point of interscction of the equator m n, and a horizontal
plane, representing the ecliptic, will move uniformly in a di-
rection contrary to that iu which the globe K revolves. A full
account of this machine, by Bohnenberger himself, will be found
in Tubingen Blatter, 1817, iii Bandes, p. 72, and in a ma-
thematical investigation of its theory, by Poisson in the Jowr-
nal de T Ecole Polytechnigue, ton. ix, cap. 16, p. 247

CHAP. X
ON (OMLTS.

Coners are a class of cclestial bodics, which appearoccasionally
in the heavens. They exhibit no visible or defined dise, but
shine with a pale and cloudy light, accompanied with a tail or
ttain turncd from the Sun. They .ye found in every part of
the heavens, and move in all possible' dircctions.

When examined through a good telescope, a comet resemblas
a mass of aqueous vapours encircling an opaque nucleus of dif-,
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ferent degrees of darkness in different comets, though some-
times, as in the case of several discovered by Dr. Herschel, no
nucleus can be scen.  As the comet advances towards the Sun,
its faint and nebulous light becomes more brilliant, and its lu-
minous train gradually increases in' length. When it reaches
its perihelion, the intensity of its light, and the length of its
tail, reach their maximum, and sometimes it shines with all the
lustre of Venus. During its retreat from the perihelion, it
is shorn of its splendour, it gradually resumes its nebulous ap«
pearance, and its tail decrcases in magnitude till it reaches such
a distance from the Earth, that the attenuated light of the Sun,
which it reflects, ceases to make an impression on the organ of
sight.  T'raversing unscen the remote portion of its orbit, the
comet wheels its cthercal course far beyond the limits of our
system. What region it there visits, or upon what destination
it is sent, the limited powers of man are unable to discover.
After the lapse of years, we perecive it again returning to our
system, and tracing a portion of the same orbit round the Sun,
which it had formerly described.

It would be a waste of time to detail the various wild and
extravagant opinions which have been entertained respecting
these interesting stars.  During the ages of barbarism and su-
perstition, they were regarded as the harbingers of awful con-
vulsions, both in the political and in the physical world. Wars,
pestilence, and famine, the dethronement of kings, the fall of
nations, and the more alarming convulsions of the globe, were
the dreadful evils which they presented to the diseased and
terrified imaginations of men.  As the light of hnowledge dis-
sipated these gloomy apprehensions, the absurdities of licen-
tions speculation supplied their place, and all the ingenuity of
conjecture was exhausted in assigning some rational office to
these wandering plancts.  Even at the beginning of the 18th
century, the friend and companion of Newton regarded them
as the abode of the damned. Anmious to know more than what
is revealed, the funcy of speculative theologians strove to dis-
cover the frightful regions in which vice was to suffer its me-
tited punishment ; and the igterior caverns of the Iarth had,
in general, been regarded g€ the awful prison-house in which
the Almighty was to dispensc the severities of justice.  Mr.
Whiston, however, outstripped all his predecessors in fertility
of invention.  Ile pretended not only to fix the residence of
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the damned, but also the nature of their punishment. Wheeled
from the remotest imits of the system, the chilling regions of
darkness and cold, the comet wafted them into the very vici-.
nity of the Sun; and thus alternately hwrried its wretched
tenants to the terrifying extremes of intolerable cold and de-
vouring fire.

By other astronomers, comets were destined for more scien-
tific purposes. They were supposed to convey back to the
planets the electric fluid which is constantly dissipating, or to
supply the Sun with the fuel which it perpetually consumes.
They have been regarded, also, as the cause of the deluge ;
and we must confess, that if’ a natural cause is to be sought for
that great event, we can explain it only by the shock of some
celestial body. The transient cffect of a comet pasiing near
the Earth could scarcely amount to any great convulsion ; but
if the Farth were actually to receive a shock from one of these
bodies, the consequences, as La Place has shewn, would be aw-
ful. A new direction would be given to its rotatory motwon,
and the globe would revelve round a new axis. The scas, for-
saking their ancient beds, would be hurried by their centrifugal
force, to the new equatorial 1egions ; islands and continents,
the abodes of men and animals, would be covered by the uni-
versal rush of the waters to the new equator, and every vestige
of human industry and genius at once destroyed.  The chances
against such an event, however, are so very numerous, that there
is no dread of its occurrence.

Various opinions have been entertained by astronomers re-
specting the tails of comets. Thesc tails sometimes occupy an
immense space in the heavens. The comet of 1681 stretched
its tail across an arch of 104 degrees ; and the tail of the comet
of 1769 subtended an angle of 60° at Paris, 70° at Boulogne,
97 at the isle of Bourbon, and 90° at sca, betwcen Teneriffe
and Cadiz. These long trams of light were supposed by Ap-
pian, Cardan, and Tycho Biahe, to be the hight of the Sun
transmitted through the nucleus of the comet, which they be-
lieved to be transparent like a lens. Kepler thought that the
impulsion of the solar rays drove away the denser parts of the
comet’s atmosphere, and thus foryied the tail. Descartes as-
cribes the tail to the refraction of light by the nucleus. New-
ton maintained that it is a thin vapour raised by the heat of the

Sun from the comet. Kuler asserts that the tail is occastoned
2
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" by the impulsion of the solar rays driving off the atmosphere
of the comet ; and that the curvature observed in the tail is the
Joint effect of this impulsive force, and the grawmuqn of the
atmospherical particles to the solid nucleus. Mairan imagines
that comets’ tails are portions of the Sun’s atmosphere. Dr.
Hamilton of Dublin supposes them to be strcams of electric
matter ; and Biot supposes with Newton that the tails are va-
pours produced by the excessive heat of the Sun ; and also that
the comets arce solid bodies before they reach their perihelion,
but that they are afterwards either partly or totally convu-ted
into vapour by the mten'uty of the solar heat.

In the ecarly ages of science, the comets were regarded as an
assemblage of small stars that had accidentally coalesced into
onc body ; and afterwards they were believed to be simple me-
teors or exhalations generated by inflammable vapours in the
Earth’s atmosphere. A few of the ancient philosophers enter-
tained more correct notions of the nature of comets. Some of
them considered these bodies as a species of planets that moved
in regular orbits beyond the region of the Moon : but this was
only a sagacious cenjecture which they had founded neither on
observation nor analogy. Tt was not till the time of Tycho that
actual observation was called to the aid of theory, and that any
well-founded opinion was maintained. By observing the comet
of 1577, he found that it had no dturnal parallax; and that
it was therefore situated at a much greater distance than the
Moou. Kepler, who at first thought that they described recti-
lincal paths, afterwards endeavoured to shew that their orbits
were parabolic and concave towards the Sun. Hevelius enter-
tained the same opinion; but it was left for Sir Isaac Newton
to show, that comets revolved like planets round the Sun, in
eccentric ellipees, stretching far beyond the limits of the solar
system, as is reprehentcd in Plate I, Sup. where the aphclion
pdit of the orbit is not drawn on account of its great distance
from the Sun.

Pursuing the opinion of Sir Isaac Newton, the ce- o e re.
lebrated Dr. Halley collected/all the observations turn of co-
upon comets, and calculatef the elements of 24 of ™
them. He was so much struck with the similarity between the,
elemants of the comets of 1456, 1531, 1607, and 1682, that he
pelieved them to be the same comet that had performed three
complete revolutions, betwcen 1456 and 1682, with periods of
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From 1531 10 1607 .. . vecveereenrerrens 76 years 62 days.
From 1607 to 1602 ........ ......ccceuee.. 74 years 823 daye.

Hence he predicted that the same confet would return m 1757
or 1758 ; and that its period would be lengthened by the ac-
tion of Jupiter apd Saturn.

This curious subject was taken up by Clairaut, who computed
the separate effects produced by Jupiter and Saturn on the mo-
tion of the comet of 1682. He concluded that the attraction
of Jupiter ought to lengthen its period 510 days, while that of
Saturn should only lengthen it 100 ; and that instead of 71
years and 323 days, its period should be 76 year-and 211 day .
As the comet, therefore, passed its perihelion on the L#h Sep
tember 1682, it ought, by this calculation, to 1each the s
point of its path on the 18th of April 1759.  The appeatanc
of this comet was therefore cagerly anticipated as a phenome-
non which would establish on an immoveable basis the theory
of universal gravitation. It accordingly appeared about th
end of December 1758, and arrived at 1ts pathehon on the
13th"f March, only 30 days before the time fixed by Clanaut
By rcpeating his calculations, he aftcrwards reduccd this eno
to 19 days.

The comet of 1816, which reached its perihelion on the 26th
April, appears also to revolve in an elliptical orbit, whos
greater axis is'less than that of the Georgium Sidus, and less
even than that of the comet of 1759. The period of 1ts wide-
real revolution is ahout 73 years, so that 1t may he expected to
reappear in the year 1888.

Comet of The comet of 1770 appears to have expenienced
1770. very remarkable changes from the action of the pla-
nets. According to Pingre, it moved 1 an orbit whose major
semiaxis was 3.14786, and had a period of 5 43 years. The
calculations of Lexcll make its major scmiaxis 3.14786, andsits
period 5.585 years. As this comet has never been seen since
1770, the National Institute very lately requested Mr. Burch-
hardt to repeat all the calculauns with the utmost care; and
*the result of his labour has been . complete confirmation of the
clements obtained by Lexell. He found 1ts MAjor seniuasis to
‘s, 14'359, and its period 5.575 years. What has becewrn, of tlus
comet it is difficult to say. The aphelion part of its orbit i is 10
far beyond the orbit of Jupiter. It approaches as near tc-the
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Larth as the Moon, and ought to have appeared about elght
times gince the year 1770.

We are unwilling to hazard a conjecture upon a Theory of
subject like this; but the circumstances are so0 re- the loss of the
markably curious, that we hope to be pardoned for %7";“"“ of
indulging in speculation. In Chapter II, we have )
shewn that the four new planets are the fragments of a large
celestial body which once existed between Mars and Jupiter ;
and we have adduced several arguments to prove that this body
may have burst by some internal convulsion. If this body had
an atmosphere, cach of the four fragments would obvxous]y
carry off a portlon of it, wccordmg to their respective magni-
tndes 3 but jt is a very singular circumstance, that while two of
the fragments, Juno and Vesta, are entirely free from any ne-
bulous appearance, the other two fragments, Ceres and Pallas,
are surrounded with a nebulosity of a most remarkable size.
In the ease of Ceres, this nebulosity is 675 English miles high :
wlile the nebulosity of Pallas extends 468 miles from the body
of the planct. Itis obvious that such immense atmospheres
could not have been derived from the original planet, otherwise
Juno and Vesta would also have been encircled with them ; so
that they must have been communicated to Ceres and Pallas
sinee the planct was burst. Now, the comet of 1770, if it is
lost, must have been attracted by one of the planets whose orbit
1t crossed, and must have imparted to it its nebulous mass ; but
none of the old planets have reccived any addition to their at-
mosphere; consequently, it is highly probable that the comet
has passed near Ceres and Pallas, and imparted to them those
immensc atmospheres which distinguish them from all the other
plancts. We have not room to detail the other arguments in
cupport of this theory, which may be drawn from the position
of the orbits of the comet and the two planets. .

A very large and interesting comet appeared il Cometof
the year 1811, and reached its perihelion on the 12th 1811
September. M. Schrocter found the apparent diameter of its
nucleus to be 1’ 49”, or 10,920 gcographic miles. In the centre
of this nucleus, he distingished another nucleus, smaller and
more luminouey the apparent diameter of which was 16”.97, or
1.69%miles. This central part was surrounded with a particu-
lar kind of a.tmospllerc and also with a luminous nebulosity.
"Thé total apparent diameter of the head of the comet was
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84 12, or 2,052,000 miles. The greatest apparent length of
the tail was 18°, or 181,852,000 miles. “
Comet of A remarkable comet was discovered at Marseilles
1819. by M. Pons, on the 26th November 1818, in the
constellation Pegasus. It had a diameter of 5 or 6 minutes,
and wes easily scent through a night telescope: As the para-
bolic orbit computed for it by M. Bouvard did not represent
the observations with sufficient accuracy, M. Enke tried an
elliptical orbit, and found that it reduced the error from 3' to
80”. According to this calculation, the period of this comet is
only 81 years, and the larggr axis of its orbit a little smaller
than that of Vesta, so that it may be regarded as a body of our
own system, which never ranges beyond the orbit of Jupiter.

Upon comparing its orbit with that of preceding comets,
astronemers find that the comet which appeared in 1786, 1795,
1801, and 1805, must have been the same comet which re-ap-
peared in 1818-19.

This remarkable body approhiches nearer Mercury than any
of the other planets, and as it must cross the Earth orbit more
than 60 times in the course of a century, there may be a shight
probability of some collision between these two bodics.

This comet wiil pass its perihelion on the 24th or 25th May
1822, the longitude of the perihelion from the mean equinov,
on the 24th May, being 5* 7° 12’ 7, and the longitude of the
ascending node 11* 4° 23’ 40”. It will not be secn in Europe
in the spring of 1822, as it will be too faint in comparison
with the evening twilight, nor can we ascertan if it will be
visible with powerful telescopes in 1ecember 1821 or January
1822. In the southern hemisphere, however, it will be visible
as early as the 9th or 10th June 1822, and will be like a star
‘of the fifth magnitude.

[

" . The elements of the greater number of comets that have been
observed till the year 1820, amounting to 111, are contained in
the following Table. The Arabic figures in the first column ac-
companying the Roman numerglsy point out the comets that re-
semble one another. Thus, the himber 19 opposite to the
year 1532 shews that the comet of that year is'the same as the
comet No. XIX, which appeared in 1661. . .

It will appear from a comparison of the numbers in the Table,
1. That 24 comets have passed between the Sun and the orhit
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of Mercury; 83 between the orbits of Mercury and Venus;
21 between the orbits of Venus and the Earth; 16 between the
orbits of the Earth and Mars: 3 between the orbits of Mars
and Cercs ; and 1 between the orbits of Ceres and Jupiter. 2.
That 32 comets have appearcd betwcen the months of April
and Scptember, and 66 between September and April. 8. That
the greater part of the comets have their perihelion nearest to
therr ascending nodcs. 4 That 50 of the comets move from
we.t to cast, and not m the opposite direction. 5. "That the or-
bits of the comets are not confined to any paticular region of
the heavens, like the old planets, but scem to be inchned at
every possible angle to the echptic.  This will appear from the
following Table, winch shews the number of comets whose m-
dinations are bclow cvery tenth degree.

_I_l a Number of Co- Numl:;‘lr calcul sted
nation of the upon suppost-
(rb:ts of the (Yo~ i:;:,“ :3;7 62 ::h nlon thni th‘e;ypoare Dufference.
torm} tri-
mets Degree. 11:::: c:nll:m y distn.
10’ 8 103 +2§
20 19 21, +23
30 26 318 +68
40 37 43§ +63
50 47 543 +7%
60 G4 653 +13
70 80 76% —31
80 89 873 —13
90 98 98 0
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T'nLe of the Elements of One Humdred and Eleven Comets,
which hawe been observed and calculated till the Year 1820.

. Distnce of
Years Time when the Comcts passed  Jthar Perihe-
o'gﬁ:n:fsd‘e (when they| therr Perthclion. LIP:;I lion, that of
. appeared. time at Greenwich the Larth
bang 1.
Days. LI
I, 837 | 1 Maich, 0.58
11, 1231 {30 January, 7 12 39 |09478
111, 1264 | 6 July, 7 50 39 {0445
17 July, 6 039041081
1V, 1299 | 31 March, 7 28 39 (03179
v, 1301 {22 Oct nearly, 0457
VI, 1337 | 2 June, 6 24 39 | 040666
1 June, 0 30 39 |0 6445
49, 1456 | 8 June, 22 0 39 |0 5855
VII, 1472 |28 February, | 22 22 39 | 051273
49, 1581 |24 August, 21 17 89 |0 506500
19, 1532 |19 October, | 22 11 39 |0 50910
VIII, 1533 |16 June, 19 29 39 |0.2028
3, 1556 |21 April, 20 2 39 |0.46390
IX, ° 1577 |26 October, | 18 44 39 | 018342
X, 1580 | 28 November,| 13 44 39 |0.59553
XI, 1582 | 7 May, 0.23004
XII, 1585 | 7 Oct N.S.| 19 19 39 | 1.09358
XIII, 1590 | 8 Feb. N.S.| 9 44 30 | 0.57661
XTIV, 1593 {18 July, N.5.| 18 88 39 |0.08911
XV, 1596 | 8 August, | 15 33 39 | 0.349115
49, 1607 |26 October, 3 49 39 |0.58680
XV], 1618 |17 August, 3 239 |051208
XVII, 1618 | 8 November,| 12 22 39 | 037975
XVIII, 1652 {12 November,| 15 39 390 |0.84750
XIX, - 1661 |26 January, | 23 40 39 |0 44851
XX, 1664 { 4 D« em‘))'er, 11 51 39 |1 025755
L X X1, 1665 |24 Apnil, 5 14 39 |010649
XXII, 1572 | 1 March, 8 36 39 |069739
XXIII, 1677 | 6 May, » 0 36 39 |0.28059
XXI1v, 1678 {26 August;, | 14 2 89 (1.23801
XXV, 1680 | I8 December,| 0 1.] [0.006030
49, 1682 |14 September,| 7 38 39 | 58328
XXV1, 1683 |13 Ju]i‘ , 2 40 39 |0..6H0Rv
XXVI, | 1684 | 8June, |10 15 39 |0.9695 |
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Tamc of the Elements of Onc Hundyed and Eleven Comets,
which have been observed and calculated il the Year 1820.

Inclhination of
thur Orbits to
the Ecliptic

Years | Dircctton | o de of their | Place of thar

:::my K; ot::;: Ascending Nodes Punhehon.

5 ’ ’ , ’ o ’ ’

337 | Reiog | 626393 01919 3 0110 012
1231 { Dreet, ({01380 041448 0 6 5 0
1264 | Dnct, 19 0 0(9°2 0 0]86 38 0
Ducet, 2845 09 K545 013025 O
1209 | Retrog 17 8 00 32 0]6857 0
1301 | Retrog,. 15 ncaly [ 9 0 10 0 | 50 nearly.
1497 | Retrog 2421 01 759 0(3211 0
Retiog 622 0102 0 038211 0
11456 | Retiog 1830 010 1 0 01756 0
1172 | Retrog. 1146 2011158380 ) 520 0
1591 | Retiog 2 010 1389 01756 0
1532 | Dircet, 27 0182137 018236 0
1533 | Retrog 44 0112716 05549 0
15356 | Direct, 2 019 850 032 630
1577 | Rctrog 922 0|174+3245
1580 | Diredt, 79371319 11 55 | 64 51 50
1582 | Rctrog 021 |8 50r9 11 | 59 or 61
1585 | Direct, 423010 851 0} 6 4 O
1590 | Retiog 30 107 6 5130|290 40 40
1593 | Dnect, 14 052619 0|87 58
1596 | Retrog. 36 50 | 728305052 9
1607 | Retrog. 10 216 0|17 2
1618 | Ducct, 325 0101820 0O |21 28
1618 | Duecet, 6 1 0(0 214 0|37 34
1652 | Duect, 810 00 28 18 40 | 79 28
1661 | Duet, 230 30 |3 25 58 40 | 32 35 50
166G+ | Reuog 41041 5|21 18730
1665 | Retrog 21154807 5 0
1672 | Dnecct, 116 59 30 | 83 22 10
1677 | Rctrog. 41787 5|79 815
1678 | Dircct, 40 0102746 0| 3 420
57 13 | 8 22 40 10 | G1 22 55
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1680, Dirett, 1
1662 | Retiog. | 1 21 16 30,[10 2 52 45 | 17 56 0
1683 | Retrog | 52328 0225293808311 0
| 1684 | Ducct, | 828 15 0|7 2852 0| 65 48 40
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T4nrg of the Elements of Comets,—continued.
Y T, hen the Comets I:P““lx:ul:’t
ears 1me when the (‘om
Org:rmoei:hc when they therr Penhelion. M‘::‘d th::. the:tl :;
g appeared time at Greenwich. the Earth
bemng 1.
Days. hooo
XXVIII, 1686 |16 September,| 14 32 39 | 0.82500
XXIX, 1689 | 1 December,| 14 55 39 |0.016889
XXX, 1698 |18 October, | 16 36 39 | 0.69129
XXXI, 1699 |13 January, 8 22 39 | 0.75435
XXXII, 1702 |13 March, 14 12 39 1064590
XXXIII, 1706 |30 January, 4 55 39 |0 426865
XXX1V, 1707 |11 December,| 23 43 36 | 0 85904
XXXV, 1718 {15 January, 1 15 15 |1.02565
XXXVI, 1728 |27 September,| 16 10 39 | 0.99865
XXXVII, | 1729 |25 June, 11 6 39 |4.26140
23 June, 6 36 1 |4.0698
XXXVIII, | 1737 |30 January, 8 20 39 |0.22282
XXXIX, 1739 |17 June, 9 59 39 [0.67358
XL, 1742 | 8 February,| 4'38 39 |0.76568
8 February, | 4 21 9 |0.765555
XLI, 1748 (10 January, | 20 25 39 (0.83501
10 Janua.ri, 21 15 36 |0.838115
XLII, 1743 |20 September,) 21 16 39 |0.52157
XLIII, 1744 | 1 Maich, 8 16 59 {0 22206
XL1V, 1746 | 3 Mar. 1747, 7 10 39 | 219851
XLV, 1748 | 28 Apnl, 19 25 24 {0.84067
XLVI, 1748 |18 June, 1 23 39 |0.65525
XLVII, 1757 | 21 October, 9 46 39 {0.3380
XLVIII, 1758 |11 June, 3 17 389 {0.21535
XLIX, 1759 |12 March, 13 31 39 |0.58349
12 March, 18 50 3 {0.58490
12 March, 12 48 15 |0.58360
L, 1760 |27 Nov 1759,) 0 2 36 |0.80139
LI, 1760 |16 Dec. 1759, 21 3 39 |0.96599
LII, 1762 |25 May, 15 17 89 [1.0124
: 28 May, 6 51 28 |1.009856]
29 May, 0 18 27 |1.01415
LIII, 1763 | 1 November, 19 43 17 | 0.49876
L1V, 1764 | 12 February, | 18 42 15 [0.55522
LYV, 1766 |17 February, | 8 40739 ;050538
LVI, 1766 |22 April, 20 46 19 |0.35274,
LVII, 1769 | 7 October, | 12 20 89 | 0.12376
7 October, | 13 36 52 |0.122721
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TanLE of the Elements of Comets,—continued.

Years | Direction |1 oeiiude of thewr| Place of ther | Loclination of
| moton Ascending Nodes.|  Peahelon. | er il
1686 | Direct, (11 20 34 40 | 2 17 0 30 | 31 21 40
1689 | Retrog. {10 23 45 20 | 8 23 44 45 [ 69 17 0
1698 | Retrog. | 8 27 44 15 (9 0511511 46 0
1699 | Retrog 10 21 4535 |7 231 66920 0
1702 | Direct, |6 9251541841 3| 430 O
1706 | Direct, { 013 11 2312 12 36 25|55 14 5
1707 | Direet, | 1 22 502921958 9|88 37 10
1718 | Retrog | 4 7 552014 120 96|31 12 53
1723 | Retrog | 014 16 0 (1 12 5220|4959 0
1729 | Direct, {10 10 32 37 10 22 40 0 | 76 58 4
Direct, {10 10 35 15 {10 22 16 533 | 77 1 58
1787 | Duect, | 716 22 010 25 55 0| 18 20 45
1739 | Retrog | 6 27 25 14| 8 12 38 40 | 55 42 44
1742 | Retrog. | 6 538 29 |7 7 8513166 59 14
Retrog. | 6 584 45 |7 79314 |67 411
1743 | Direct, |2 821 15|33 241 45| 219 83
2 8104813 258 4| 21550
1743 | Retrog. | 0 5 16 25 | 8 6 33 52 | 45 48 20
1744 | Direct, | 1 15 45 20 | 6 17 12 55 | 47 8 36
1746 | Retrog. | 4271850 |9 7 2 0179 6 20
1748 | Retrog. | 7T 2252 16 | 7 5 0 50 | 85 26 57
1748 | Direct, |1 4894319 6 9241|5659 3
1757 | Direct, | 7 4 4 0|4 249 0}11248 O
1758 | Direct, |7 2050 082738 06819 O
1759 | Retrog. | 1 23 49 010 316 01789 O
Retrog. { 1 23 45 35 (10 8 8 10 | 17 40 14
Retrog | 1 23 49 21 10 3 16 20 | 17 35 20
1760 41938941 |19233419(79 6 38
1760 | Retrog. | 2°19 50 45 | 4 18 24 35 | 4 51 82
1762 | Direct, (11 19 20 0| 31515 08445 0
Direct, (11 19 222 |3 142946 |85 3 2
Drrect, |11 18 55 31 | 3 15 22 23 | 85 22 21
1763 | Direct, {11 26 23 26 | 2 24 51 51 | 72 40 40
1764 | Retrog. | 4 0 4 33| 0 15 11 52 | 52 53 81
1766 | Retrog. | 8 4 10 50 | 4 23 15 25 | 10 50 20
1766 | lnrect, | 2142250 |8 2175311 8 4
1%60 | Direct, | 525 0 43 |2 24 5 54 | 40 37 33
¢ | Durect, | 525 633|424 11 7|40 48 49 |
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TanLE of the Elcments of Comets,—continucd.

Order of the | ) 3™
Comets. when they
appeared.
LVIII, 1770
LIX, 1M
LX, 1771
LXI, 1772
LXIT. 1718
LXIII, 1774
1779
LXIV,
LXYV, 1780
LXVI, 17851
LXVII, 1761
LXVILI, 1783
LXIX, 1784
LXX, 1784
LXXI, 1785
LXXII, 1785
LXXIII, 1786
LXXIV, 1787
LXXYV, 1788
LXXVI, 1788
LXXVII, | 1790
LXXVIII, | 1790
LXXIX, | 1790
LXXX, 1792
LXXXI, 1792
L}xxxn 1793
Lxxxm‘ 1793
LXXXIV, | 1795
LXXXV, 1796
LXXXVI, | 1797
LXXXVI, | 1798
LXXXVITI,| 1798
LXXXIX, | 1799
XC, 1799
XCI, . |1801

Time when the Comets passed
their Perthelion. Mean
time at Greenwich.

Days.
14 August, 0 4 38
13 August, 12 55 39
22 Nov 1770, 5 38 39
18 April, QW 5 6
18 February, 20 41 1%
5 Septeruber, 11 9 24
15 August, 10 46 14
4 January, 2 239
4 Jauary, 215 9
30 Septem wr, 18 329
7 July, 4 31 59
29 November, 12 32 25
15 November,| 5 4% 2
21 January, 4 47 39
9 April, 21 71 25
27 January, 748 49
8 April, 8 58 51
7 July, 21 50 51
10 May, 19 48 39
10 November, 7 25 39
20 November, 9 % 24
17 January, '
15 January, 5 539
28 January, 73 9
21 May, 5 46 54
13 Janu.ny, 13 34 52
27 December, 7 47
4 November,) 20 11 3‘)
18 November, 15 28 89
15 December, 8 20 29
2 April, 19 45 45
9-July, 231 10
4 April, 11 58 16
31 Dccember, 21 55 44
7 Scptember, 5 34 5
21 September,| 4 25' 0
25 December, 18 54 29
8 Augnst, 12 50 39

Dastance of

[thexrr Perthe-

hon, that of
the Larth
bemng 1.

0.676893
0.674581
0.52824
0.90576
1.01815
1.1389
1.4286
071312
07132
0.09925
0.77556 4
0.96101
1.5653
0.70786
0 650531
1 143398
0.427300)
0.41010
0.34891
1.06301
0.766911
0.75
0.75310
1.06329
0.79796
1.2930%
0.96683
0.4034
1.50145
0.21379
1.57816
0.52661
0.48459
0..77479
0.84018
CB2987
0.20688
0.24%
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TL'anLE of the Elements of Comets,—continued. ,
Years | Direction Inclhination of

Longtude of thexr|  Place of therr

::f‘“ they of ther | ccending Nodes.|  Penhelon, | 10 gc}::'hf
1770 | Direct, | 4 12 17 3 {11 26 26 13| 1 34 30
Mdst3148) 4 12 0 0|11 26 16 26| 1 33 40
177 Retrog- 318 42 10| 6 28 22 44| 31 23 55
1771 | Direct, |0 27 51 0} 3 13 28 13111 15 20
1772 | Direct, | 8 12 43 5|8 18 6 22|18 59 40
1773 | Direct, |4 1 15371215 35 43 | 61 25 21
1774 | Dned, |6 049 48 |10 17 22 183 0 25
1779 | Direct, | 025 551|227 131113224 0
025 857122713 10|322530
1780 | Retrog | 4 4 919 | 8 621 18|53 48 5
051 | Direct, |2 23 0 85 | 729 11 25 | 81 43 26
1781 | Retrog, | 2 17 22 52 | 0 16 3 28 | 27 13 8
1783 | Dnect, (1241950 |1 15214653 9 9
1754 | Retrog. | 1 26 49 21 | 2 22 14 24 | 51 9 12
178% Rctrog. 226 52 910 98 54 57 | 47 55 8
1785 | Direct, | 8 2412 15 | 3 19 51 56 | 70 14 12
1785 | Retrog. | 2 4 33 86 | 9 27 20 38 | 87 31 54
1786 | Direet, | 6 14 22 40 | 5 9 25 36 | 50 54 28
1787 | Retrog. | 8 16 518610 744 9] 48 15 51
1788 | Retrog. |5 710883 9 8271228 20
1788 | Duect, (11 21 42 15| 0 23 12 22 | G# 52 32
1790 | Retrog. [ 522 0 0128 0 02931 0
Retrog. | 5 26 11 46 | 2 0 14 32 | 31 54 15
1790 | Direct, | 8 27 8 37 | 8 21 44 37| 56 58 138
1790 | Retrog. |1 811 2|9 343 27| 63 52 27
1792 | Retrog | 6 10 46 15 | 2 6 29 42 | 39 46 55
1792 | Retrog. {9 13 14 414 | 4 15 52 35 | 49 7 18
1793 | Retrog. [ 8 1829 0|7 18 42 060 21 0
1793 | rect, (6 220 0211 0 05156 0O
1705 | Direct, |11 23 14 0| 51029 0 {2210 0
1796 | Retrog. | 0 17 2 16 | 6 12 44 13 | 64 54 38
1797 | Retrog. (10 29 15 87 | 1 19 27 8 | 50 40 34
1798 | Dircet. |4 21221 |3 15 6 57 | 43 44 42
1798 | Retrog. | 8 9 30 2|1 885 5114214 52
1799 | Retrog. | 3 9 27 19 | 0 8 19 10 | 50 57 30
Retrog. | 3 9 3 00 336 0|50 5230
1799 | Retrog. {10 2627 18|16 10 14 52 |77 O 7
1801 | Retrog. | 1 1‘_{_8 0|6 1 1 0]2020 0
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TusLE of the Elements of Comets,—condluded

Yo T hen the C d Ijl-mulr'lwl?f
ears 1me when the Comets 9€ t! -
O'C"“ of the |0y en th, therr Penhelion.  Menn | lion, that of
appea time at Greenwich. the Larth
bemng 1
Dlyﬂ- h ’ ”
XCII, 1802 | 9 September,| 21 23 8 [1.09411
XCIII, 1803 | 9 September,| 20 33 54 |1.0942
XCIV, 1804 {13 February, [ 14 6 55 [107117
XCV, 1805 {16 November,) 3 5 6 |037862
XCVI, 1805 |81 Deccmber,| 6 12 40 | 089193
X 'VII, 1806 |28 Dccember, | 21 52 49 |1.08193
X('VIII, 1807 |18 Scptember,| 17 50 27 |1 64648
XCIX, 1608 |12 July, 3+ 1 33 |060786
C, 1810 | 5 Octobcr, 19 44 35 [ 09691 4
CI, 1811 |12 Scpt * 945 5103368
CII, 1811 {11 November,} 4 21 1 |1 5852
CIII, 1812 12 neptember,) 14 8 0 ]0.78212
CIV, 1813 | 5 Mawdh, 16 36 #1 [067451
Cv, 1813 |19 May, 14 0 18 |1 21433
CVI, 1815 |26 Apul, 1310 01213
CVII, 1818 |26 I'cbruary, | 26 0 0 119875
CVIII, 1818 | 5 December,] 0 0 0 |085649
CIX, 1819 |27 January, 313 0221314
CX, 1819 |28 June, 11 38 0 | 036247
CXI, 1819 |26 June, 10 26 0 |0.88117

® Upon the supposition of an elliptical orbit, M Besscl makes 1ts period 3383
years M Flauguergues, who discovered this comet, thmks it is that of 1301,
See page 231.

+ Half the greater axis.  See page 232.
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TanLE of the Elements of Comets,—concluded.

Years | Durection Longitnde of thenn | Place of thei Inclinatin of
ey RRCRl et e ol ST
1802 | Dircet, (10 10 15 39 {11 2 O 4| 57 0 47
1803 | Dircet, (1010 17 0 {11 g2 8 0|57 0 O
1804 | Dircet, | 5 26 47 58 | 4 éﬂ 14 51 | 56 <8 10
1805 | Dircet, {11 14 37 19 | 4 27 51 28 | 15 36 $6
1505 | Duect. | 810 83 8518319 21 51 | 16 30 82
1806 | Retrog. 16 22 18 8713 4 130|435 4 5
1807 | Direet, | 82646 319 0 °Hh 06310 85
1808 | Dircety, | 0 25 11 15 | 8 12 o5 50 | 59 18 59
1810 | Dwrcer, {10 853 412 4 910 | 62 46 1%
1811 | Retrog. | 4 20 20 25 | 2 14 18 14 [ i3 9 40
1811 | Direet, | 3 25484117 82 0| 31 80 57
1812 | Direct, | 8 18 36 25 |3 240 29 [ 7+ 1 32
1813 | Retrog. | € 17 27 80 |2 6 52 50 | 27 33 30
1813 | Retrog. [ 1 12 57 30 | 6 17 8 <6 | €0 44 20
1815 | Divect, 1 2 23 26 50 | 420 2 53] 4% 30 45
1818 | Direct, {21021 10 (6 2 56 52 | 89 47 27
1818 | Retrog. | 2 19 55 14 | 3 11 46 58 | 63 10 30
1819 | Direet, 11 485 0|5 659151337 0
1819 | Dircet, |9 3 53 40 |9 20 47 59 | 80 7 41
1819 | Diveet, |3 17 46 0181551 0 8 26 0O

In a table of 116 cowets arranged by De Lambre, in the
order of their perihelion distances, he has noticed that there is

VOL. II.

only 1 whose perihclion distance exceeds,
2 which exceed couvveaasess .

<)
-

113 w0 seseenrsarersrsasensensossasessracansense 0ol
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CHAP. XI.
ON THE FIXED STARS.

Ix the twenticth chapter of volume I, Mr. Ferguson has given
some account of the number, distance, and arrangement of the
fixed stars; and has mentioned a few of the ncbulic and va-
riable stars, which had Dbcen discovered at the time when he
wrote. 'This intercsting branch of astronomy, howcever, was
then but in its infancy. The positions of individual stars had
been accurately dectermined, their immense distance had heen
fully ascertained, and a small number of sariable, cloudy, and
double stars had becn discovered in different parts of the hea-
vens: but no rational opinion had been formed respecting the
structure of the starry firmament; the proper motions of the
stars had not then been accounted for by the advancement of
the solar system in absolute space ; the double periods of some
wvariable stars had not been ascertained; the theory of donble
stars, or binary sidercal systems, in which one star revolves
round another, and the cxplanation of the milky way as the
nebula in which our system is placed, had not, at that time,
been given to the world. For the greater part of these dis-
coveries we are indebted to the industry and genius of Dr.
Herschel, who has also discovered and determined the position
of several thousand nebulae and double stars. In attempting
to give a full account of these interesting and sublime disco-
veries, we shall adopt the arrangement of Dr. Herschel, after
we have given some account of the distance, parallax, and pro-
per motion of the stars, and of the phenomena of new and va-
riable stars.

1 Qf the Magnitude, Distance, and Parallax of the Fixcd
Stars.

On the sp- When the fixed stars are viewed through a good

nceof telescope, their diameter appears much less than
the fixed  when they are examined by the naked eye. If we
stars. employ a telescope of still greater power, the appa-
rent diameter will be increased, but not according to any regu-
lar progression. Even when seen, with the same power. in dif-
ferent telescopes, their apparent magnitude is not the same.
Dr. Herschel always found that their diameter was less in pro-

[
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portion the higher were the powers that he applied; and the
smallest proportional diameter that he ever obtained was when
he employed the extraordinary power of 6,450 .mes. The
appearance of «, Lyrx, according to this astronomer, when
viewed with a power of 160, is shewn at A in Plate V, Sup.
Iig. 6, and at B, wlien <ecn with a power of G,430. 1'rom these
observatinns it apy ars that the apparent diameters of the fixed
stars do not arise fiom any sensible dise, but from other causes
with which we are not yet acquainged. This circumstance,
therefore, might, of' itsclf, be consid§red as a striking proof of
the immeasurahble distance of these cqfestial bodies, even though
we had not been m possession of moe convineing evidence.
The diameter of the Karth being tdp small a base Parallax of
for measming any changes in the pbsition of the the stars.
fixed stars, astronomers have endcavoured 1o discover these
changes by obeerving the position of the stars, when viewed
from the Earth m two opposite pomts of 1ts orhit ;5 or, in other
words, to find the annval parallax of the stars, or the angle
subtended at any of then by the diameter of the Earth’s orbit.
Thus, when we view the star S, Plate V, Sup. Fig. 1, when
the Earth is at E, we should expect it to appear in a different
part of the heavens than when it 1s seen from the Earth at F.
"The observations made by Tycho, Picard, Hook, and Flam-
stead, to discover this ammual parallan, were completely inef-
fectual ; aud even Dr. Bi:dley, the most accurate observer of
the last century, ventures to aflirm that the annual parallax of
v, Draconis, and », Urse Majoris, does not amount to 2 sc-
conds; and that, fiom the number of observations which he
made, 1 could not amount even to 1 second.
The method employ ed for this pmpose by Brad- Bradiey’s
ley and other astronomers censisted in observing the ?'—‘h"d of
. qe . nding the
meridian altitudes of the stars when the Earth was annual paral
in opposite points of its orbit. The meridian alti- 1
tudes were then corrected by refraction, aberration, and nute-
tion, and the difference in the place of the stars, if any existed,
. was readily ascertained.  This method, however, is obviously
attended with great disadvantages, as the result is liable to be
affected by variations in the atmospherical refraction, and also
by any error in the aberration and nutation employed. On
this account, Dr. Herschel has proposed a new method, greatly
superior to the former, hoth in simplicity and accuracy, and
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free of all errors arising from refraction, abcrration, nutation,
precession of the equinoxes, or any changes in the obliquity of
the ecliptic.
Dr. Her- The method of Dr. Ilerschel consists in measur-
schels me-  ing the variation in the distance between the two
. stars which compose a double star, when there i~ a
considerable difference in thiir magnitude. Thus, let A, I},
Plate VI, Sup. Yig. 1, be two opposite points in the Farth’s
orbit, and ., y, two stars of uncqnal magnitude, of which a is
the greatest, and, thercfd 'e, probably the nearest ; let the angle
x A y, or the apparent dtance of the stars, be measured when
the Earth is at A, and tle angle x B y, when the Farth is at
B, and from the differene of these angles the parallax of the
Tlartl's annual orbit mz’y be cavly deduced, npon the suppn-
sition that the distaace of’ the stars is proportional to their mag-
nitudes. When the two stars are within a few seconds of each
other, it is manifest that their distance cannot be sensibly al-
tered by any variations in the refraction of’ the atmosphere, or
by any error in their aberration; and, therefore, a double star
should be chosen in which the distance between its two compo-
nent stars is very small. If the star & had been nearly of the
same magnitude with z, its position would have been some-
where about =, at nearly the same distance from the Earth; <o
that the angular distance of the two stars would only have been
2 B z, when scen from B, which is much less than the angle
x By, when the star y is small, and, conscquently, at a much
greater distance from B.

This method, ingenious as it is, docs not scem to have led
Dr. Herschel to any accurate results respecting the parallax of
the stars. ‘The numcrous observations which he has made on
doublec stars seem rather to indicate that the smaller of the two
performs a revolution round the greater; and that a variation
in their distance may arisc from another cause than the annual
motion of the Earth. Dr. Brinkley of Dublin has very recently
(Phil. Trans. 1810, Part I1.) found a parallax of 2} scconds
for «, Lyrse; but we arc informed by Mr. Goombridge, that
this result is not conformable to the numerous observations
which he has made on that star.!

! Dr. Brinkley has recently obtained the following results respecting the parallox
of the fixed stars ;e
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It appears, therefore, from all the observations that have yet
been made, that, though the parallax of the fixed stars is com-
pletely undetermined, it can scarcely exceed a single second.
A conclusion similar to this has been obtained by the late re-
verend Mr. Michell, from considering merely the quantity of
light which they emit, and the peculiar circumstances of their
situation.  Ju this imvestigation, Mr. Michell supposes the
stars to be, at a medium, equal to our Sun in magnitude and
natural brightness: and that Saturn, exclusive of his ring,
emits as much light as the most lnmjppous fixed star. Now, the
distance of Saturn being 2,082 of thf Sun’s semi-diameters, the
density of the Sun® light at Saturn {vill be less than at his own
surface, in the proportion of the squ re of 2,082 to 1, or in the
proportion of 4,334,724 to 1.  But '}e diameter of Saturn is
only the 105th part of that of the ; and, therefore, the
light which he cmits must be diminkhed in the proportion of
the square of 105 to 1, or as 11,025 to 10. By multiplying
these numbers together, we shall find that the whole light of
the Sun is to that of Saturn as 48,400,000,000 to 1, or as the
square of 220,000 to 1; consequently, if the Sun were re-
moved to 220,000 times his present distance, he would still ap-
pear as bright as Saturn, and the parallax of the Earth’s an-
nual orbit would be less than two seconds. But we have sup-
posed that Saturn reflects all the light which falls upon him,
which is very far from being the case, It is probable that one-
fourth or one-sixth part of it is absorbed ; and, therefore, we
must inerease the distance already computed in the ratio of 2
or 2} to 1, which would make the parallax of Saturn, when
removed to that distance, less than 1 seccond. Upon the sup-
position, therefore, that the light of Saturn is equal to that of
the brightest fixed star, and that the magnitude of this star is
equal to that of the Sum, its annual parallax ought to be less
than onc second.

If we suppose, that the parallax of the ncarest Digance of
fixel is 17, and that the mean distance of the Earth the stars.
from the Sun is 95,000,000 miles, we shall have a right angled

Parallax. No. of Observations.
 Cygni, - 1756 119
& Aquilz, 5700 208
‘ a Lyre, 1’32 262 «

See Irish Transactions, vol. xii, and Phil. Trans. 1818, pt 291, &c.
Our able astronomer royal, Mr. Pond, Las obtained results quite hostile to the
idea of a parallax. See Phil. Trans. 1818, p. 477, 481.
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tiangle, whose vatical angle is 17, and whose base is 95,000,000
miles; to find its side, or the distanee of the star, which will be
20,159,665,000,000 miles, or 20 billious of mles, a distance
through which %ight could not travel in less than thice years.
If the brightest star in the heavens is placed at such an un-
mense distance from our system, what m lnneasurable inter-
val must lic between us and those nunute stars, whose hght is
scarccly visible in the most powerful teleseope ! Some of them,
perhaps, are <o remote, that the first beam of Light which they
sent forth at their cication has not yet anived within the li-
wits of our system; whilg” other stars which have disappeared,
or have been destroyed ffr many centuries, will continue to
shine in the heavews ull the last ray which they cmitted has
reachcd our Earth.

Al

2. On the Proper Motion of the Fiwcd Stars.

Onthepro- 10 the fourth supplementary chaptcr of this vo-
per motions  Jumie, p. 158, &c. v ¢ have already stawed, that the
of thestars  oolar system is advancing towards the constellation
ITcrcules. From this motion ot the system in absolute spacc,
it is obvious, that the stars in that constellation must appear to
recede from cach other; that those in the opposite part of the
heavens must appear to approach ; and that the intermediate
stars must have motions corresponding to their situation, with
regard to the direction in which the systcm moves; in the same
manner as, when walking through a fores, the trees to which
we advance are constantly widening, while the distance of those
which we leave behind is gradually contracting.  This motion
of the fixed tars, from which the advancement of the solar
system has been deduced, is called their proper motion. It was.
first observed by Halley, and afterwards by Lemonuier and
Cassini. Tobias Mayer had the merit of giving the first ex-
planation of this proper mo ion; lat it wa, reserved for Dr.
Herschel to point out the quarier of the heavens to which the
solar system was advancing.

The following table contains the proper motion of 36 of the
principal fixed stars in 1ight ascension and declination, accord-
ing to the accurate observations ot' Dr. Maskelyne.?

? In this volume, p.*102, the reader will find the annual variation in R. Ascen-
sion und noith polar distance of 95 stars that are capable of being eclipsed by the
Moon.
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Table of the Annual Proper Motion of 86 Stars in Right Ascension

and Declination.
< Annual Annual
3 motion inp'rli’geh: motion inpdr:gl:
Names of the Stars. go ascension. nation.
= Seconds, Seconds.
” ”
y Pegasi . . . . . . 2 ~—0.09 —0.15 N.
@ Arietis . . . . . . 2.3 +4-0.10 +0.07 s.
e Ceti . . o e e 2 —0.12 ~0.08 N.
Aldebaran . . . . . 1 4-0.03 +4-0.12 s.
Capella . . . . . 1 +4-0.21 +0.44 8.
Rigel . . . . . . 1| {—o.03 —0.16 N.
g Tauri . . . . . . 2 -}-0.01 +0.10 5.
« Orion . e e 1 +$-0.01 —0.13 N.
Sirius .+ . . . . 1 —0.42 +1.04 s.
Castor . .. . 2 —0.15 +0.44 s.
Procyon . . . . . 1. —0.80 4 0.95 s.
Pollux . . . . . . Q —0.74 0.00
e« Hydree . . . . . . 2 ~0.09 —0.14 N.
Regulus. . . . . . 1 ~—0.2 ~—0.08 N.
g Leonis . . . . . . 1.2 -—0.57 +0.07 s.
B Viginis. . . . . .} 3 +0.72 +024s
Spica Virginis . . . 1 —0.02 —0.19 N.
Arcturus . . P 1 ~—1.26 +1.72 s.
1 . 6 —0.11 ~—0.18 N.
g f « Libr= . .. { g| —o0a1 —0.15 x.
« Cor.Bor. . . . . .| 23 -—0.26 +0.03 s.
« Serpentis . . . . . 2 +4-0.11 —~0.19 N.
Antares. . . . . . 1 0.00 —~—0.26 N.
« Herculis . . . . . 2 0.00 ~0.23 N.
« Ophiuchi . . . . . 2 <40.06 +0.05 s.
« Lyre . . . . ., . 1 +40.23 —0.27 N.
14 3 —0.11 ~0.16 N.
e > Aquile . . . 1.2 40.48 ~—0.54 N.
B 3.4 —0.03 +0.35 s.
1 Cavricorni . J 3 0.00 | —028x.
g f»® LApricorni . 9 3| 4005 —0.26 N.
«aCygni . . ~. . . 1.2 —0.08 —0.03 N.
« Aquarii . . . . . . 3 -—0.08 —0.19 N.
Fomalhaut. . . . .| 12| 4035 —0.06 N.
e Pegasi . . . . . . 2 —0.06 —0.18 N.
« Andromedee . . . . 2 +0.08 <+ 0.06 s.
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In the following Table we have given the proper motion of 9
principal fixed stars in longitude and latitude, according to the
most recent observations of Dr. Maskelyne, including the pre-
cession, &c.

Annual increase of | Annual variation of
Names of the Stars. Lt?ngltude. ° Latitude.
n ”n

e Arietis . . . . . . 50.271 +40.180
Aldebaran . . . . 50.204 —0.317
Tollox . . . . . 49.470 +40.280
Regulus . . . . 50.004 =+ 0.200
Spica Virginis . . 50.059 -} 0.080
Antares . . . . 50.141 +0.167

e Aquile . ., . . 50.870 -+ 0.372
Fomalhaut . . . . 50.717 +0.013

s Popasi . . . . . . 50.133 4+ 0.163

3. On New « *‘d Variable Stars.

On variable While the apparent places of the fixed stars are
“tars. thus constantly ch: uging, many of the stars them.
selves scem to be affccted with variations of a different Kind,
arising either from some peculiaritits in their physical constitu-
tion, or from some great changes going on upon their smface.
Several stars have appeared in the heavens for a while, and then
vanished. Several, whose positions are given in the ancient ca-
talogues, can no longer be discovered, even by the powerful in-
strmnents of modern astronomers ; while others are distinetly
visible, which do not appear to have been observed by the an-
cients. A few stars have gradually increased in brilliancy ;
some that have been formerly variable, now shine with a steady
light ; others have been constantly diminishing in brightness ;
and a considerable number sustain a periodical variation in their
lustre. The new star of 1572, which Tycho obscrved in the
tonstellation (assiopela, exhibited very singular changes.  Its
brightuess suddenly became so great, that it excceded that of
Venus and Mereury, and was vi-ible on the meridian during the
day, . The infensity of its light gradually diminished, and it
disappearcd sixteen months after its first apparance. The new
star in the constellation Serpentarius, which was scen in 1603,
exhibited phenomena nearly similar, and vanished, after having
becn visible for some months.
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Astronomers have attempted to explain these re- Theory of
markable changes, by supposing, that portions of the variable stars.
surface of the stars are covered with large black spots, which,
durtg the diurnal rotation of the star, present themselves un-
der various angles, and thus produce a gradual variation in its
brilliauey.  "These spots have been regarded by some as perma-
neat ; while others are of opinion, that the luminous surface of
the stars 15 subject to perpetual changes, which sometimes in-
crease their hight, and at other times extinguish it. M Mau-
pertuis (Sce Vol. I, p. 312, Note.) hip cxplained these pheno-
mena with less plausibility, by suppogng, that in consequence
ol a rapid rotation about their axces, the stars are reduced to flat
circular planes, like millstones 5 and that the inclination of their
axves may be varied by the attraction oY their surrounding pla-
nets. Iencee, stars of this form will ghpear more or less bril-
hant according to the inclination of thir flat side to the eye of
the observer. The periodical variafon in the light of the stars
has also been aseribed to the intesfiocition of the plancts wlich
oreulatc around thew s but it sy no means probable, that
the ¢ planets, even if they do exis are <ufliciently large to ob-
<tiuct any large portdn of their Jight.  Tiven when scen from
the Earth, the light of our/wn Sun is not sensibly impaired
v hea Mcreury an(l Venyware passing over his disc.

I'he mgenivamMr. ]’]Q()lf has ventured a step far- Pigotes theo-
the s than any of his predeesssors in this branch of © of the v.-

. .. riable star m
wstronomy.  In his isnvestigadon of the phenomena gome br's
eximted by the variable stur of Sobicski’s shield, Sineld.

*the periodical changes of which are affected by very singulnr
anomalies, he supposes, that the greater part of its disc is unen-
li 'htened 5 and that a few luvinous spots, placed at certain in-
tervals, produce, by the rotatien of the star, all the variations
which have becn observed. Mr. Pigott suppoces, that the body
of the <tars is darh «ud colid ; that their rotation on their axes
16 regudor s and hat the surrounding medium is oceasionally
coperating and wheovbing its luminous particles, by a process
stmilar to whau Ie. Thersehel supposes is going on in the at-
‘mosplicre of the fsun.  IIe images, that these luminous par-
ticles are wparingly dispersed in the atinosphere of the variable
star of Sobieski, 1rom the dreum wnce of its diminishing, even
to the §th maguitude ; and as the duration of its full lustre
continues only about 94 days, while it performs a complete ro-
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tation in 62 days, he considers the luminous spots to be some-
what circular, and of no great extent. Since this small portion
of light may naturally be supposed to diminish and finally dis-
appear, Mr. Pigott imagines, that this may have been the cause
of the disappearance of the new stars of 1572 and 1604. Hence,,
he concludes, that there are others which have never shewn a
glimpse of brightness; and that there are ¢ primary invisible
¢ bodies, or uncnlightened stars, that have ever remained in
¢ cternal darkness.” Following out this notion, Mr. Pigott con-
ceives, that clusters of th-se dark bodies may be found, and, by
intercepting ¢ all more (distant rays,” may appear like dark
spaces in the heavens, sinjilar to what has been observed in the
southern hemisphere. .,

The number of starg which are ascertained to be variable,
amounts only 10 155 whle those which are suspected to be va-
riable, amount to 87. With an account of their positions and
variations we shall conclud. this scction.

I. STARS ASCIRT. }NED TO BE VARIABLE.
hed L

1. New Star of 1547 in Cassiopeia.

R. Asc. 1786, 08 18 0”. Dedl. N. &2 58'. Greatest and least
mag. 1—0. DPeriod 150 years.

The period of this star is merely a eonjecture of Keill and
other astronomers. It did not appear at the end of this period ;
but this might arise ftom its having, like other variable stars,
different degrecs of lustre at different periods.

2. o in the Whale.

R. Asc. 1786, 2" 8 33”. Decl. S. 8° 57 25”. Greatest and
Ieast mag. 2—0. YPeriod 334 days.
This period was determined by Cassini. Mr. Goodricke saw
-this star of the 2d magnitude on the 9th August 1782; and on
Dccember 30, 1782, Pigott saw it of the 8.9th magnitude. Dr.
Herschel makes its period 3314 10" 19,

3. Algol, or 8 Perscus.

R. Asc. 1786, 2" 54’ 19”. Decl. N. 40° 6’ 55”. Greatest
and least mag. 2—4. Period 2¢R0" 48’ 58".7.
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., This period was determined by Wurm from 15 years’ obser-
vation. Montanari first observed the variations of this star.
Maraldi, in 1693, could not pcreeive any change in its bright-
naas: bet in 1694, he found that it varied from the second to
tie fowsth maonitude.  Mr., Goodricke of York was the first
wio Gi eovared dts peried, whieh hie fouad to be 2¢ 20" 48’ 567.
He found that 16 beighiness, v iwen at its minimum, is different
e didurent perieds 3 and Pigott is of opinion, that, at its mari-
mem bhrightuess, it i< sometimes more luminous than #, Persei,
and at other times less brilliant.

. 400tk Star in Muyer's Catulogud situaled in the Lion.
R. A e. 1786, 9" 26’ 5”. Decl. N. \2° 25 0. Greatest and
lea-t mag. G—0.

Tlis star was discovered to he varifble by M. Koch. In
Tebruary 1782, he foend No. 119, glud No. 420, of the same
magtitude, and tharefore of the T In April 1783, it ap-
pearcd of the 9th magnitude, and@fn April 1781, of the 10th.
Pivott could never sec this star that it must have disap-
peared.

(4
5. Star in Hydra, as far ;1)/(';;"- as < iswest of 2 i is the

S0t Q;Z(lm of II(i;'l’zy,, ond juolmle the 1st of the Ba-

lance, aecote! egede Mlumsicad.

R Ase. 1 .8(}, 13" 1 4. Deel. N, 229 887, Greatest
and feast mag. 4—0.  Period ¥4 days.

Slaraldi discovered this star to he variable in 1784, aud made
its period tvo years,  According to DPigott, it is of the 4ih
wag situde when at its fuil L hiness, and sufiers no pereeptible
chonpe for about a futight. It takes about sis months to
incraase from the 10th o the {th mageitude, and about the
sanie tine to return to the 16th g hcnco, it m.!_y he regarded as
invivible to the nakad eyve during six mouths. The time of s
increase i one-half’ (huvlwr lh.m the time of 1ts deercase ; and
it does not always rcah the came degree of brightucss,

« 6. New Star of 1604, in the cast_foot of Serpontaries.

R. Asc. 17" 18 0. -ffed. 8. 21° 10 80”. Greatest and
least mag, 1—0.

"This star was scen by Kepler ou the 17th October 1602, and
exhibited almost the same phenomena as that of 1572, Ou the
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8d January 1605 it began to diminish, and it ceased to be vi-
sible on the 18th October 1604, by the approach of the Sun,
and has not even been seen, though Mr. Pigott has examined
that part of the heavens with great care since 17%2. XKcpler
has given a full account of it in his treatisc De St /lu Nova in
_ pede Serpentanii.

7. 8, Lyre.
R. Asc. 18" 42’ 11”. Decl. N. 33°'7 46”. Greatest and least
mag. 3—4.5. Period 64 9h.
The variations and périod of this star were discovered by Mr.
Goodricke.  The period is not accurately ascertained.

8. New Star ¢f 1640, in the Swan’s head.

R. Asc. 19" 38 58”.1 Decl. N. 26° 48 30”. Greatest and least
mag. 3—0. 1

This star was discovered by Don Anthelme on the 20th June
1670. It soon rcachcd th» 8d magnitude, and disappeared,
after several variations, in ; 372, On the 10th Augu-t, it had
decreased to the 5th magnltude, and was observed of the 6th
magnitude by Hevelius, in t. o vears 1671, 1672. Since that
time it has not been scen, thouﬁ“. Pigott believes that he could
have detected it, had it reached esen the 10th or_the 11th
magnitude. Sce PLil. Thans. No. 65.

9. », Antinoi.

R. Asc. 19" 41" 34”. Decl. N. 0° 28’ 14”.  Greatest and least
mag. 3.4—5. Period 7¢ 4" 15",

The variations and period of this star were discovered by Pi-
gott. It continucs 40 hours at its greatest brightrnss, 80 at its
least, 66 on its decrease, and 36 on its increase. Its maximum
and minimum brightness scem to be uniform.

10. » in the Swan’s nech.

R. Acc. 190 42 217, Decl. N. 32° 22 58”. Greatest and least
mag. 5—0. Period 396¢ 21",

The variation of this star was discovered by Kirch in 1686.
Maraldi Cassini and M. Le Gentil made its period 405 days,
from which circumstance Pigott concludes that its period is
variable. According to Pigott, it contirues a fortnight at its
full brightness. It takes about 8} months in increasing from
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the 11th magnitude to its maximum brightness, and in decreas-
ing to the 11th magnitude again. Hence it may be regarded
as invisible for six months. When at its greatest brightness,
it is sometimes of the 5th, and at other times of the 7th mag-
nitude.

11. Near v, in the Swan’s breast.

R. Asc. 209’ 54”. Decl. N.37°22 37", Greatest and least
mag. 3—0. Period 18 yecars.

This star was observed by Jansonius and Kepler in 1600.
From the observations made in the 1" th century, Pigott con-
cludes that it continues about five yc."rs at its full brightness ;
that it decreases rapidly during two years; that it is invisible
to the naked eye during four years ; and that it increases slowly
during seven years. At the end of the year 1668 it was at its
mmimum brightness.  From Novemlgfr 1781 to 1786 Pigott
always saw it of the 6th magnitude, fhough he suspeets that in
1785-1786 it had rather deereased

12. 3, Cfhei.

R. Asc. 22" 21’ 0”. Decl. N. #° 20’ 0”. Greatest and least
mag. 4.3—4.5. Period 5¢ 8"

The variation and pcriod/f this star werc discovered by Mr.
Goodhitke, and the periotl which he found has been confirmed
by Mr. Pigott’s observations. Its variations arc not easily secn
unless at its minimum and maximum brightness.

18. 64. or «, Hercules.
R. Asc. 17" 4/ 54”.  Decl. N. 14° 88. Period of variation
607} days
The variation and period of this star were discovered by Dr.
Herschel, by comparing it with « Ophiuchi.

14. 4 Star in Sobicski’s Shicld, having ncarly the same right
ascension as the Star 1, and situated about a degrce further
south.

R. Asc. in 1796, 18> 86’ 38”. Dccl. S. 5° 56'. Greatest
and least mag. 5—7.8. FPeriod 62 days.

The period and variations of this star were discovered by
Mr. Pigott, who has endeavoured to exhibit, in the following
Table, the result of two sets of observations, made at diffcrent
periods.
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O'wersations {Stcacedine ob Mem e ults

ot 1790, SETY Wion .
Do, Davs, Dy,
Rotation on its aXityieeeeeeeercreseeenranene ¢ 32} 62—
Duration of brightness at 1ts n«xnvn
without any sensible change,...... ...t 8+ 14 9
Ditto when it does not rcach its ucval -
brightness, coveeeeesneinneieienaneeenanaee, 20— — —
Duration of hrightness at it+ ndinimun
without any percrpable changr,......... 2 9 9
Ditto when it dees not reach 115 usual mi-
TNIMUM, eeasersererssensnsacad cvonesansan 20— —_ —_—
Time employcd in decreasin% from dhe
middle of 1ty maximum to {he middle

o

of its mininnum brigutness,............ 3t an 334
Time employed in iocicaring from the
middle of 1ts minimauw to the middle of

its maximum bn,;htncsb,...\ ceveneasenares 27+ 35 a0
\ Mg, Ma. Mag.
Extreaes of its different dexrec of bright- o4 he 3
ness, with a mean of 1ts udgul vana- 9 or 7.8 G
0

£IONR, veveencensanans srressereieey eeeene

The mean results in the ) ast column are computed propo: -
tionally according 10 the nul\her of observations from which the
results in the preceding colunitei were obtained. -

15. Star in the Northern Crown, 1alied of the sivth »onitude
by Buyer, but omilted in Flumstcad s catalogue.

R. Asc. in 1796, 15" 40’ 11”. Decl. N. 28° 49’ 30”. Great-
est and lcast mag. 6.7—0. Icriod 107 months.

Mr. Pigott suspected this star to be variable in 1783, and
his suspicions were confirmed in the spring of 1795, when it was
invisible.  On the 20th of June of the same year he saw it of
the 9.10 magnitude. In the space of six weeks afterwards, it
had attained its full brightness, the middle time of which was
the 11th August 1795. It was at that time of the 6.7 magni-
tude, and continued so for about three weeks. It then took 8
weeks in decreasing to the 9.10 magnitude, and it disappeared
afew days afterwards. In April 1796, it again appeared. On
the Tth May it reached the 9.10 magnitude, and increased
nearly in a similar manner as on the 20th June 1795. Ina
subsequent period, it exhibited great unsteadiness at its maxi-
mum brightness. It then increased as before, with tolerable
regularity, till it reached the 7.8 magnitude, when it kept wa-
vering between these two magnitudes till August 1797,
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II. 8TARS SUPPOSED TO BE VARIABLE.

1. Hevelius's 6 Cassiopcia.
R. Asc. 0" 23' 16”. Decl. N. 60° 50’. Greatest and lcast
mag. 7—0.
Mr. Pigott obscrved in 1782 that this star was missing ; and
he could not find it in 1783 and 1784.

2. 46, or & Andromeda.

R. Ase. 19 4G6”. Decl. N. 44°2¥. Greatest and least
mag. 4.5—5.0.

According to Mr. Pigott, thisstar was, in 1784 and 1785,
less than », equal to », and brighter thand and x. Tt is marked
in his journal as sometimes brighter thhn », and at other times
Jess bright. 46 and ¢ Andromedae ngm to be different stars.

8. Flamstcads 50, r v Andromede.
R. Asc. 1"24/ 16" Decl. N. 4«,’ 20’ 15", Greatest and least
mag. 4.5—0. 7

N
t. Hevclius's 41 Andromeda , “which is probably the same with
Tyeks's 19 Andromede.

Some of the swrs beside the two preceding arc said by Cas-
sini to have disappearcd and reappeared. In 1783, 1784, and
1785, Mr. Pigott observed their brightness to be as in the fol-
Jowing table:—

Flamstead’s 50, of the 4.5 magnitude, and perhaps rather less than ¢ Andromede.
r, of the 5th magnitede, and equal to 46 and 48 Andromedem.

—b } Of the same brightness, and of the 5.6 magnitude.
Hevclius’s 41

A star between Hevelius’s 41 and Flamstead’s 52 is rather
less than the 6th magnitude.

5. Tycho's 20 Ceti, probably x in the Whale's Belly.
R. Asc. 18 39. Decl. S. 13° 20". Greatest and least mag.
5—0.
This star had disappeared in the time of Hevelius. x Ceti
is of thé 4.5 magnitude, and of the same brightness as the three
¥ Aquarii,
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6. Flamstcad's 55 Andromede, marked nebulous in his catalogue.
R. Asc. 1" 40’ 30”. Decl. N. 89° 40’ 8”. Grcatest and least
mag. 6—0.
This star appears nchulous, in consequence of some small
stars which are ncar it, but it is not really so. Pigott and ITe-
velius obscrved it to be a «tar of the 6th magnitude.

7. o, or the 1Tth Eridani, according to Ptolemy and Ulugh
Bt’ig/'l.
R. Asc. 2742, Dccl. S.9°40°.  Greatest and least mag. 4—0.
In 1691 and 1692, Flamstead could not sce this star. In
1782, 1783, and 1781, Pigott observed in this place a star of the
7th magmtude, which did not exhibit any vanation of hright.
ness. Jt always appeared less than two httle stars near and be-
low # Eiridani.

8. Flamstcad's 41 Tauri, the 26th of Ulugh Beigh, and the

48d ) f T'ycho.
R. Asc. 3" 58’ 27", Dec\, N.27<0'89”. Greatestand least
mag. 5—8. 1

This star, which Cassini susy=gted, without much reason, to
be new and variable, was scen by Ulugh Beigh and Tycho.
In 1784 and 1785, Mr. Pigott found i&nf the 5th magnitude,
equal to 3, and brighter than+, P, and xl'auri. Hevelius
malkes it of the 5th, and Flamstead of the 6th magnitude.

9. Star 2° 15" north of 53 Eridani.
R. Asc. 4229, Decl. S.12°30". Greatest and least mag. 4—O0.
Cassini believed that this star was a new one, and was not
visible in 1664. In 1784, Pigott observed it to be less than »
and d, brighter than A, and equal to 4 Eridani.

10. Flamstead's 47 Eridani.
R. Asc. 47 23’ 54”. Decl. S. 8° 41’ 40”. Greatest and least
mag. 4—0.
This star was also supposed by Cassini to be a new one. In
1784, it appeared to Mr. Pigott less than 46 Eridani.

11. v of the Great Dog.
R. Asc. 6* 54’ 5”. Decl. S. 15°19' 86"  Greatest and least
mag. 3—0.
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Tycho, Bayer, Hevelius, and Flamstead, mark this star as of
the 8d magnitude. Tt was invisible in 1670, according to Ma-
raldi and Montavari; but in 1692 and 1693, it appeared of the
i magnitude. Mr. Pigott has observed it frequently sinee
11182, but never pereeived the least variation. It was always of
the ith magmtude, a little brighter than ¢, and decidedly
brighter than . T.a Caille also makes it of the 4th magnitude.

12. Pollux, or g Gemini.

R. Ase. 7 82117 Decl. N.28° 31" 88", Greatest and least
mag. 1—3.

Mr. Pigott observes, that if ecither Castor or Pollux have
varied in lustre, it is probably the latter.  In the years 1783,
1784, and 17853, Pollux was undoubtedly brighter than Castor.
Tevelius makes them both of the 2d magunitude.  Flamstead
makes Castor of the Ist, and Pollux of the 2d magnitudey La
Caille mahes Castor of the 1.2, ang Pollux of the 2.3 magni-
tude, and Bradley makes them bcth of the 1st magnitude.

3
13. & Lc nis. '

R. Asc. 9" 20’ 4”. Decl. N. 12° 14/ 28”. Greatest and least
mag. 5.6—0. ‘

‘T'ycho, Bayer, Flamstead, Maycr, and Bradley, have all
marked this star ot the 4th magnitude. It could scarcely be
seen by Maraldi and Montanari in 1693. In 1783, 1784, and
17835, Pigott saw it always of the 5th magnitude, less than A
. and =, and perhaps rather brighter than % and » Leonis.

14. ¥ Leonis.

R. Asc. 9" 32/ 3", Decl. N.14°59" 36”. Greatest and least
mag. 5.6—0.

"I'his star is said to have disappeared in 1667, when it was
scen.by Montanari. Maraldi observed it in 1691, when, it was
very small.  From 1784 to 1786, Pigott saw it always of the
5.6 magnitude, less than », and brighter than i, Flamstead’s
46th. IIcvelius makes it of the 5th, and Flamstead of the 6th
magnitude. . .
15. 25 Lconis.

R. Asc. 9" 46’ 8", Decl. N. 12° 20" 86”. Greatest and least
mag. 6.7—0.
VOL. I1. s
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In 1783, Mr. Pigott discovered that this star was missing.
He could not see it in 1784 and 1785.

16. Bayér's i Leonis, and Tycho's 16 Leonis.

R. Asc. 9" 52 30”. Decl. N. 15° 30’. Greatest and least
mag. 6—0.

Thit star was invisible in 1709 ; but near its place were per-
ceived eight other stars, to be found in no catalogue. Pigott
could not sce it in 1785. It is not the ¢ Leonis of other cata-
logues.

17. 3 Great Bear. .

R. Asc. 12" 4/ 45”. Decl. N. 58° 13 24.” Greatest and least
mag. 2—4.

This star is marked of the 2d magnitude by Tycho and the
Prince of Ilesse, while Hevelius, La Caille, and Bradley, mark
it of the 8d. From 1784 to 1786, it appeared to Pigott as
a bright 4th magnitude, .ather less than 4 equal to «, and
rather brighter than x Draconis. Flamstcad marks it of the 2.3
magnitude. )

18.'n Virginis.

R. Asc. 1207 43", Decl. 11 0° 24’ 16”. Greatest and }east
mag. 6—0. .

This star, which is not in the charts of Bayer, was observed
by Ricciolus. Flamstead could not sec it ou the 27th of Ja-
nuary 1680, though he must have observed it on the 12th May
1677, and some years afterwards, as it is in his catalogue. Mr.
Pigott cxamined it frequently in 1784 and 1785 ; but it always
appearud of the 6th magnitude, less than ¢, and rather brighter
than a star three degrees lower, in a right line with ¢ and »
Virginis. Flamstead_makes it of the 6th, and Bradley of the
5th magnitude.

19. Bayer’s Star of the 6th magnitud., 1° south of v Virgin.
R. A<c. 12" 58" Decl. S. 10°. Greatest and least mag. 6—0.
This star is the most southern of the two, x and ¢, which are

placed under the south hand of the Virgin by Bayer and Flam-
stend. Maraldi could not see it, ai] Pigott looked for it in
vain in May 1785.

' 2). Star inlthe Virgin's northern Thigh.
R. Asc. 13229 4. _Decl S. 0°30". Greatest and least mag. 6—0.
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Ricciolus marks this star as of the 6th magnitude. Maraldi
could not sec it in 1709, and Pigott could not see it in 1785.

21. 91 or 92 Virginis.

R. A-c. 13" 13’ 43", Decl. N. 2°5'50”. Greatest and least
mag. 6—0.

In 1785, Pigott found one of these stars missing, which he
supposed to he the Y1, The remaining one is of the 6.7 mag-
nitude.

22. « Draconis.

R. Asc. 13" 58 36”. Decl. N. 65° 24’ 8”. Greatest and least
mag. 2—A4.

This star is at present only of the 4th magnitude, though
Hevelius, Flamstead, and Bradley, mark it of the 3d. Mr.
Pigott and Dr. Herschel both suppose it to be variable. The
tormer, however, examined it frequently between October 1782
and 1786, but never perceived any change in its lustre. It was
less thin « Draconis, equal to 3 of the Great Bear, and rather
brighter than x Draconis. La Caille marks it of the 8d mag-
nitude,

Q3. Baycr’s Star in the West Scalcs of Libra.

R. Asc. 14" 53' 30~  Decl. S. 18° 26". Greatest and least
mag. 4—17.

Maraldi could not find this star, and Pigott looked for it in
vain in 1784 and 1785. In this place there are several small
stars, of about the 8th magnitude, none of which, according to
Pigott, are near as bright as the 2d » Libree.

.

24. Ptolemy and Ulugh Beigh's No. 6 of the unformed Stars
in Libra.

" R. Asc. 15" 20'+. Decl. S. 20° 30". Greatest and least mag,

4-—7.

Though this star is marked of the 4th magnitude, it does
not appear in any modern catalogue. In 1785, Mr. Pigott
frequently observed a star of the 7th magnitude very near its
place, rather less than' Flamstead’s 41.

25. x Librer.
R. Asc. 15" 29 839", Decl. S. 19° 58’ 27”. Greatest and least
mag. 4—35.
Tycho and Bayer mark this star as of the 4th magnitude



260 ON THE FIXED STARS. CH. XI.

Hevelius says that it had disappeared. During the years 1783,
1784, and 1785, Pigott found it always oféthe 5th magnitude,
less than 4 or ¢, equal to 2, and brighter than ». Flamstead
marks it of the 4th magnitude.

26. Tycho's 11 Libre.

R. Asc. 15" 37/ 80”. Decl. 8. 19° 30. Greatest and least
mag. 4—0.

Hevelius and Pigott could not find this star. 'The latter
thinks that it never existed, and that it is the =, with an crror
of 2° in longitude. :

27. 83 Serpentis.

R. Asc. 15" 38" Decl. N. 17°14. Greatest and least mag.
6—0.

In 1784, Pigott found that this star was missing, and he
could not see it in 1765, with a night-glass.

28. Baycr's Star, near s of the’ Great Bear.
R Asec. 16" 15. Decl. N. 82°45. Greatest and least mag.
6—0.
This star could not be seen by Cassini. Pigott found no star
near the ¢ brighter than the 7.8th magmtude.

29. p, or Ptolemy and Ulugh Bcigl's 14th of QOphiuchus, or
Flamsicad's 36th.

R Asc. 17" 2 14", Decl. S. 26° 15’ 37”. Greatest and loast
mag 4—0.

"I'his star is said to have disappeared before 1695. Ilevelius
could not find it. In 1784 and 1785, Pigott saw it of the 1.5
magnitude, much brighter than 39, rather brighter than 51
and 58, and less than 44. On the 30th Junc 1783, Pigott
marhed it in his journal as equal to 39, and less than 51 and 58.

30. Piolemy’s 18th Ophiuchi.
R. Asc. 1™ 184. Decl. S. 20° 85. Greatest and least
mag. 4—0.
81. Ptolemy’s 18w Ophiuchi.
R. Asc. 17* 22. Decl. S. 24° 10".  Greagest and least mag.
5—0.
The two preceding stars seem to have disappearcd. Mr.
" Pigott, however, thinks that the 13th Ophiuchi is Flamgtead’s
40th, and that the 18th Ophiuchi should be marked with north,
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instead of south, latitude, which would make lt coincide nearly
with Flamstead’s 58th.

32. ¢ Sagittarir‘.

R. Asc. 18" 42, Decl. 8. 26° 32 34”. Greatest and least
mag. 2—4.

Dr. Herschel and Mr. Pigott agrec in thinking this star va-
riable. In 1783, 1784, and 1785, Pigott observed it of the
2.3 magnitude, and brighter than = Sagittarii. Hevelius makes
it of the 4th, and La Caille of the 2.2 magnitude,_

88. ¢ Serpentis.

R. Asc. 18" 45 35”. Decl. N. 3° 5G' 36”. Greatest and least
mag. 4-—5.

I'ycho, Baver, Hevelius, and Flamstead, observed this star
to be of the 8d magnitude. Montanari saw it of the 5th, and
found it to increase in the following ycar. In 1783, 1784,
and 1785, Pigott observed it frequently without perceiving any
change in its lustre. It was always of the 4th magnitude, less
than 3 Aquilae, and . Ophiuchi.  La Caille makes it of the
4.3 magnitude. .

- 34. Twcho's 27 Capricorni.
R. Asc. 217 417 0”. Deel. S. 14° 28’ 0”.  Greatest and least
mag. 6—0.
"T'his star could not be seen by ITevelius, nor by Pigott in
, 1778, 1782, and 1784, with his transit instrument.

85. Tycho's 22 Andromedwr, at the end of the chain.
R. Asc. 21" 48 30”. Decl. N. 49° 15, Greatest and lcast
mag. 40,
Cassini observes that this star was grown so small, that it
could scarcely be scen. It should be near the two = Cygui,
but Pigott could find no star in this place in 1784 and 1785.

36. Tycho's 19th Aquarii.

R. Asc. 22" 25. Decl. 8. 15°55'0". Greatest and least
mag. 6—0.

IIevdlius remarks that this star was missing, and that Flam-
stead could not sce it with his naked eye. Pigott, who could
not see it in 1782, is confident that it is the same as Flamstead's
56th, marked f'by Bayer, from which it is only 13° distant.
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37. o Andromeda.
R. Asc. 22" 52 6”. Decl. N. 41° 10’ 45". Greatest and least

mag. 4—6.

According to Pigott, this star is less than « Cephei, cqual to
¢ Cassiopeiee, or perhaps rather brighter than 1t, and brighter
than 2, » or + Andromedz.

88. La Caill’s 483 Aquarii.
R. Asc. 22" 55 40”. Dccl. S. 8° 50’ 45+, Greatest and least

mag. 7T—0.
Mr. Pigott found this star mssing 1n 1778, and he could not

see it in 1783 or 1784

Stars sup The following 13 stars are ranked by Dr. Iler-
posed T.

Hencth 1o schel among those that are lost, or have undergone
be lost. some great chantw

80 and 81 Hercules.
These stars, though of the 4th magnitude in Flamstead®s ca
talogue, are not to be found.

71 Hercules.
This star is of the 5th magnitude in Flamstead’s cataloguc,

but scems to be lost.

55 Hercules.
This star, which Dr. Herschel saw on the 12th Apnl 1782,

1s now lost.
56 Cancer.

This star has vanished, though it 1s of the 6th magmtudec.
There is a telescopic star near its place.

19 Pcrseus.
This star of the 6th magnitude is lost.

108 Pisces.
This star of the 6th magnitude, near the head of Aries, is

lost.
%3 and Y4 Cancer.

These two stars of the 6th magnitude, in the southern claw
of the Crab, are cither lost, or have suffered such great changes

that they can no longer be found.
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8 Hydrae.

This star is lost. A star just by it may be the 81st Uni-
corn. If this last should be the 8th Hydre, and a small star
near it the 81st Unicorn, their magnitudes and places have un-
dergone a great change.

26 Cancer.
This star is lost.
62 Orion.

This star is lost, and a star ncar the 54th and 5lst is not
noticed by Flamstead.
34 Berenicc's Huair,
This star of the 5th magnitude is lost.

19 Bgrenicc's Hair.
This star is cither lost, or has moved and changed its mag-
nitude.

The following stars are ranked by Dr. Herschel Stars which

. . . Dr. Herschd
among those that have changed their magnitude since ,‘,;,Pom o
the time of Flamstead. have changed
. their magni-
tude.

« Draconis is much less than g, though Flamstead makes it
smaller.

« C'eti is much less than g Ceti, though Flamstead makes the
former of the second, and the latter of the 8d magnitude.

% Serpentis is less than #, though Flamstcad makes them of
the same magnitude. *

a in the Swan is brighter than yx.

The 2 of the Great Bear is of the 5th, and not of the Gth
magnitude.

» Bootes is much larger than .

+ Dolphin is much larger than ».

A "Triangle is much larger than «.

v Eagle is larger than 8. ___

« Sagittarius 1s larger than 2, , and ¢, though marked as
smaller.

5 of the Great Dog is larger than g.

» Serpent is much larger than ¢,

x Scrpentarius is larger than and «.

# of the Little ITorse is less than .
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 Dolphm is larger than .

¢ Bootes is larger than ¢,

3 in the Arrow is larger than « and 8.

3 m the Great Bear 15 less than «, 4, or 2. It is only of the
4th magnitude, wlnle these three are at least of the 2.5,

« Great Bear 1s much less than any other star maiked, like
it, of’ the 1.2 magmtude.

The 1+t and 2d Iydre arc only of the 8th or 9th magnitude,
instead of the 1th, as they aic marked by Flamstead.

v Lyree is much larger than 8.

The 81st and 84th of the Dragon have changed greatly.
"The 31+t has increascd from the 7th to the 4th, and the Bith
has dunmirished fiom the 4.5 to the 6.7 magmtude.

44 Cancer is only ol the 8.9th, mstead of the 6th magnitude

96 Taurr 15 of the 8th, rather than of the Gth, marmtude.

62 Aries 1s of the 5th, and not ofathe Gth, magmtude.

12 and 14 Lyns are just the 1evesse of what 'lancrtead has
mede them, the one having changed fiom the Sth to the Ttl,
ar 1 the other from the "ith to the 5th, magmtode

38 L a cus, instead of the 6th, 1s equal to ¢ and « of the 4th,
magutude.

¢ Petseus is Ioss than .

o Unicorn 15 less than 56 Orion, though the former should be
of the 4th, and the latter of the 6th, magnitude

23 Genuni, though of the 5th, is less than the 21st of the
6.7 magmtude.

26 Ouion is eitlier loct, or has diminished greatly in magnitade

% Lion 1s less than the 5th, though Flamstead makes it of the

Ath, magnitude. .

Stars that The following stars are marhed by Dr. Heischel

have recentl
become m,f as among the stars that have recently becomic vi-

ble. sible.
A star in the (nd of the Lizard’s Tail, of the 4.5 magnitude,
1s not recorded by Flamstead, though he notices the 1st of the

Lazard. .
The star of the 8th magnitude, following » Perscus, is pro-

bably new.
A star ncar the Iead of Cepheus is not given by Flamnstcad.

A considerable star, in a direction from the 68th to the 61st
Gemini, 15 not 1n Ilamstead’s catalogue.
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A star of considerable brightness, preceding the 1st of the
Little ITorse, is not given by Flamstead.

A considerable star, {ollowing the 1st of the Sextant, and
another {ollowing the 7th, are not in Flamstead’s mta,logue

A remar kablc star between 8 and ¢ Hydra, is not given by
Flamstead.

A star nearly 1° 30’ north f()llo“mﬂ' ) Hcrculcs, in the direc-
tion of' 3 and », and of the 4.5 magmtudc, is not given by Flam-
stead.

About 3" south preceding y Bootes, is a star of the 6th mag-
nitude ; and south preceding 2, is another of the same size, not
obeerved by Flamstead.?

IIT. ON SINGLY, OR INSULATED »1 Ans.t .

By the name of insulated stars, Dr. ITerschel denotes those
celestial bodies which are in a great degree out of the reach of
the attractive foree of other stars, such as our Sun, Arcturus,
Capella, Tara, Sirins, Canopus, Markab Bdletrin, Menhor,
Shedir, Algorah, Propus, and probably many others. It i3
ohvious that no two stars in the universe can be altogether out
of the sphere of cach other’s attraction ; but in the case of Sirius
and our Sun, wigich, upon the supposition that their masses are
equal, and that the former has a parallax of 17, would take 83
wilfions of years to fall to one another by their mutual action,
we are entitled to say that they are insulated.  Insulated stars’
are comsidered by Dr. IHerschel as the centres of extensive pla-
netary systems like our own 5 anopinion which he deduces from
analogy, and from the nature of other sidereal combinations.
Instead of supposing, therefore, as has generally been done,
that every star in the firmament is encircled with pianets, satel-
lites, and comets, Dr. Ilerschel believes that the insulated stars
alone are surroundcd with such numerous attendants.

1V. OF DOUBLE STARS, OR BINARY SIDEKLAL SYSTTMS.
-

. -—

A bm-;rv sidereal system, or a double star properly On double
S0 uﬂlcd is formed by two stars situated so ncar Mar

-
*

3 Sce Plil. Trans. 1783, vol. Ixxid, p. 247, &c.
4 In the remaining articles of this Chapter, we have followed the classification

adopted by Dr. Haschel.
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cach other, as to be kept together by their mutual gravitation.
The two bodies may revolve round their common centre of gra-
vity in circles, or in similar ellipses, the dimensions of their or-
bits being proportional to their relative quantities of matter.

T'wo stars may liave the appearance of a double star, though
they do not form a binary system, when the one is situated at
an mminense distance behind the other, but a little on one side of
the hne m which we see the first.  They are in this case out of
the reach of onc another’s attraction, though in the heavens they
appear {o be sontiguous.

Dr. Her-chel has shewn, that no two insulated stars can ap-
pear double to us, and that there are very many chances against
the supposition that the great number of double stars which
he has discovered, should only appear to be double in conse-
quence of the one being situated at a great distance behind the
other, gnd out of the sphere of its attraction. Ilence, he ¢on-
cludes, that as casual situations will’ not account for the numer-
ous phenomena of double stars, their existence must be owing
to their mutual gravitation.

This interesting conclusion, however, is not founded merely
on probabilitics.  From a series of observations on double stars,
Dr. Herschel has actually found that they have changed their
situations with regard to each other ;—that thegne performs a
revolution round the other, and that the motioh of some of
them is direet, while that of others is 1ctrograde.

From the motion of our Sun in absolute space, it is natural
to suppose that it performs a revolution round some distant
centre; but Dr. Ierschel believes that the Sun does not belong
to any binary system, and that its progressive motion is owing
to some perturbations arising from the proper motion of neigh-
bouring stars and systems.

Yrom a <cries of observations made during a period of 25
years, Dr. Herschel has found that in more than 50 of the
double stars there is a change either in the distance of the two
stars or n the angle that a line joining them forms with the di-
rection of their daily motion, which he calls the angle ofposition.
A few only of these interesting observations have been pub-
lished. They relate to six double stars, viz. « Geminorum, o
Leonis, ¢ Bootes, £ Herculis, 3 Serpentis, and y Virginis.

Custor.—Castor, or « Geminorum, wasobserved by Dr. Her-
schel from the ycar 1778 to the ycar 1803. Ic never could
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perceive any variation in the distance of the two stars, which
was unitormly 17 of the diameter of the large one. Sce Plate VI,
Sup. ¥ig 2. In the angle of position, however, a remarkable
change had taken place. In the year 1779, November 5th, it
was 32° 17" N. preceding,® and on March 27th 1603, it had dimi-
aished 1o 10° 557, which was a decrease of 21° 54/, in the space
of 23 years and 112 days. From the measures of this angle,
taken at intermediate times, it appears that the angle of position
has suffered an irregular and gradual diminution.  In the year
1759 Dr. Bradley had observed that the line joining the two stars
whch form Castor was, at all times of the year, parallel to the
line joining Castor and Pollux, and Dr. Maskelyne had verified
this result in 1760 or 1761. By this observation, Dr. Herschicl
has obtained an addition of 20 ycars to the period, and has found
that the angle of position must then have been 56° 32° N. pre-
ceding. Hence, in the space of 48 years 142 days, the angle of
position has diminished 45°39"; and, from the regularity of its
decrease, it is highly probuble that the orbits in which the two
stars move round their common centre of gravity are nearly
circular, and at right 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 nearly 342 years and 2 months ina
retroarade direction. .
v Leonis—~The distance of the two stars which compose the
double star of y J.conis, has undergone a decided change from
February 16th 1782 to March 26th 1803.  ¥rom an immense
number of observations, it appears that the two stars were, in
1803, onc half of a diameter of the small one farther asunder
than they were in 1782, when the interval was } a diameter of'
the small star, with a power of 2010. The (hamc_t(.ra of the
two stars were as 3 to 4. The angle of position, on the 16th
February 1782, was 7° 37 north following, and on the R6th
March 1808 it had diminished to 6° 21’ south following. From
the interval between the two stars, the ratio of their diameters,
and the variation in the angle of position, Dr. Herscliel has
_ found that the apparent orbit of the small star is clliptical, and

5 North preecding signifies that the smaller star is north of the larger one, and
preoedes it in their diurnal motion ; and north following denctes that the one Is north
of the othcr, and follows it in their diurnal motion.  South preceding and south fol-
lowing indicate the same thing, with this differencc only, that the small stur is south
of the other. )
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that it performs a whole revolution in about 1200 years, in a re-
trograde direetion.

 Bootes.—The beautiful double star of s Bootes is composod
of two stais, one of which is of a light red, and the other of a fine
blue colour, having the appearance of “a planet and its satellite.
With a power of 460, and an aperturc of 6.3 inches, the dis-
tance between the twé stars in 1781 was 1}, the diameter of
the large star, and in 1808 thé interval had increased to 17 of
that diameter. The ratio of the size .of the starsis as 8 to
2. On the 81st of August 1780, the angle of position was
32° 1% north preceding, and on the 16th March 1803, it bad
increased to 44° 52/, which is a change of 12° 84’ in the space
ot 22 years and 207 days. From these facts, Dr. Herschel
concludes that the orbit of the small star is elliptical, and per-
forms its .revolufion, according to the order of the signs, in
1681 years.

¢ Hcreules.—The double star £ ITercules is composed of a
greater and a lesser star, the former of which is of a beautiful
blui h white, and tRe latter of a fine ash colour. On the 18th
of July 1782, the interval between the two stars was one half
the diumeter of fhe smaller one, with a power of 460.  On the
21st July of the same year their distance remained the sanic,
but with a power of 987 ; they weie one full diameter of the
small star asunder. In 1795, Dr. ITerschel found it difficult
to perccive the small star. In the month of October 1795,
however, he saw it distinctly, with a power of 460. Tn 1802,
he could no longer perceive the small star 5 but.in a clear night |
in September of that ycar, with a power of 460, the apparent
disc of  1Tercules seemed to be alittle leugthened in one direc-
tion. With the ten fect telescope, and a power of 600, it had
the appearance of a lengthened or rather wedge-formed star.
With a power of £140, he again examined it on the 11th of
April 1803, and found the disc a little distorted ; but he was
convinced that not more than three-cighths of the apparent
diameter of the small star was wanting to a complete occulta-
tion. The angle of position,.on the 21st July 1782, was 20° 42
north following. -

3 Serpentis.—'The double star of ¥ Serpentis has, like s Bootes,
undergone a considerable change in the angle of position, with-
out any ‘ariation in the dlstanu. between the two sfars. On
the 5th of Scptember 1782 the angle of position was A48



CH. XI. ON THE FIXED STARS. 269

south preceding ; and on the 7th February 1802 it was 61° 27
south preceding, having sustained a diminution of 18° 39’ in
the space o' 19 years and 155 days. Hence the period of a
complete revolution of the smaller star will be about 375 years.

v Virginis—"The double star of y Virginis, which has long
been known to astronomers, is composed of two stars, which
Dr. ITerschel at first considered as nearly equal, though he has
since ascertained that the once is a little Jarger than the other.
Their distance, which is about 2} diameters, has continued
the <ame for 21 years, while the angle of position has varied
('onsxdcmbl) On the 21t November 1781, the angle of po-
sition was 40° 44 south following, or rathér north preceding,
since the other star was afterwards found to be the smaller
of the two; and on the 15th of April 1803, the angle of po-
sition was 80° 20" north preceding, having suffered a diminu-
tion of 10" 24’ in 21 years and 145 days. From an observa-
tion of Mayer’s, however, in 1756, Dr. Herschel has found the
angle of position for that ycar to be 54° 21’ 37” north prece-
ding, which gives a motion of 24° 2’ in 47 years and 105 days.
Ilence he concludes that a complete revolution is performed in
about 708 years.

M. Bessel of Konigsberg, who has recently attended £ the
motiont of double stars, has concluded ¢ that the double stars
form a particular systgm by themselves, Several stars of this
kind, by their common motxon, shew a mutual dcpendence but
the one most worthy of being remarked is the star in the Swan
(Sce Dr. Herschel’s 4th class, in the following Table), which is
the Glst in the catalogue of Flamstead. This double star has a
great veloeity. It is evident that the two stars are held toge-
ther by their mutual attraction ; and that during 60 years they
have deseribed a considerable part of their orbit round their
common centre of gravity.” In confirmation of these views, M.
Bessel (Journal of Gotha, August 1812, p. 141, September
1812, p. 295) adduces the observations of Hevelius, Flamstead,
Bradley, Herschel, Agelet, Talande, and Piazzi. The longi-
tude of the star for 1800 he maks »=814° 20 5”.88, and its lati-
‘tude 87° 46 307 27 N.  The proper dnnual motion in longi-
tude being 5”.0683, and in latitude 87.3580. Ilc supposes its
time of revolytion to be about 400 ycars; the half of its greater
axis 25”9 ; and the annual parallax 0”.46. In these results
neither the observations of Hevelius nor Piazzi are included,
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because the former are too uncertain, and the latter too modern.
By including Piazzi’s observations, he obtains for the two stars—

Longitude. N. Latitude.
1803, 314° 32’ 28".5 37 47 5476
314 32 46 5 87T 4T 575
Proper motion, + 571750 + 3".2657

Sce De Lambve's Astronomie, vol. iii, p. 198.

. Having thus given an account of some of the prin- 5,
cipal revolutions of double stars, we shall now lay the Cata.
before our readers a complete catalogue of double %;ﬁ“g;ﬁ?““‘
stars, containing the angle of position, the distance
of the stars, their colour, and their relative magnitudes, ac cord-
ing to the obscrvations of Dr. Herschel.

Dr. Ilerschel has divided double stars into six classes. In
the first class he has placed all those that require a very supe-
rior telescope, and the most favourable circumstances, to be
distinctly seecn. In order to perceive the most minute of the se
delicate objects, such as » of the North Crown, Dr. Ilerschel
advises that the telescope should be first directed to « Gemini,
or to { Aquarius, g Dragon, ¢ Hercules, « DPisces, or s Lyra,
that the cye may be accustomed to this class of objects. The
telescope should next be turned to £ in the Great Bear, to the
treble star in the Unicorn’s right fore-foot, to 2 Bootes, which
is a finc miniature of « Gemini, to the star preceding « Orion, -
to » Orion, and then to 2 in the North Crown. All these Dr.
Herschel has observed with a power of 227. When the stars
are of unequal magnitudes, he recommends them to be exa-
mined in the following order: « Hercules, » Auriga,  Gemini,
% Swan, s Perseus, & Dragon, and then the beautiful star s
Bootes. The second class of double stars contajns those in
which the two stars are so near each other, that their distance
may be cstimated by the eye, in diameters of either of the stars.
The ¢hird class contains 4il those in which the two stars are
more than 5" but less than 15”, asunder. The stars in this
class may be seen by tclescopes that magnify from 40, to 100
times, and should be observed in the following order: ¢ Great
Bear, ¥ Dolphin, = Bootes, ¥ Virgin, : Cassiopeize, and » Swan.
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The_fourth class contains those stars whose distance is from 15”
to 30”. The fifth class contains those whose distance is from
30” to 1'; and the siath class those whose distance is from
1’ to 2, or more.

In order to perceive the closest of the double stars, Dr. Hes-
schel advises that the power of the telescope should be adjusted
upon a star known to be single, of nearly the same altitude,
magnitude, and colour, with the double star which is to be ob-
served, or upon one star above and another below it. Thus
Mr. Aubert could not see the two stars of y Leonis, when the
focus was adjusted upon that star itself; but he soon observed
the small star, after he had adjusted the focus upon Regulus.

In the following Table, N P; S P; N F; S F; stand
for North Preceding, South Preceding, North Following, South
Following. L stands for the larger of the two stars, and S for
smaller. In column 5th, V. signifies very unequal ; . slightly
unequal ; E. extremely unequal ; Ex. excessively unequal; C.
considerably unequal ; P. pretty unequal ; Ejg. cqual.

The following Table ¢ontains an account only of the prin-
cipal stars in Dr. Herschel’s catalogue, as the limitssof this
work would not permit us to give the whole of them. In the
next Table, however, we have in some measure supplied this
defect, by giving the positions of all those that have been
omitted in Table I ; so that, with a little trouble, the practical

, astronomer may find them in the heavens.
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Tasre I—Containing a Description of the principal Double Stars
in Dr. Herscuer's Catalogue.

Firer CrLass.

Eg Names of the Con- gg hl‘u‘;llﬁ:gill:(\mt::? " Distance brtwoeen
“;',' steil atioms 1 which ;? line Jommy the | the Stas, and Colour of the St 15,
==] they arepleced. | S8/ Stvand the prof  1.lstive Mag- L.denotmigthe 11 41 md 5. the
¢é = 211l ot Deejgna nitude. smaller of the twa.
"y - = tion.
36 [Bootes ¢ (31° 54 N.Pf11dia.L. V. |L. reddich, S. blue.
58|Great Bear | £ |53 47 S.FJ2 S. |[Both white and bright.
8|Cassiopeia | o (66 28 NPi V. |L.reddish wh. 8. dusky.
39 {Dragon b77 8 N.Fj3 E. [L. white, S. reddish.
63|Dragon s 63 14 N.Pf1 E. |L. white, S. dusky.
59)Serpent d "1t 83 N.PJs V. |L.reddish white, S. blue.
14 |Bootes i 29 54 N.IJl S, C. (Both white.
2 Northern } 259 19 NFl 8. [Both whitish.
33|Orion n |60 55 NF[1 S,  C. [L. white, S. bluish white.
Two nearest
32|Orion A 52 10 8. P} C. [I.. white, S. rosy white.
2|Lion w [20 54 S.F.|In cont. C. (Both red.
41 [Lion v| 5 24 NFJLS. P. |L. white, S. reddish white.
40 {Hercules £ 20 42 N.F.( V. |L. white, S. ash colour.
11 [Hercules 2150 48 S.F.|1 C. |Both reddish.
star N. & Fol
13 [Serpent d |12 48 S. P} 8.  C. L. white, S. greyish.
81|Virgo 41 12 N.F[} Eq.
49 |Serpent 21 33 N.P.3. S.
10(Ophinchus | a {14 30 N.F{{ S.  C. |L. white, S. blue.
52 |Eagle # (34 24 S.F[} S.
18(Swan o (18 21 N.F|} V. |L. white, S. reddish.
Scconp Crass.
06 g:;‘;;_“ } « |32° 47" N.PJ1 S.or 5” 8. |Both white.
64 Hercules « |30 85 S.Fl13or4”.6 V. |L. red, S. bluish green.
74 |Hercules e [30 21 NPj1lor3 DP. [Both white.
70 Serpentarius [ p | 9 14 S.FJ13 C. |L. white, S. reddish.
55|Aquarius |71 39 N.F.|1]or4.6Eq|Both white. -
7 Northern . . .
Crown z {25 51 N.P.8 or5.5C. |L. white, S. reddish white.
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39|Orion A [¢5° 14" N.FJ1or578C. |L, white, S. pale rpse.
9 4 N.F.
L]
Last|Pisces « |67 238 N.P.2 or5.1C. [Both white.
21{Dragon © |37 88 S.P.f1}or4 .4 Eq/Both white. .
4{Auriga « |82 37 N.P.J2 V. |L. white, S. red.
24(Swan v (89 82 N.Pj1} E, |L. white, S. red.
17/Cepheus £ |20 18 N.Pj2 or5 C. [L.reddishwhite, S. dusky
] grey.
37|Bootes £ |65 53 N.F.|tlor3.47. |L.red, S. red.
5iSerpentarius | g |82 10 S. P14 P. |Both white.
LastLibra 3 1set |2 orG.4¥. |L. fine white.
1 28 N.F.
45Perseus s 81 28 S.F.]2 E. |L. white, S. dusky.
52/Swan k [28 17 N.F.je} E. |L.reddish white, S. dusky
' and faint.
55/Gemini 2 [85 51 S. P2} E. |L. reddish white, S. redd.
8{Arrow ¢ [84 10 N.Pajor5.5 K.
19/Orion 6168 12 S.P  6.5E. (L. white, S. reddish.
6|Triangle JQ‘ 4 28 N.F.1} V. {L. pale red, S. bluish red,
23|Cancer 56 42 N.F.2 §. [Both reddish white.
24{Cancer 1482 9 N.Ff14 C. [Both pale red.-
84/Virgo ¢« 29 5 S.PJed E. |L.reddish white, S. dusky|
3{Berenice’s }| k7 aespl  C L reddish wh.S. pale red
38|Pisces e5 8 S.PJ2  P. [Both pale red.
11 [Capricornus 84 0 S.Fj1} , ¥. [Bothreddish white. |
;
18(Lynx, the )
most south~
ern, 1}° 8. +1 ¢ (11 0 S.P)2}rearlyEq. pale red.
towards 8 .
Gemini. .
118{Taurus 77 15 dor5 S. |L.white, S. reddish white.
17|Hydra, the .
largest of 0p Onerthi2} 8. white.
two . ¥
39|Bootes * 38 20 ,N.F.1} 8. pale red.
65[Pisces 30 57 N.P.linearlyEq.Both pale red.
49/Swan tSI 48 N.F.|14 % L. red, S. blaish red.

YOL. If.
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1 cer
89|Serpentarius
| 95{Hercules
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56° 46’ S. F.
27 56 N.F,

10 37 S.F,
17 87 N.F,
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6
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5
4
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5.8
g.5

14.2 &

C.

7
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SEERR

HO®ON

=

IRShE

Eq.
E.
E.
E.
C.
V.
E.
C.

7.2 V.
2 2 F.
. .]Just vis. Eq.[L. white, S. ared point.

F. |L. fine whate, S. fine gar-

.|Preceding white, follow-

L. white, S. rosy white.

net.

L. white, S. bluish red.
L.reddish white, S. green-
ash blue.

L. bluish white, S. garnet.
L. whitish red, S. red.
L. white, . reddish white.

Both white.

L. white, S. dusky.

L. white, S. bluish.
Both white.

L. white, S. dusky red.
Both white.

Both pale red.
L. white, S. bluish.

ing bluish white.
L. bright white, S.greyish
white.

Preceding reddish white,
following white.
L. reddish white, S. red.

L. reddish white, S. red.

L.reddish white, $.dusky.
L. reddish wh. S. palered-
L. reddish whate, 8. red.
L. white, 8. red.

L. fine ‘white, S. red.

L. white, S. rAeddinh grey.

L. yeddish white, S. bluiahr
white.
L. whitish red, S. red.

red, S. bluish.
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117|Taurus 52° 27’ S.FJ12.2  Eq.|Both reddish white.
17|Cup 27 S.Pf9 .8 Eq Both reddish white.
54/Hydra 38 15 S.F.j11 .3 V. |L. white, S. bluish red.
55|Eridanus 14 9 N.Pjg.1 & [L. palered,S. reddmhwh.
3Centaurus | A {22 0 S.'Fji1 6 C. [L.dusky,S. duskg
5/Serpent 300 on 40° Ez.|L. reddish white, S. dusky
N.F. blue.
FourTH CLass.
li‘,i"l';l‘:s.gj” } « |66° 42’ S.P.J17".2 E. |L. white, S. red.
20Lyra » [31 51 S.Pj25 .7 C. |L. white, S. red.
Capricornus | § 25 .0 E.
Paseus 2125 0 N.Pj26 .0 ¥ |[L.red, S.blue.
3%|Aries 87 14 25 .5 C. |I. white, S. dusky.
63/Serpent 9 19 4 Eg.|Both white. “
81(Dragon ¥ 28 .2 P. |L. white, S. pale red.
86|P1sces z I;ze 87 N.F.22 .2 P. |L. white, S. bluish white.
74{P1sces 1480 o0 S.F|22 .5
59{Taurus % 18 .7
17|Swan % 24 .9 V. |L. white, S. dusky red.
91|Aquarius v 23 .1 Uneq,
83Leo 54 55 S.F29 .1 . |Both reddish.
12{Cor Curol1 41 47 S.Pj20 .0 V. [L. white, S. reddish.
61{Swan 36 28 N.F.16 .1 P. |L.red, S. t. k
14/Aunga 37 38 S.P.16 .1 V. |L.reddish wh. S. dusky.
47|Dragon 090 O N. |26 .6 7. |L. palered, 8. dusky red,
600rion 7 |88 25 N.F.25 .0 7. |L. white, S. dusky.
G3|Swan S 1% .2 E. [L. fine white, S. dusky.
45/Swan 2 o 7 28 N.Pf30 .0 C. [L.reddish wh. S. dusky.
o brghen. L. whitish red, S. bluish|
24/Berenice’s . whiti . blui
Temue } s 28 NPf18 4. C. [ ™ »
]
23(Great Bear | 4| 3 14 N.PJig 2 E. L. reddish wh. 8. dusky.
61/Serpentari- [Directly fol-19 .1 8. [L. white, S. grey.
us, near y } lowing.
6/Dolphin (18 0 N.Pfe5.9 E. . .
28/Serpent 6 |3 or 4° S.PJ34 0, { L. white, S. faint. ,
%
7|Lattle Horse | 3 /11 89 N.Ff19 .5 E=. .
giAqmiui P5 0 V- ([h thu, s- du'ky- ’
10{Triangle ] 17 .8 Uneg,
86{Hercules % |80 0 S.Pji8 .0 Ez[L. palish red, S. dusky.
17\Virgo 8 21 NPJjeo.1 C. [L. Whlfs, S. bl\ush
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44\'irgo k |32° 30’ \ ) I’*’ 3 F. L. white, 8. dushy blue.
48{Cancer 139 54 NP29 9 O |Licddish white, & dusky
; Jd1 et
SOGemml x 21 .5 FriL. .rt, S duly.
| 8 1.ibra 44 45 N.FU8 .0 I, jloaed, b blue.
42 Heicules 3 42 8. 121 5 P jLoed, Sorcadish whate
40 L. reddish white, S. pale
and Dragon{ °5 15 8.Pe0 .6 8 |7 ‘& S p
41 red.
77| Pisces 4 48 NFf20 6 8. |L.whitishred, S palered
51|Pisces 0 36 N.F22 .5 V. |L.reddish white, S. dush-
1sh.
12/Capricorn o3 45 S.PJ23 .6 P. [Both reddish white.
13{Cepheus pli7 48 8.Pf21 .1 S, |Lawhite, S, reddish white
rcat Dog 1|  [Veryneardid v |L. reddish white, &. pale]
. y 8.3 (.
Star ] rectly prec. 1cd.
26/Whale 14 36 F.LJ17 .0 T7% |L. reddish white, § daik
: Llue.
28,0rion m|59 33 N.FJ20 .1 ‘C" L. wlate, S. pale red
Taurus 23 15 N.F.l19 .8 J. [L. pale red, S. dusky rcd
27|Ship 69 12 N.P{17 .4 S. |L.white, S. redelich white
Unicorn 15 12 29 .9 K. [L. whitich red, S. dusky.
59 \uriga 0 3 S.PJ23 .5 F. (. reddish winte.
7|Crow d154 0 S.PJ23 .5 I |L. white, S. red.
62|Taurus 21 12 N.P.28 .1 C. [I. white, S. red.
54 Cancer 20 0 S.F.[17 .2 §. |Both reddish white.
lQIQphluchus 3 9 S.Fj20 .4 7. [L. pale red, S. dusky.
29 Camelopard 47 86 S.1'j22 .4 V. |L. pale red, S. dusky.

,59 Andromeda 55 o NJF[15 .2 8. |L.reddish wh.S. pale red
100;Pisces 5 0 NFj15 9 P. IL.palered, S. r«_@__
Firra CLass,

v " .
11|Hercules 3 |72° 28’ SF)33".7 E. [L. white, S. reddish wh.
6 ¢ 62 18 8.Fj42 .0 P. |L. white, S. rosy white.
27lcepheus d 186 28 N.Fs8.8 C. l.reltlidlsh white, S. bluish|
<[ white,
68wan + 8469 28 N.P.39 .5 C. |L. pale red, S. fine blue.
létSnprpio v 79 37 N,F 88 .3 7. [Both white.
£ .
7 Hercules 550 51 NF40 .0 . L. pale red, 3,
1 Bootes 88 10 N.P.g7 .6 /. [L. white, §, dusky.
3¢0rxon a 88 10 N.PJ53 C. |L. white, .S, blmsh red.
“} Dragon 4 19 N.PJ54 .5 8. [Both pale red.
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QAries A 42" O N.Fy36”,7 C. |L. pale red, S. dusky gar-
net. '
16|Great Bear | ¢ |80 47 S.P.j19 V. |L. whitish red, S. dusky.
76/P1sces ¢ |15 28 NP[43 .1 E. |L. pale red, S. dusky red.
18[Cassiopera | « K0 55 N.P'52 .8 *E. |L. pale red, S. dusky.
20{Her cules + 119 50 5.P!l1t .8  E. |L. reddish winte, S. red.
1|Pegasus e|:8 19 N.P77 .1 I |L.palered, S.dushy.
O]L1on k12 55 NF35 .8 V. |L.red, S. dusky.
Androgeda | « (10 37 S.P155 .5 E. |L. white, 8. durky.*
3|Lyra «[26 46 § F.357 .2 E. |L.bright white, 8. dusky.
15|Gemuni 60 0 S.P52 .6 7. [L.red, S.dusky.
7|Lion 8 36 .N.F/42 .+ J7 |L. reddish white, S. red.
31|Cancer 0 N.F.|i4 .9 E. |L.red, S. dusky.
R] . . .
nc| >Heicules |m |39 57 S.P[60 S. L. blhu.?h white, . reddish
37 white.
14/Great Bear | ¢ (45 0 N.F|5% .8 E. |L. white, S dusky.
22|Aquarius g |35 48 38 .8 Er |L. white, S. dusky.
38 sagittarius | ¢ [28 6 N.D. E. [L. red, S. dusky.
69/Aquarws | 7|19 54 S F|86 .8 7. [L.reddish wh. 8. dusky.
36, “assiope a 410 12 S.FJ48 4 7. |L. pale red, S. red.
7|dapr1com e 135 12 S.F.[50 .1 7. |L.red, 8. dusky blue.
32| Auriga v 11 48 S.PJ33 .7  Ev L. orange white, S. red.
10lLizaad 38 45 N.F.52 .5 V. |L. white, S. red.
3{Pegasus 82 48 N.P.34 .7 DP. L. whitish red, S.Jusky
red.
83/P gasus 89 12 N.F.45 .1 C. [L. pale red, S.red.'
' 61{Whale 76 21 S. p.[a7 9 E WL. reddiah white, S.dusky
56/Auriga 72 36 NFJ58  C. [L. white, S. pale red.
Between 8
Cancer & 55 0 N.P(85 .4 » Eg.
2 Hydra.
111(Taurus 8 48 N.PJ46 .7 “V. |L. reddish white, S. red.
103|Taurus 72 24 80 Ez[E.reddish white, 8.dusky|
114Taurus |0 [17 54 S.P.J50 mi{: whuts, 8. point,
ice’: . tﬂ oy
lgff:il;ms}‘" 0 S.Fg8 .9 C. [ gt pale
Androme- 9 24 S.PJ45  Eq.S. pale red
da'sBreast | '
$5|Berenioe’s ts 51 S.FJ31 .8 V. [L.redpS. dusky.
60{Hercules 7 0 NPl4s .7 E. IL white, S. duiky.

)
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Sixtu Crass.

° I’ 49” V. |L. garnet, S. dusky.
) 8.P.j4 E. |S. dusky.
« 115 7. [L.red, S dusky. .
Z[81° 14 N.PJt 81 .9 V. |L.reddish wh.S. duskyred
« (80 5 N.Pf2 48 .3 V. |L. white, S. dusky.
773 29 S.F.J1 22 .7 C. |L. red, S. bluish.
/80 0 NF|1 80 E. L. reddish wh. S. dusky.
w|9 7 S.F|t 21 E. |L palered, S. dusky.
315 46 NFi2 15 C. |L. reddish wh. S. wlnte
w80 26 S.Fj2 8 Uneq.L. reddishwh. S. pale red.
8 32 S.F.t 81 .9 V. |L. red, S. bluish red.
6 { Preceding |3 0 C.
« |33 42 S.F.[2 49 .3 E. [L. white, S. dusky.
12 42 S.F.1 B |L. bluish white, S. dusky.
« (62 18 S.Fj2 6 E. |L.red, S.dusky.
51{Virgo ¢ |24 55 N.PJ1 8 .9 E. |L. white, S. dusky.
24{Libra ¢« [22 31 S.Fj1 5 .2 7. |L. white, S. dusky red.
87|Taurus, 4L 52 58 N.FJ1 27 .7 E. |L. red, S. dusky,
85 12 N.F|l 51 [I'z.|L. white, §. dusky.
11 12 N.P.1 29 .5 Ex.|L. pale red, 8. dusky red.
49 86 N.FJl 8 .5 E. |L. reddish white, S. red.
100r12N.PJ1 88 .6 7. |L. white, S. pale red.
54 12 N.F(2 49 .1 Ez.|L.bluish white, S. dusky.
76 0 N.PJ1 18 .2 7. |L. white, S. dusky.
4 27 S.F|1 27 7 7. |L. white, S. dusky. .
8 12 N.F{1 85 .2 E. [[, white, S. red.
50r30S.F|1 80 E. [L. orange white, S. red
71 51 $.PJ1 86 .4 P. |L. red, S. reddish.
2.0 NP1 28 .3 7. |L. red, 8. garnet.
52 45 N.P.J1 30 .9 7. |L. pale red, S. dusky red.
18 0+S.PJ1 41 5 7. |L. pale red, S. red®
15 9 NFi 0 .4 C. [L white, 8. pale red.
7 24 N.PJ1 17 .9 E. |L. red, 8. dmky red.
®5 7 E L. whushred, dusky
58 48 S.PJl 14 67, L::;lwng fo garnet, S.
80 .9 7 ' [N [
73 o NF/i'0.17, g:white, S.red.
64 44 NP2 28 .18 E.IL. white, ‘g. dusky:
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Tanrz II. Containing the Names of the Double Stars obferved by
Dr. Herschel, but nol contained in the preceding Table.

16 Dragon.
38 Middle of Lynx's Thil. N.
2l E::m.
4 Eagle.
Near 51 Bootes.
Smallest of the twobetween
" l‘) and 3 N. Crown.
n.
X Orton. )
¢ Trungle.
In the hind thigh of the
Litte Dog.
Near 44 Lion.
2 s Cancer.
Between 39 and 41 Lynx.
South preceding 44 Lynx.
55 (‘assiopcia.
38 Serpentarius.
N. preceding 18 Perseus. '
% preceding B Eaénopeu
. 2
North of SH:.‘ unop
Near 4 ¢ Dragon.

4 Aquarius.

11 In the Unicorn’s left
* foot.

Near 11 Serpentarius.
108 Aquarius.

Near 42 Orion. '
Near 54 Eagle. -

Spese
Near ¢ Triangle, follow-

32%81'1@“

In a cluster of six stardin
B
lowmg 15 Boom. )

8. following Pmcyon
1° 8. F vm'
wigl’nhlqm

54 Virginle. *
Nur«lﬁ!miulm

1/ Flow.

i&

First CLaSS.

S. preceding s Auriga.
X precedmgés) Capricorn.
Preceding 6 Cepheus,

precuglm 3. Cepheus.

l‘reeedmg a Aquarius.
Following + Cepheus.

N. following 25 Orion.
30 Orion.

L]

P, = Ordon.
N. ing 8 Taurus.
S. fo) i':»‘l ‘Whale.
Follo
Iutw:u:sl .,.J'L Lyre.
Lyre.
1 thde Ilorse.

‘foll. 2 Little Horse.

: South of o Little Horse.
i N. following 8 Arrow.

8. preceding 23 Dragon.

Near the nebula in Auri-
ga's foot.

Near 10 Orion.

In the Lyna’s breast.

- SecoND Crass.

30’ 8. preceding s Bull.
}%foﬂowgg;\the.l
© N. preceding 5 Aries.
2°8l)’!’ollowmgquuu-

45’ S. fonwmg 56 Whale,
2 8. F.p (?Illl!“l-

20’ N.F. ¢

80’ 8. F. » Orion.

North of two stars 3 Pe-

w 8. F. g Gemini,

45 N. F. Pollux.

l&' 8. P. o Bol{ul»

E. followhg‘ Swan.
10 15’ S. F. s Arrow.
1¢ 3§’ south of 13 Lybx.
¥ Rear. Az
receding ¢ Aries.
ip % Lion.

20”8.F.4d End-nuu.

10 following 49 Exidanue.
1° 8. following 31 Bootes.

N. preceding { Bull.
8. P. 44 Great bear.
65 Great Bear. «
N. preceding 8 Aries.
N. preceding 39 Aries.
8. preceding 26 «rion.
In the Lyna’s breast.
Naith of « in the Cup.
North of 11 Balance.
;6 Hercules.

preceding = Serpent.
South of 508 Auriga,
8. following 36 Lynx.
North of 105 Hercules.
73 or q Ophiuchus.
69 or ~ Ophiuchus.
N. preceding two stars at

the 56 Andromeda.*
S. pizceding # Aquarius.
N. precoding 3 Eagle.
N. preceding M Eagle.
8. folluwing 33 Swan.
"Folluwing 51 Swan.

30’ N. of 22 Andromeda.

ey

. P. 49

South of 29 and 30 Uni-
€orn.

30S. P. w t.
1° N. P. 12 Unicorn.
10 45’ N. P. 100 Heiemn

les.

In the buttock of the Ca.
melopard.

15 s. follmvmg o towards

l'w ﬂ;i‘f‘ An&m

20’ sou n Eﬂﬁ-

14N e

L

1°30 N. F. 8 wmnht
Swan.

20 N. F. 51 Swan.

2°CN‘.mP. 57rd.m"d' 49

4 SO ro € Orion.
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* Tuirp Crass.

L
1 Little Horse. Tollowmng the tip of the | 46’ S. F. 65 Anes.
re Lyn_x. Unicorn’s car. 10° 45’ S. . 13 Bull.
34 Cassivpeia. 30’ N. P. r Gemmi. 40 N. ot « Whale.
3 Ship. 1° 15 N, P. 3 IIvdra. | 1° 30’ preceding + Whale.
Near 9 Ship 45’ N. I\ 10 Orion® Above 30/ from  towards,
8 Unicorn. 20 3u N. I o Virgin ¢ Lyra.
Over + Hercules. 13 or 2 ¢ Great Bear. 30 N. F. 11 Bull. »
11 Eagle. N.I. 18 or v N. Crown. | 4° from J towards s Her-|
Near 7 and 8 Xagle. 45’ N of a cluster formed |  cnles.
94 Aquarius. h}' the 4, 5,7, 9 of the| 3° N. of 103 Bull.
54 Serpentarius. Goore. 1° N. F. 62 Anes.
South of 9 Perseus. Near 19 Perseus. 1° N. P g Cancer.

40 or 2 o Perseus.

Near 87 Hercules.

N. F. 3 Triangle.

In the left fore-foot of the
Unicorn.

In the Unicorn.

Negr 10 Taurus.

In Bootes. Draw a line
through « and Jto the
small star under the
right foot, and erecting
a perpendicular towards
the left foot, of equal
! , the end of it

will point out this star.

20 or 2 p I'ersens.
Bitween & and «Dragon,
that which js nearest ..
30’ S. 1% G5 Sapstiarins.

107 south of 68 Per:eus.

3 or, Hure.

1° S P. v Arjes.

1° 30’ N. F. 64 Aquarius,

Preceding the tiara of Ce-|
hens. .

45 S. F, 25 Whale.

4 8. . 18 Pegasus.

In the Unicorn’s cheek.

4 N. 1.3 ()noz-.’

1¢ 20’ N. Y. v Hare.
' S, P. v Liridanus.
1n thg TUnicorn’s Check.
2° 15’ 8. P. 55 Endanus
1° 15’ 8. P. & Hercules.
20 8. F. s Serpent.
20’ preced. 83 1lercules.
N precding ¢ Arrow.
North of the cluster of
stars 1n Sagittanus.
45’ N. 1. 19 Fugle.
1° 20’ N. P. 19 Lagle.
1° 8. T. 3 Swan !
1° 18’ N. I. 16 CUmcorn.

2

Fouvntu Crass,

In the nght ear of the Ca.|
melop.rd.
31 Casmiopeia.

50’ 8. P. I toyards '
vorth Ciown.
20 3¢/ 8. I. = Hercules.

30’ Preceding «,0:10n.
45’ N. P. ¢ Aunfa.
45’ Followang 77 Dra

. gon.
Near the variablo star of Within a fuw munutes of] 1° N. F. 556 Andromeda.
e Perseus. 1° 45’ N F. « Great Bear.
19 Ship. Within 10’ of 3Casstopeia.| 45/ 8. . 70 Pegasus.
Near y,andtowards I Bull.| 1° 45’ 8. P. § Cassigpeta. | 3’ 8. of 69 Great Dear.
44 Lynx in the Eye 10 30’ preceding 23 An-| 1° 45’ N. F. £ Bull, the
Nose of the Latle Lion.] diomcda. d towards 4.
ear a star preceding 4| 15 north of 55 Pergeus. | 1° N. F. oo Cup. @
Eagle. Between 2 and 8 Came-{ 1° 15’ N. P. (1 Bwan.
N. F. r Swan. ln&nﬂ. 10 30’ 8. of ¢ Vixgin.
Beside vy Hercules. 30’ N. F. 2 Bull. 4 2080’ 8. P ¢ Hercules.
A Eridanus, 1° 15’ N. F. r Bull. N.F.83 P
8. F. ¢ Bull. 1o 8. P, 13 Whale. 1o 15’ 8. of 42 LEridanus.
(?llowing + towards n] 15’ N. . 37 Whale. 80’ F. 48 (ancer.
rion. 10 l&'ﬁuﬂ-uc‘e&hms 1° 8. P. 68 Virgin.
21 Gemini. . 1° 45’ N. of 8 Great Dog.| 45’ N, F. 82
45’ Following 16C. fﬂwvm.
¥o N. F. § Virgin. 1° Preceding e Or! * N. P. 32 Ophiuchus.
3% F. 3 towards J Ilydra. | The vertex of an i 4 8. P. ¢ us.
9 30" N. F. 41 Lybx. u-n.nﬁh, ing rAries,| 80’ N. P, 2 eus.
B%.F. 42 Berenice’s Hair.| Near 18,Great Bear. N.F.a or 16
2°30’ N. P. 36 Bereaioe’s| 3° Folbwinic Lyre. 1° 20’8, P, y Andromeda.
Hair. 2° N. P. 8 Lyra. 1030’ N. F. 50299 Pisces.
2 or ¥ 8. P. « Lyra. 1¢ 15’ N.'F. 25 Unicorn.| 30’ N. F. 46 Eagle.
1* N. F. 4 Great Bear. ;
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»
L] .
Firrin Crass. .
Ll
¢ or 62 Bull. p or 63 (emin1. 20’ S. P. s Lyra.

« or 20 Andromeda.
~ or 29 Aurga
Tollowing f Orion.
Between » and ¢ Whale
7 or 20 Onon.
31 Inlbﬂlo
Near g Cepheus.
v o1 53 Scrpent.
53 berpentarius, between|
« and &,
Neat but one preceding 3
Lagle.
L or 15 Lagle.
Near 28 L.agle.
Near that which follows 4
I agle.
o or 2 1n the Shield i the
Const. Lagle.
23 Ilerciles, between v and|
£ of the Crown.
43 or A Perseus.
Bewde 1 1 yra.
.70 Swan
S. I'. « dSwan.
¢ or 16 Swan, next foll. ¢ 9
« o1 26 Swan.
A httle N of ¢ Pisces.

¢ or 22 Hydra.

46’ 8. P. 95 or o Lion.

81 Lion.

%7 Taon.

25 Liom.

1° South of 43 Lion.

45’ N P. por 63 Gemim

1° N. F. Pollus.

7 Lattle Lion.

3 N. P. 2 Bootes.

¥ or 4 N. P..y Gemmu.

. of . or 72 Seipenta.
us.

1° S I'. s North Crown,

A few minutes N. 1% d or}

43 Sagittarius
9
35

12
Cassioptia. -

15’ N. P. » Cassiopera.

47 Cassiopen.

20’ N. . ¢ Andromeda.

$ory N.eF. yorld Au-
a1

4 or 37 Aungr

30’ 8. I. 5 or 34 Aunga.

30'S I 3 Ares.

1°15’ S 1. 103 Hercules,

»

30 8. P« L

2008. ¥. y Ayr:;w.

1° 45’ N. P. ¢ Arrow.

45 N. x Great Dog.

10 5. T. 42 Great Lear.

Star fornung 1snsceles trid
angle with x ard » Ge-
min

10 45’ N. P. T Artes.

'he most northern of three
preceding s Orion.

45’ 8. P. s Onon.

15 Hydra.

40’ S. P. 44 Bootes

1° 30’ 8. F g Centuur.

20 N. F. 46 Bootes.

30’ 8. . r Hercules.

45° N. P, 41 Hercules,

1* 30’ following « Virgin.

1° 30’ N. I'.  Virgan

1° 30’ N. F. 24 Labra

Between 20 and 30 Labra,
but nearest 30.

1° d. P. ¢ Ophiuchus.

The smallest and most
southern of two, about
20’ asunder, near 49

30 over the Back ot Aves | 45 N 41 Cepheus. Cam rd
v or I3 Haic. 51 Aquanus. %0 north of # Eagle
N. 1.¢Arrow. 30’S F.vor59 Aquarus,| 1° 20 north of x, towards
Stceond star from v towards| 79 Oron. 3 Swan.

ASLUTR 10’ Preceding ¢ Onon.
. *

SiatH CLass.

o or 7 Scrpenturius 32 Swan, More S. than o Serpentar.
41 Aries, mn the body of | 4 or 37 Aunga. 2 Cawopeia, near e

the Fly. 13 Cam , over the | 4 Lyra. .
sor 39 1corn. Goat’s Head. 79 Swan. .
= or 94 Bull. 10 Camclopard. & Aquanus.
zor 59 Bull. o ¢ or 46 Dragon. 28 Swan, near b
o or 31 Swan. e G4 or 65 Dragon. Near 2 ¢ Swan.
Near 6 Bootes, o or 13 Hare. x or 8 Pusces.
» or 21 Crown. 67 or 5 p Cancet. Near star N T. s Arrow,
e or 51 Perseus, Near +, and towards 0 An- | Near v Eridanus,
 ar 44 Pegasu dromeda. 30’ 8. F.  Onon,
Star between o{.)ngau 35 Eagle. . = or 31 Hydra.

snd the Tailof Great| Near 35 Eagle. . | Near 68 Orion.

Bear. ‘The following star l;:‘;ltm- -5 ciu' 57 Gemini.
In the Nostril of the Lynx, ium, nesr I e emini.
3C e ¥ St%;ll‘lszmdumﬂdle of [w or:ac;nm.
No:l:? [} . ount 8. vor rgim.
worl Ctprl‘.:tl:l. Between ¢ snd S Bootes. | 3¢’ following ¢ Cancer,
d or 88 Bull Btar more 8. than s Bootes.| 83 Lion, .
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27 Virgn, * N. of { Capricorn. |22 or 26 Cancer.
81 Unieorn. ?:- o 71 Aquznus. Near o Whale.
A fewmm. 8. F.1 Orioa.| 1° 80’ S. ¥. 46 B 1L 8¢’ S. P. 69 Onon,
27 Hydes, 1° 45’ N. I' s Cephcus. |2° 30’ S. F. 21 Cup.
l ror 51 Clneer * | T or 30 Bootcs. 1° 15’ N. P. 12 Laibra.
1° 15 8. P. 31 U'nicorn, {1° 15’ S. P. s Pisces.
S’or r 4/ ﬁ of y Gemmi. | 30’ N. P. 4 Hydra 1° 8. I'. 43 Sagittarius.

V. ON TREBLE, QUADRUPLE, QUINTUPLE, AND MULTIPLE SYS-
TEMS OF STARS.
Dr. Herschel, with his usual ingenuity, has pointed out a
variety of combinations, in which trcble, quadruple, &c. stars
may revolve round their common centrcf of gravity ; but the
limita, as well as the popular nature of ‘this work, will not per-
mit us to lay them before our readers. Several of these com-
binations are represented in Plate VI, Sup. ¥ig. 3,4, 5,6, 7, 8,
9, 10, where a, b, ¢, d, are the stars, and o their common cen-
tre of gravity. One of these combinations is so very singular,
as to be peculiarly deserving of notice. Let us suppose two
equal stars moving in a circular orbit round their common cen-
stre of gravity, which will be the centre of thc circle. Front
the cefitre of the circle draw a line perpendicular to the plane
of their orbit, extending to equal distances above and below this
centre. Let us now suppose a third star to fall from onc extre-
mity of this perpendicular, from a state of rest, it will obvious-
ly descend with a gradually accelerated motion, till it reaches
the centre of gravnty ; and passing onwards, with a motion gra-
dually retarded, it will move to the other end of the perpendi-
cular, where it will armive at a state of rest, and again return,
and continue to oscillate betwecn these two points. The two
stars which move mn a circular orbit may describe equal el'ipses
of any degree of eccentricity. In this case, however, the per-
turbations will affect not only the planes of their orbits, but also
, their figures; and the length of the oscillations of the third will
*be sometimes increased and diminished. See Fig. 6.
Thé following catalogue of treble, quadruple, quintuple, sex-
tuple, and multiple stars, is selected from the two catalogues of
double,stars given by Dr. Herschel.

CATALOGUE OF TREBLE, &e. STABRS.
« or 17 North Crown. .
The two- nearest of this treble star, are rather unequal in
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magmtude, and both white. The third, with a power below

460, is very faint, and dusky in colour. The distance betwecn”

the two nearest with a power of 227, is 1} the diameter of the

larger, and with a power of 460, twioe'the diameter of the larg-»
er. DPosition 77° 82 N. P. Distance of the third frdin the

largest, 24/, Position 25° N. F.

12 Lynz, below the Eye.

The two ncarest of this curious treble star are pretiy unequal.
The larger is white, and the smaller white inclining to a rose
colour. 'With a power of 227, their distance is } the diameter
of the smaller one. Position 88° 87 S. P. The first and third
arc considergbly uncqual ; the second and third pretty unequal ;
the colour of the third being pale red, and its distance from the
first 97 23", Position with regard to the first 32° 33 N. P.

11 Unicorn in the left Forefoot.
This treble star may appear double at first sight ; but with a
little attention one of the stars will appear double. The first or
“single star is the largest. ‘The other two are smaller, and near-
ly equal, the preceding one being rather larger, and they are
both white. The distance between the o nearest, with a power
of 227,is 1 diameter of the preceding, or 1} the diameter of the
following star. Position of the two nearest 11° 82’ S. F. Dr.
Herschel considers this star as the most beautiful sight in the
whole heavens.

Near 81 Eagle, the last of a Telescopic trifolium N. F. k.

The two nearest arc very unequal. The third-star is net vi-
sible with a power of 227. With a power of 460, the distance
between the tyo ncarest is only the diameter of the larger one
‘The distance of the farthest is about 7" or 8.

{ or 16 Cancer. .

This very mimute treble star requires very favourable circum-
stances to bedistinttly seen. ‘The fwo stars of which the pre-
cedmgcmgf donsists arc considerably unequal. The largest of
these is larger than the single star, and the least of the two is
less than the single star. The first and second largest are pretty
unequal, and the second and third pretty unequal. The two
nearest are pale red : they are just separated with a power of
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278, and with 460, their distance is }'the diameter of the smaller
one. Position 86° 82’ N. F. See £ Cancer in the third class
of doubfe stars. .

. 90 .Lion.

The two ncarest are very unequel. The largest is white,
and the smallest reddish white. With 278, their distance 151!
the diameter of the largest. Position 61° 9’ 8. . The two
farthest are very unequal ; the smaller being dusky red. Dis-
tance from the largest 53" 43””.  Pésition 35° 12’ S. P.

t or 51 Libra.

* This star appears at first double, but the larger of the two
will be found 1o consist of two stars. They are negrly unequal,
and both white, With 460, their distance is ] the diameter of
the larger. Position 82° 2 N. I'.  Sce semnd class of double
stars under £ Libra.

About 13° N. F. v Aquarius, in a line parallel o £ and « Aqua-
rias.

The two nearest are very unequal. The largest is reddish’
white, and the smallest pule red. With 460, their distance i»
about 1 diameter of the largcst.  Position 62° 27’ N. P.  The
two farthest are vary unequal. The smallest is pale red. "Dis-
tance with 227° 1/ 22” 42", Position 85° 51’ N. F.

Preceding 70 and 67 Orion.

In a spot which appcars nebulous in Dr. Herschel’s finder,
about 50f from the 67th, and 45’ from the "70th Orion, there is
a multiple star consisting of 12 stars, with a power of 460, and
one of these is a double one. The two arc considerably un-
equal ; their distance is 1 diameter of the larger,one.  Position
19° 48 S. F. )

x or 42 Aries, in the ham.

The three stars which are all in a line are excessively uncqual
The largest is white, and the, two smallest ®are mere points.
With. 460 the distance of the two nearest if 1} the diameter of
the largest star. The third is about 25 or 26” frdm. thelargest. *
Position 19° 19’ S. F. '

13° N. F. » Swan, in a line parallel to # and ». -
The 'two nearcst are considerably unequal, and both pale red
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With 460, their distance 18 1 diameter of the swall star, br §
that of the large one. Position 89° 18’ 8. F. The two farthest
are considerably unequal, and red. Dosiion 56° & N. P.

. & or 4or 5 Livra.

"This is a remarkable double-double star, or a double star, each
star being itsclf a double star. The first set consists of stars
that are considerably unequal. The largest is very white, and
the smallest reddish. Their distance with: 227 is 1 diameter of
the larger one. Position 56° 0’ N. ¥. The second set are white
and equal, the preceding being rather the largest.  Their dis-
tance with 227 is 14 the diameter of either. Position 72° 57’
S. F.

=, or 48 Orion.

This is a double-treble star, or two sets of treble gtars, almost
similarly situated. The two ncarest of the preceding set are
equal; the third larger, and pretty uncqual when compared
with the latter two. With a power of 222, the distance of the
two nearest is 2 diameters of either. Positions of the following
star of the two ncarest with the third 66° 35, S. P. Position
of the two nearest 2 or 3° N. I*. or S. P. the following set. The
two ncarest of the following set are very uncqual. The largest
of the two, and the farthest, are considerably unequal, the
largest being white, and the smallest bluish. With a power of
2922, their distance is about 2} diameters of the largest. The
distance of the two fatthest 1s 43’ 12”. Position of the two near-
et 5° 5 N. F. Position aof the two farthest 20° 4 N, F.

.

About 2} following « Aquarius,in a line parallcl i6 = and ».

The nearest are a httle unequal, and both red. "Their dis-
tance with a power of 460 is 2} diameters of the largest. TPo-
sition 25° 51’ 8. P. The two farthest are a little unequal, and
of the 5th class. Position about 50 or 55° S. F.

13° S. F. = Orion in a line parallel to ¢, and « Orion, the
smallest and most southern of threc forming an arch.

The two nearest are extremely unequal. The largest is a
dusky white, and the smallest a mere point. Their digtance
with 227, is 1} the diumeter of the larger. Position 4° 54’ N.
F. The two farthest are extrentely unequal. The smallest is
a mere point.  Position about 50 S. F.
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% Preceding the 2 and 44} of the Skip; the middle one of three.

This is a multiple stm', one of them being double. The two
are nearly equal and®white or ash coloured. Their distance
with 227, is about 2} diameters. Position 80° 12’ N. P.
Twenty other stars are in view. .

Y 8. F.p Lyra.

* The two nearest are a little unequal, and both dusky red.
Their distance with 460’ is 3 diameters. Position 8° 24’ N. F.
The farthest is as large as the largest of the two nearest, and
its colour is dusky red. Position with the largest 25° 57 S. P.
Distance of p Lyra from the two nearest 2’ 17” 30"". Position
65° 12', p being N. P. or the double star S. F.

30 8. of 58 Auriga, in a line parallcl to g and 0.

This is a cluster of stars containing a double star of the 2d
class, and one of the 3d. "The two of the second are very un-
equal, and both red. Their distance with 460, is 2} diameters
of the larger. Position 44° 836’ N. F, Thosg of the 3d clas
are equal, and both red. Above 20 ctars are'n view thh 227.
Distance 177 41,

1, N. P. Cup, » towards « Lion.

The two nearest arc equal, and both dusky white. Their
distance with 227, is about 3 diameters. "Position 71° 38’ N. F.
The farthest is larger than either of the other two, and of the
6th class. Position about 68 or 69 S. &. the double star.

Star making almost an equilateral triamgle with the 29tk and
80th Unicorn towards the south.

Among many, the fourth from the south, and of an irregu-
lar long row, is double. The two are a little unequal, and
both pale red. With 227, their distance is 1 diameter of the
larger one. Position, 86° 12’ S. F.  Sixteen other stars are in

view.
L]

Star twice as far south of = Arrow, as = and the'Star near it
are from each other.
The two ncarest arc very unequal, and both red. Their
distance with 227, is about 3 diameters of the larger. Po-
smonaboutmorm"N‘P
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~ A large Star 1° preceding !, towards 41 Swan.

The two nearest are extrgmely unequal. The largest is white,
and the shnallést pale red. Their distance with 460, is 2} dia-
meters of the largest. Position 45° 15’ N. P. The third and
the largest are extremely uncqual, and belong to the 5th or 6th
class. Position*about 50° S. P’

0 or 41 Orion, the small Telescopic Trapezium in the Nebula.

The stars composing this quadruple star dre considerably
uncqual. The most southern star of the following side of the
trapezium is the largest; the star in the opposite corner is t
smallest, the other two being nearly equal. The largest is l:ml}:
red; the star preceding the largest inclined to garnet ;, the star
following the largest inclined to garnet; and the star opposite
to the largess dusky. Distance of the two stars in the preced-
ing side 8”.78; in the southern side 127.84; in the following
side 15”.21, and in the northern side 20”.4.

4% Orion preceding the two ¢'s.

. The preceding set of this double-treble star consists of three
equal stars, forming a triangle, and are all dusky. The dis-
tance of the two nearest with 227, is about 3 diametets. The
following spt consists of three stars of different sizes forming a
crcle.  The middle star is the largest ; the one to the south-is
pretty large, and the third 1s very small. The two fargest are
white, and the smallest pale red. Distance 36”.25. »

¢ or 17 Arrow. ,
The two nearest of this trehle star are extremely unequal.
The largest is pale red, the smallest dusky, and the third pale
red. Distance of the two nearest 117 8”. Distance of the two
largest 1’ 77 49”.

.

S. P. 1. o Perseus.

The equal set of this double-double star are about 4 or 5
diameters distant with 227; and the unequal set about 5 or 6
diameters.

o, or 51 Virgin,

The two nearest are extremely unequal, the colour of the
largest , being white, and that of the smallest dusky. Their
distance is 7” 8”, and their position 69° 18’ N. P. Sece 6th class
of double stars.
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13° preceding the Tiara of Cgpheus in'a line parallel to « and {.

The two nearest are very unequal, the larger being white,
and the smaller dusky blue. Their distance is*11”* 85, and
their position 35° 24 S. ¥ The two farthest are considerably
unequal, the smaller be'ng dushy blue. Their distance is 18”
87”, and their position 73° 57" N. P. *

11° N. of 159 Great Bear in a linc parallel to < and 8.
The two nearest gre considerably unequal, and their bght
red. Their distance is@2” 30”, and therr position 0—0 pre-
ceding. The two farthest are very unequal, and the smallest
dusky red. Their distaree is 32" 21", and their position 4° 0
N F

3° N. P. 17 Swan in a line parallel to = and «.

The two neatest of thie quadruple star are extremely un-
equal, the largest being red, and the smallest dusky. Therr
distance with 625, is 18” 54", and their poation 67° 36’ S. F.
The two largest are nearly cqual,’ and both red. Therr dis-
tange with 278, is 25” 58", and their position 40° 8% N. F.

8. P. 1 Swon, the middle of threc, the most southern of which
. is the 27.
This star is quadruple and seftuple. 1In the quadruple, or
N. P. set, the two nearest are very unequal. Then dstance
with 278is 117 16", and their position 26° N. P. The two
arg slmost equal, and both red. Distance with 278,
20" 27", Position 57° 12 N. F. 1In the sextuple, or 8. . set,
“the two lazgest arc pretty unequaly and both red. “"Their dis-
Feance with 278, is 197 207, and their position 27° 3¢ S. F.
other stars are as smull as the smallest of the quadruple
set.
46, or 3. @ Swan. \
The stars which compose this treble star are Very unequal,
remely unequal. The colour of the largest is fine gar-
Bt thay of the next largest red, and that of the smallest dusky.
Posmon of the two brightest 44° 19’ N. P. They are all with-
in 30’
Near 27 Cepheus, negr 3.
Thuﬁmnceofthe twonearestofthutrelﬂtﬂnﬂabout%ﬂ"

| The 1ot of 2 Stars'prectdingn b the Eagle
W distance of the two nearest is 81725¢". .
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2> N. P. H Gemini in a line parallel to the 65 Orion, and §
Taurus, the middle one of three.

The stars of this quintuple star are in the form of a cross.
The two nearcst, or the preceding of the five, are extremely
unequal. Distance 0" 57”.  Position 7° 27 8. P.  There is
a very obscure star of the third class near the last of thé three,
in the obscure star of the cross. Other five stais gre dispersed
about the quintuple one.

The last Star ofthe Lizard

The two nearest are extremely unequal, the larger being red-
dish white, and the smaller dushy. Their distance is 20” 27,
and their position 79° 33’ N. P. The next arc very uncqual,
the smaller being red. Distance 647 57”. DPosition 44° 24
N.F.

8 Lizard in the middle of the tail.

The two largest and nearest of this quadruple star are a
httle unequal, and both reddish white. Their distance is 17”
14", and therr position84° 30’ S. P. The twd neat are very
uriequal, and of the fourth class; and the other two consider-
ably uncqual, and of the 5th class.

Between 8 and { Dolphin, but nearer to 8.

All the three stars are whitish red, and nearly equal. Dis-
tance of the two ncarest with 278, 217 33”. Position 18° 27"
N P.
. P About 2} preceding 25 Unicorn.

This quadruple star cousists of two large stars that can al-
ways be scen, and of other two that are visible only in dark
nights. The nearest aré extremely unequal, and their distance

2(,” 27”[. .

Of a Trapezium in the Arrew, copsisting of this Treble Star,
3, ¢ and 9, it is the Star opposite to { and nearest to { of two.
The two nearest are very unequal, the largest béing pale
red, and the smallést dusky blue. Their distance is 217 22~
&nd their position 0° F. The two largest are a little unequal,
and of the 5th class. Positian 10° 36’ S. P.

% or 18 Arrow, the largest of three.

» The two nearest arc equal and red. Their distance is 237 2,
VOL. 11 . v
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and their position is 10° 12’ S. P. The third is a large star,
about 1 minute distant, having a position of 10°or 15° N. P.
the other two.

8 or 10 Lyra.

The stars of this quadruple star are all white, the 2d, 3d,
and 4th"inclining to red. The 1st and 2d arc considerably
unequal. The 1st and 3d very unequal, and the 1st and 4th
very uncqual. Distance of the first and second, 43" 57". Po-
sition G0° 28’ S. F.

e or 13 Sagittarius.

Distance of the nearest about 30”.

A spot over the right forcfoot of the Unicorn.
This spot contains 4 or 5 small stars within one minute.

» or 15 Auriga.
Two of this multiple star arc within 80",

vor 18 Crown, »

The stars of this treble star are very unequal. TPhe largest
is white, and the two smallest both red. Distance of the near-
est 50”.

69 Swan.

The stars of this treble sta™are very unequal. The largest

is white, and the two smallest both reddish.

A small Star near the place of 12 Gemini.  *
The.two'nearcst are a little unequal, and distant about 1
minute. .

1° N..F. 9 Orion, towards 113 Taurus, the largest of two.

The two nearestare considerably uncqual, and reddish white.
Their distance with 218, is 86” 26", and their position 33° 86
The two | farthest are very uncqual. The smallest being red,
and belongmg to the 9th class.

17 or 2 » Great Dog.

The three stars form a right angled triangle, the hypothe.
nuse of which contains the largest and smallest. The t¥o near-
est are very unequal, the largcst being reddish white, and the
smallest red. Their distance is 44" 52", and their position
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64 12’ S. F. The two farthest are very unequal, the smallest
being red, and belonging to the 5th class. Position about 85°
S. P.

One of two Stars N. P. the 'I5th, in a line parallel to the 84¢th
. and 59tk Lion.

The two nearest are very unequal ; their distance is 54 37".
The two farthest are extremely unequal.

12 Great Bear.

The stars are extremely unequal, and all red. The nearest
is the smallest  Position some degrees S. F.

1° 8. P. the 11 Orio;a, towards « Taurus.
The two nearest are considerably unequal, the largest being
white, and the smallest pale red.  Distance 377 51”.  Position
33° 54 N. P. The third is farther off, smaller, red, and N. F.

41 Aries.
. The two nearest aic cicessively unequal. The largest is
white, and the smallest is funt. Their distance with 278, is
39" 20, and thcir position 80° 48’ S. P. )

v, or 8 Lyra. .

The stars are extremely unequal, the largest being white, and
the other two dusky. Distance of the following star, 56” 47",
Position 28° 27’ 8. F.

x Perseus.

Dr. Herschel counted no fewer than forty stars within his
small field of view.

d, or 4 Cassiopeia.

The distance of the two large ones is about 2', and that of the
3d, which is obscure, 13*. The three form nearly a right-angled
triangle.

« B, or 18 Gemini.

The stars of this multiple star are extremely unequal. The
nearest distance is 1’ 56-45". Position 24° 28, N. F. The
next distance is 3’ 17” 19", and the position 15° 56' N. F.

Star preceding b Pisces.
The stars form a triangle, each side of which is about 1 minute.
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In the Unicorn’s Head. '
This multiple star consists of 1 star, with about 12 around it.

o, or 10 Gemini.
The distance of the nearest is a little more than 1 minute, and
that of the farthest not much more,

T4 Great Dog.
The nearest are extremely uncqual, the largest being reddish
white, and the smallest dusky. Their distance 15 1’ 5” 28”, and
their position 26° 24’ N. F. .

¢ or 44.Perseus.

The nearest are extremely uncqual, the lngest being white,
and the smallest red. Their distance is 1' 117 26, and thar
position 66° 36" S. P. The farthest arc very uncqual, the small-
est being red, and about 1}’ distant. Position 70° or 75° S. P.

3 or 68 Taurus.

This star has other two in view. The nearest are excessivel y
unequal, the largest being white, and the smallest dusky. Therr
distance with 278 is 1’ §’ 18", and their position 85° 21 8. P.
The farthest are extremely unequal, the smallest being red, and
about 1}’ distant. Position 50° N. P.

«, or 30 Hydra.
This star has two within about 2. The nealest are esces-
sively unequal, and the farthest extgemely uncqual. Both 8. I,

VI. ON CLUSILRING STARS AND THE MILKY W.\Y.

By examining the stars that arc scattered over the milky way,
it will appear that they are uncqually dispersed, and that they
cluster together into many scparate allotments. In the space,
Sor example, between g and ¥ Swan, the stars are clustering with
a kind of division between them, so that they may be consider-

. ed as clustering towards two different regions. Dr. Herschel
found from observation, that the space in question, taking an
average breadth of about 5° of it, contains more than 831,000
stars, which gives 165,000 for each clustering collection. . These
clustering collections are brighter about the middle, and fainter
rear their undefined borders.
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The milky way is a luminous zone which makes a On the
complete circle in the heavens. It traverses the con. Milky Way.
stellations Cassiopeia, Perscus, Auriga, the east arm of Aries,
the feet of Gemini, a part of the Great Dog, the middle of the
ship, where it is most lummous, the (‘entaur, the Cross, the
touthern Thiangle, the Altar,the tail of Scorpio, the bow of Sagit-
tarius, a part of Ophiuchus, whereit separates into two branches,
and again unites, the shicld of Sobieski, the tail of the Serpent,
the Fagle, the Arrow, the Fox and Goose, the Swan, and the
head of Cepheus.

r. ITerschel has found, from numerous observations, that
the brightness of the Milky Way is owing solely to small stars ;
and that the compression of the stars incicases in proportion to
the biightness'of the Milky Way.

In order to account for this singular zone of stars, Dr. Her.
schel supposes, that the Milky Way is a large nebula, in the
mside of which the Sun is placed, ,but not in the centre of its
tlnckness.  The Milky Way, therefore, according to this hypo-
thesis, is the projection of the nebula upon the concave surface
#f the <ky, as secn from a point within it. "T'hus, if the pate V1.
solar system be supposed at S, in the middle of the Sup- Fig-11.
ncbula a b ¢ d ¢ f; with two branches a ¢, b ¢, the nebula will be’
pojected into a circle A B C D, the arghes AB C, A E C being
the projection of the branches, ac, be.

In order to asccrtain the place which the Sun occupies in this
nebhula, and the form of the ncbula itsclf, Dr. Herschel has put

. in practice a method which he«alls guaging the heavens, and
which consists in repeatedly counting the numbet of stars in ten
fields of view very near each other. By adding the numbers
of ‘stars in each ficld, and cutting off a decimal, he obtains a
mean of the number of stars in that part of the heavens. Dr.
Herschel then supposcs, that the stars are equally scattered ;
and from the number of stars in any part of the heavens, he de-
duces the length of his visual ray, or the distance through which
his telescope has penetrated, or, what is the same thihg, the dis-
tance of the remotest stars in that particular portion of the hea-

evens. In order to understand this, let us suppose, that the
Milky Way is a ncbula, and that the solar system is not in its
centre :. Then, upon the supposition that the stars are equally
scattered, it is obvious, that the part of the Milky Way wheie
the stars are most numerous must extend farthest from the solar
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system, and vice versa. Proceeding in this way, Dr. Herschel
has found the length of his visual ray for different parts of the
heavens, which, in some cases, is equal to 497 times the dis-
tance of the ncarest fixed star, and he has delineated the sec-
tion of the nebula forming the Mllky Way, as represented in
Fig. 7, Plate V, Sup This section makes an angle of 85° with
our equator, crossing it in 124} and 804} degrees of R. ascen-
sion. The horizon of a celeslial globe, rcctiﬁed to the latitude
of 55° N. and havihg = Ceti on the meridian, will represent the
plane of this scction. If the solar system is at S, the bright-
ness of the Milky Way will be greatest in the directions S a,
S b, 8 p, where the stars that intervene are most numerous, or
where the visual ray is longest. In the lateral directions S m,
S n, the nebulosity will not appear from the snfall number of
interposing stars; and in the direction S ¢, on account of the
opening between a and 8, there will be an empty space contain-
ed between these two branches, where the nebulosity is not ob-
served, as is the case in the Milky Way between g Scorpio in
the south and y Cygni in the north, a length of about 102 de-
grees. The circle in Fig. 7 described round S, is at 40 time®
the distance of the nearest fixed stars, and probably comprchends
"all those that are visible to the naked eye.

Dr. Herschel, thereforg, considers the Milky Way as a very
extensive branching congeries of many millions of stars, which
probably owes its origin to several rcmarkably large, as well as
pretty closely scattered small stars, that may have drawn to-
gether the rest.  He supposes, shat there are many parts ke
Milky Way where the stars are drawing towards seconaary
centres, and may in time scparate into different clustcrs. Some
parts of the Milky Way, he imagines, have suffered greater ra-
vages than others, and particularly that part of it in the body
of Scorpio, where there is a large opening or hole, about 4 de-

grecs broad, and almost destitute of stars. The stars which
once ﬁlled this vacancy, he supposcs to have formed the 8th ne-
bula in tfe Conmoisance des Temps, which is a rich cluster of
ymall stars, and is just upon the western border of the opening.

In looking out at the sides of the nebula of the Milky Way
owdﬂs Leo, Virgo, and Bercnice’s Hair, onthe one side, and

ds Cetus, on the other, where the mtervemng stars are
few, Dr. Herschel obscrved a remarkable purity or clear-
tess in the hcavens ; whereas the ground of the heavens became
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troubled towards the length or height of the nebula. The
troubled parts arise from some distant stragglmg stars, which
can'scarcely be dxstmgulshed but which Dr. Herschel has dis-
covered after long examination.

There are several other nebule in the heavens as large as
«hat of the Milky Way, and which will, thercfore, exhibit the
phenomenon of a lucid zone to the planetary worlds that may
be placed within them.

VII. ON GROUPS OF STARS.

Groups of stars succeed to clustering stars in Dr. ITerschel’s
arrangement. A group is a collection of stars closely, and al-
most equally, compressed, and of any figure or outline. There
is no particular condensation of the stars to indicate the exist-
ence of a central force, and the groups are sufficiently separated
from neighbouring stars to shew that they form peculiar sys-
tems of their own.

VIII. ON CLUSTERS OF STARS.

. Dr. Herschel regards clusters of stars as the most magnifi-
cent objects in the heavens. They differ from groups in their
beautiful and artificial arrangement. Their form is gencrally
round, and their condensation is such as to produce a mottled
lustre, someéwhat resembling a nucleus. The whole appearance
of a cluster indicates the existence of a central force residing
cither in a central body, or in the centre of gravity of the whole
system.

The following CatalogUe, collected from Dr. Herschel’s pa-
pers, contains the position of 109 clusters of stars, divided into
two classes. The first column contains the number of the clus-
ter; the second, the star near which it is placed ; the third, its
distance preceding or following that star; and thejbm-th, its
distance north or south of the star ; and the fifth, its magnitude
in minutes. Thus, the st cluster in the catalogue is near p
Gemini. Tts right gscension is 10 greater, or it follows the star
at the distance of 10 minutes in tlme and its declination is 12’
north of the star.
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Caravoaus of Clusters of Stars, from the Obscruations of Dr.

Herschel
. ¢
L. Compressed and Rich Clusters of Stars.

Nt | o | B Bt S | Doy P | Dismser
1 | p Gemin. 10 o F. 012 N. 12
2 » Gemin. 27 10 F. 2 9 S 5
8 12 Monocer. 11 30 F. 0138 S.

4 | 4 Sextant. 53 F. 0 5 S
5 | 2¢%Gem. 31 o P. 015 8 7
6 | 67 Gemin. 18 0 P. 157 S
7 | 42 Com. Ber. 8 30 F. 0 8 N, 10
8 | xVirg. » 23 43 F. o ¢ S 8
9 11 Bootes 418 F. 1 7 N. 6
10~ | Antares 148 P. 0 24 N.
11 | 39 Ophiuchi 13 24 P, 026 N.
12 | 43 Ophiuchi 12 42 P. 1 8 N.
18 | v Sagitte 14 48 P. 018 N. 5
14 | 9 Vulpec. 4 0 P 033 N.l4by2
15 | 3¢ ¢ Sagitte 6 54 P. 027 N. .
16 | 12 5 Sagitte 418 P. 182 8.
17 | 42 s @ Gem. 54 53 D. 029 8. 4
18 11 Monocer. 27 15 F. 0 2 S 8
19 | 241 Libre 5 0 F. 116 S. 6
20 | 185 Pisc. Aust. | 133 24 F. 023 N, 8
21 { 25 Gemin. 215 F. 115 S 5
22 31 Monocer. 80 4 P. 120 N, 11
23 | 46 v Sagitt. 49 15 P. 042 S. 15
24 | 58 » Cygni 15 56 F. 118 N.|[Gby4
25 | 27 x Persei 555 F. 2 25 N. 7
26 | 58 d Persei 13 34 F. 118 S 4
27 | 22 Manocer. 20 9 P. 051 N. 20
28 75 1 Leonis 21 25 F. 1 2 N,
29 | 3 Lacertae 752 P. | 2 7 N
80 | 7 ¢ Cassiop. 310 F 0 46 5.
.81 | 37 3 Cassiop. 19 48 F. 1 2 N. 15
32 | 801 » Cygni 1126 P, | o028 N, 8
33 | 7 x Persei L 1.7 022 S
3% | 7 x Persei 4 0 L. 0 23 ,S. 30
' 35 | 15 = Cassiop. 122 P. [-126 S 1
3G | G Navis 8 45 P. 155 8. |8bye
87 | 206 Hydree 79 30 P. 1 0 N 8
38 | 50 y Aquile 14 50 P. 1-18 S«
89 | {PixidisNaut. | 20 39 P. 019 S. Y.
40 | 53 Serpent. 48 17 1. o 2 N 5
41 | 85 Draconis 22 6 I A 7 8 3
42 | 83 Cepheus * | 13 26 P. 1 6 S 8
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. 52 042 P. 0 34 N. 20
58 78¢ 30 41 F. 0 48 N.
54 | 86 Camelop 20 1 F. 016 N.| ~
55 32 Cephel 57 85 VY. 1 47 N.
56 | 11 @ Cassiop. 957 P. 2 6 N. 5
57 40 Aurige 8 28 1. 125 N. 6
58 | 6:Navis 518 F. 029 S. 7
59 183 Cygni 18 388 F. 1 4 8. 15
60 47 » Persei 3 30 F. 0 50 8. 7
61 | 41 Persei Hev. 8 8 P 0 56 N. 15
62 | 19 Aquile 026 P 124 8.
63 | z Pixid Naut! 2 25 P. 0 24 S.
64 20 55 P. 1 9 s
65 | 2 Navis 16 10 P. 0 38 N.
66 | 7 Cephei . 16 45 F. 1 7 8 12
67 15 = Cams 42 33 F. 014 S. |

IX. OF NEBULZE.

According to Dr. Ierschel, ncbulee may, perhaps, be re-
solved into the three last-mentioned classes. Collections of clus-
tering stars, when removed to a sufficient distance, may have the
appearance of a ncbula of any shape, and will scem to be gra-
dually brighter in the middle. Groups of stars may also, at a
great distance, resemble nebulse ; and clusters of stars that can-
not be resolved by the most powerful iclescopes, will appear like
reund nebulm, increasing in brightness towards the centre.

Mr. Michell has shown, from the computation of probabili-
ties, that it is many million million chances to one, that the stars
which appear to form double stars, &c. clusters and ncbulee in
the heavens, are really collected together into separate systems.
In the case of the Plcmdcs, for example, he computes that it is
500,000 to 1, that no six stars out of the number of those that
are cqual to the faintest of them in splendour, scattered at ran-
dom in the whole heavens, should be within so small a distance
from each other as the Pleiades arc.

A similar opinion was maintaincd by Professor Kant and M.
Lambert, who supposed, that all the stars in the universc are
collected into nebule ; and that all the insulated or scattered
stars which appear in the heavens, belong to the particular ne-
bula in which our system is placed. We are indebted, however,
solely to the gemus and industry of Dr. Herschel, for perfect-
ing these sagacious views, and supportihg them by a body of
evidence amounting ncarly to demonstration. He has observed
the position, magnitude, and structure of no fewer than 2,500
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ncbule.  He gencrally detected them in certain directions; ra-
ther than in others; and in many parts of the hcavens there
were vacant spaces, both preceding and following the ntbulous
strata. Dr. Herschel supposes the nebula in Cancer, and that
of Coma Berenicis, to belong to two strata which are nearest
* the mebula of the Milky Way

The following Catalogue of Ncbule is founded chiefly on the
observations of Messicr, as given in the Connoisance des Temps
in 1784, the more recent observations of Dr. Herschel being
always added. The first column contains the numb-- of the
nebula, and the time when the observation was made ; the sccond
and ‘hid, its right ascensior and declination for that time,
winch are more convefient than their longitude and latitude for
finding them on a celestial globe.  The fourth, its diameter in
degrecs and minutes 5 and the lust, some general remarks on its
appearance. Al the nebula in this class may be seen with
good telescopes of 1 moderate rate. .

Carvocve of 113 Nebulw, the Positions of which huve Zoen des

tcrmined by Messier.

No. and

yow . .

when Position of the Nebule. IS:‘“E: Ascen. Dedlination. D:::ne-
obscryved. 5“"“' *

1758

1 Above the Bull’s south-
¢ crn horn, west of 3,° | 80 0 38 | 21 45 27 N
1760 .

2 | In head of Aquarins,
near the 24th star,® | 320 17 0| 1 47 Os. 4

1764

3 | Between Arcturus and .

Cor Caroli,* 202 51 19 | 29 32 57 N. 3
4 | Near Antares,’ 242 16 56 | 25 55 40 s. 24
5 | Near G Serpent,® 226 39 4| 2 57 16N 3
6 | Between bow of Sagit.

and tail of Scorpio,f 261 10 39 | 32 10 84 s. 15
7 | Near the preceding,” | 264 30 24 | 34 40 84s. | 30

« A whtitish light elongated like the flame of. a taper. It cxhibited a motted
nebulosity to Dr. Herschel.

» I;istylike the nucleus of a comet, surrounded with a large-zound nebula.
Dr. H. resolved it into stars. .

< Tt is round, bright in the centre, and fades away gradually. It exhibited &
mottled nebulosity to Dr. H. 4 A mass of small stars.

* A round nebula. Resolved into stars by Dr. I ©.A mass of smallstars.
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8 | Between bow of Sagit—
tarius, and right foot

4 of Ophiuchus,$ 267 29 30 | 24 21 10s. | 30
9 [In the right leg of O- .
phiuchus,® 256 20 36 | 18 13 26s |- 3
10 | In the girdle near 30
Ophiuchus,! 25112 G| 842 18s. |. 4
11 | Near K. Antinous,* 279 85431 6 31 1s. 4

12 | Between arm and left
side of Ophiuchus,! 248 43 10| 2 30 28 s. S
13 | Inthe girdle of Hercu-

les, between 2 stars of
* the 8th mag.™ 248 18 48 | 36 54 44 N. 6
14 | In the drapery over the
R. arm of Ophiuchus,” 261 18 g9 | 3
15 | Between the head of
Pegasus and that of

o
&
[
~3

the Little Horse,® 319 406 19 | 10 40 3 N. 3

16 | Near the Serpent’s tail,?| 271 15 8 | 18 51 44 N. 8

17 | North of bow of Sagit.s | 271 45 48 | 16 14 44 s. 5

+ 18 | Above the preceding,” | 271 34 3 | 17 18 14 s. 5
19 | Between Scorpio and

R. foot of Ophiuchus,’| 252 1 45 | 25 54 46 s. 3

20 | Between bow of Sagit.
and R. foot of Ophiu-
chus,* 267 4 5122 59 10s.
21 | Near 11 Sagittarius,* 2067 31 35| 22 31 25 s. 6
22 | Near 25 Sagittarius,® | 275 28 39 | 24 6 11s. |- 15
28 | Near 65 Ophiuchus,x | 265 42 50 | 18 45 55 s. |10 30
24 | Near end of bow'f Sa-
git. in Milky Way,, | 270 26 0| 18 26 0s.

25 | Near preceding; near .
21 Sagittarius,* 127425 019 5 Os. 10
26 | Near nand o Antinous,2| 278 5 25| 9 38 14 s. 2

& An elengated mass of stars. Near this mass is the 9 of Sagittarius, which.
is encircled with a faint light.

k Round and faint; but resolved by Dr. I. into stars.

! A fine and round nebula. Resolved into stars by Dr. H.

® A mass of many small stars nuxed with a faint light.

! Round and faint. Near it is 4 star of the 9th mag. Resolved by Dr. H.
into stars. .

=@ Round and bright in the middle. Resolved by Dr. H. into stars.

® Round aud faint. Near astar of the 9th mag. Renolved into stars by Dr. H.

° Round and bright in the centre. Resolved into stars by Dr. H.

P A mass of small stars, mixed with a faint light. Resolved by Dr. H.

9 A train of faint light with stars.

* A mags of small stars surroynded with nebplosity. .

¢ Roupd, and resolved into stars by Dr. H.

t A of stars of the 8th and 9th mag. surrounded by nebuloaity.

= Round, and resolved into stars by Dr..il. ¢

= A mas3s of stirs very near each other,

¥ Great nebulosity, containing several stars. The light is divided into seve-
ral parts. Resolved into stars by Dr. H. t A masp of small stars..

Iy
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27 | Near 14 of the Fox," | 297 21 41 |22 4 ON. 4
28 | A degred from A Sagit-

tarius,b 272 20 30 | 24 57 11 s. 2
29 | Below 4 Cygni,* 303 54 20 | 37 11 57\
30 | Near 41 Capticorn,® 321 46 18 | 24 19 4 s. 2
31 | In Andromeda’sgirdle,® 726 82|39 9 82nN.| 40
*32 | Below the preceding,t 7 27 32| 38 45 84 n. 2
33 | Below the head of the ‘

N. Fish and the Great

Triangle® 20 917129 82 23nN.| 15
314 | Between Medusa’s head

and the left foot of

Andromeda,® 36 51 37|41 39 32 N.| 15,
35 | Near g and » Castor, 88 40 924 33 SON.| 20
50 | Near ¢ Bootes,* 80 11 42 | 34 8 6. 9"

47 | Near the precedings | 116 3 58 | 14 50 8.
48 | Near the three stais at
° root of Unicorn’s tail,*| 120 36 0|1 16 42 s.
49 | Nearp Virgo,’ 184 26 58| 9 16 9.

37 | Near the preceding,’ 8415128211 51N 9

35 | Near ¢ Auniga,™ 78 10 12 | 86 11 51 N.
39 | Near the Swan’s tails | 920 57 10 | 47 25 ON.| 15
40 | At the root of the Great .

Bear’s tail,® 182 45 30 | 59 23 50 N.J1° O
41 | Below Sirius,? 98 58 12 | 20 33 O .

1705
42 | Between ¢ and ¢ in O-
— rion’s sword,? 80 59 40| 534 6 6
1769
13 | Above the preceding, | 81 3 0| 526375,
14 | Bctweenyand 3 Cancer,”| 126 50 30 | 20 31 '38 ~.
45 4 The Pleiades, 53 27 4|23 22 41 n.
46 | Between the G. Dog’s
head and the hind feet
177 of the Unicorn,» 112 47 483114 19 T s

& Oval. It exhibited a mottled nebulosty to Dr. H.

5*Round, and resolved into stars by Dr. Ha < A mass of 7 or 8 small stars,

¢ Round, and resolved into stars by Dr. H.

It resembles two cones of light jomned at their base, which 18 15’ broad IRe-
solved nto stars by Dr. I1.

f Round, w thout stars, and with a faint light.

& Tts light 1« umform and whitish. It exhibited a mottled nebulosity to Dr. H,

h A roass of small stars. 1 A mass of small stare near Castor’s left foot.

& A mass of ymall stars.

! A mass of small stars, with a nebulosity. Resolved into stars by Dr. FL.*

™ A square mass of small stars. n A mass of small stars.

° T'wo stars very near one another. P’A masg of small stars.

9 A beautiful nebula, contarming 7'small stars.  See Plate VI, Sup. Fig. 12,

* A star surrounded with nebulosity. ¢ A mass of small stary.

* Cluster of stars. v A mass of stars, with s httle nebujossty,

* A mass of small stars. s See Mem. Acad. 1779,
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50 |Above 8 Great Dog,* 102 57 28 | 7 57 42 8.
1772

Below » Great Bear,
51 | Netr the ear of the 200 5 48 | 48 24 24 N. .
1774 Northern Greyh.* :
52 | Below d Cassiopeia,® 948 39 27 | 60 22 12 N. -

53 | Near 42 Berenice’s hair,| 195 30 26 | 19 22 44 N.
1777 i

54 | In Sagittarius,® 280 12 55| 80 44 1 8. 6 !
1778 |
55 | In Sagittarins,’ 2091 30 25 | 31 26 27 s. l

56 | Near the Milky Way,* | 287 0 1|29 48 14 ~.
1779 } ‘
57 |Betweenyand 8 Lyra®| 281 20 8| 82 46 3.
%8 | In Virgo,® 186 37 231183 2 42 N.
59 | Near the Preceding,h 187 41 88 | 12 52 86 w.
60 | In Virgo, 188 6 53|12 46 2 N.
61 |In Virgox 182 41 5| 542 5N
62 | In Scorpio,! 251 48 24 | 29 45 30 s.
63 | In the Canes Venatici,”| 19§ 5 30 | 48 12 87 N.
1780
64 | In Berenice’s hair, 191 27 38 | 22 62 81 N.
65 | Inthe Lion,° 166 50 54 | 14 16 8 .
66 | Very near preceding,? | 167 11 39 | 14 12 21 N.
67 | Belowthe southern claw

of the Crab, 129 G 57| 12 36 38 N.
68 | Below'the Crow,” 186 54 33 | 25 80 20s. | 2
69 |Below the left arm of

Sagittarius,' 274 11 46 |1 82 81 45s8. | 2

70 | Near the preceding,’ 277 1816132 81 7Ts. |2
71 | Betweenyand3Arrow,y 295 59 9| 18 18 ON~.| 8 307

s Mass of small stars below Unicorn’s right thigh.

8 Double. The two atmospheres, whose centres are 4’ 35” distant, touch one
another, and are bright in the middle. The one is fainter than the other. Re.
solved iuto stars by Dr. .. .

b Mass of stars, mixed with a nebulosity, according to Dr. H. This cluster
appears like a solid ball, consisting of small stars, quite compressed into one
blaze of light, with a great numbcr of loose ones surrounding it.  See Plate V,
Sup. Fig. 10. ¢ Round, and resolved into stars by Dr. H,

Faint, and bright in the centre.

e A white s Resolved into stars by Dr. H.

f Faint, and resolved into stars by Dr. H.

4 & Round, and consisting of & mottled nebulosity.

:‘gery g::t, without any star. ! Brighter than the two preceding.

ery faint.

‘n‘ ' Like a comet, with a brilliant centre, surrounded with  faint light. Re-
solved into stars by Dr. H. m Very faint, * = Faint.

© Faint, but resolved into stars by Dr. H. ,
nVeryﬁim,bmmolvedinwmub{Dr,H. ..

. 1 A mass of stars, with ncbulosity. It is a clusfér, pretty much compressed,
ih which Dr. H. has observed 200 stars at once, with a power of 157. 1
* Very faint. * Faint, like the nucleus of & small comét.
¢ Near four telescopic stazs. % Very faint, and resolved into stars by Dr. H.

s .

s

s
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72 [ Abovetailof Capricorn,” 310 20 49 | 13 20 51 8. | 2
73 | Near the preceding,? | 311 43 4 | 13 28 40s.
74 | Neary insthe string that .
connects the' Fishes,®.| 21 14 9| 14 89 85 n.
75 | BetweenSagittariusand
. head of Capricorn, | 298 17 24 | 22 32 28 s.

76 |In Andromeda’s right

foot,» 22 10 47 | 50 98 48 N. | 2
77 | In the Whale,* 37 52 33| O 57 48 s.
78 | In Orion,? 83 53 35| 0 123s.) 8-
79 | Below the hare, 78 40 2| 24 42 57 s.

80 | Between g & 3 Scorpio,t| 210 59 48 | 22'25 185, | 2
1781
81 | Nearthcear of G. Bear,¥ 14% 27 44 | 70 7 24 .}
82 | Near the preceding,k | 144 29 22 | 70 44 27 N.
83 | Near Centaur’s head,! | 201 8 13 | 28 42 27 s.

8% |In Virgo," 183802114 7 1N
85 | Above and near Spica,' | 183- 85 21 | 19 24 26 w.
86 | In Virgo,™ 188 46 21 | 14 9 52 N,
87 [ In Virgo, 184 57 61338 1w
88 |In Virgo," 185 15 49 | 15 87 51 ~.
89 | Near No. 87,7 186 9 86| 13 46 49 N.
90 | In Virgo,r 186 27 0| 14 22 50 ~.

=01 | Above the preceding,s | 186 87 0|14 57 6~.| .
92 | Between the knee and .
left leg of Hercules,” | 257 88 8| 43 21 59 N.| 5
93 | Between the Great Dog
‘| and the Ship,s 113 48 85|28 19 45s. | 8

94 | Above Cor Caroli, 190 10 46 | 42 18 43 N. | 2'30”
95 | Inthe Lion,abovel® | 158 3 5|12 50 21 ~.
96 | Near the preceding,x | 158 46 20 | 12 58 9.
97 | Near B Great Beary 165 18 40 | 56 13 30s. | 2

L}

= Faint, but resolved into stars by Dr. H.

3 Three or'four small stars, containing a little nebulosity.

t Very faint, but resolved into stars by Dr. H.

& Composed of small stars, with nebulosity. Mechain mekes it only nebulous.

v Composed of small stars, with nebulosity. Small and faint.

© A mass of small stars, containing nebulosity. .

4 A mass #f stars, with two bright nuclei, surrounded with a nebulosity.

¢ A fine nebula, bright in thé centre, and a httle diffased. Resolved into a
mottled nebulesity by Dr. H. £ Round and bright in the centre, likea comet.

% A littleoval, bright in the centre, andexhibiting a mottled nebulosity to Dr. H.

b Faint and clongated, with a telescopic star at its extremity, It shews a

mottled nebulosity to Dr. H. | Very faint.
k Bright in the centre, and surrounded with nebulosity. 1 Very faint.
m The same as No. 84, and near it. » As luminous as the preveding,
© Very faint, and like No. 58, ? Very faint.
9 Fainter than the preceding. .

* A beautiful nebula, bright in the centre, and surrounded with nebu.
losity. Resolved into stars by Dr. H. * A mass of stazs.

¢ Bright in the centre, with a diffused nebulosity. s Very faint.

'Fnintuthantbepmeding.. '

Y Very faint.  Another near it, and another near y.
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[ 98 | AboveN.wingofVirgo,* 180 50 49 | 16 8 15 ~.

99 | On N. wing of Virgo,* | 181 55 19 | 15 37 12 .
100 | In earof corninVirgo,* | 182 59 19 | 16 §9 21 n.
101 | Between left hand of !

Bootes and the tail of

the Great Bear,® 208 52 45524 25N.| T
102 | Between o Bootes and ¢

Dragon,°
108 | Between s and 3 Cas-

siopeia,?

£ Very faint. «

s Brighter than the preceding. Between two stars of the 7th and 8th mag.

{ ®Very faint. Discovered by Mechain. Mottled nebulomty, according to
Dr. Herschel. © VH] famnt, discovered by Mechain. 4 A mass of stars.

Dr. Herschel has dividqd the nebulse which he has observed
into eight classes, viz. 1. Bright nebule. 2. Faint nebula.
8. Very fuint nchule. 4. Planetary nebule. 5. Very large
nebule., 6. Compressed clusters of stars. 7. Pretty much

essed clusters of large or small stars, And, 8. Coarscly
scattered clusters of stars.

In the following Catalogue we have given the whole of Dr.
Herschel's first class, amounting to 288, being those which
may be most readily seen by ordinary telescopes. It dots not
include any that are given in the preceding catalogue. Our
limits will not permit us to give Dr. Herschel's remarks upon
the nature of cach nebula. We have therefore confined the
catalogue solely to their position in the heavens. The letter
¥, siguifies following, and P. preceding, S. south, and N, north,
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80 67 10K 0 46N.
81 41 Leonis min. 0 %P ‘1 40N.
82 14 b Comee, 87, 40P 0, 148.
83 | 21gCome, 0 0F. 1 12N
84 19 84F. 0 5§N.
85 40 Coms, 5 9OF. 0 18N.
86 39 Leonis min. 18 14P. 0 59N.
87 44 Leonis min, 9 30F. 1 IN
88 13 80F, 0 1N.
89 14 5 Comee, 8 18P. |- 0 85N.
90 6 30P. 1 B7N.
91 15 ¢ Comee, 1 10F. 0 19N.
92 9 8T 0 19S.
53 | 381 Comm, 2 56 F. 1 % N.
94 | 61 Urse, 0 6F. | 2 MIN.
95 8 OF. 2 TN.
96 14 Canum, 5 8F. 1 12N.
97 7 587T. 0 47N.
98 86 50F. | 0 128,
99 27 v Bootes, 13 46 P. 1 468S.
100 41 Cetn, 13 43 F. 0 48N.
101 | 67, 17 19P. | 0 25N.
102 21 87F. 0 13S.
103 14 Delphini, 16 10P. 0 8S.
104 93 ¥ Aqua, 1 8PF. 0 42N.
105 47 Ceti, 26 24 F. 0 878.
106 | 89, 38 10F. | 1 24S.
107 | 20 Eridani, 4 8F | 1 48
108 | 111  Piscium, | 84 22P. | 0 18.
1 109 12 Eridani, 7 17P. 2 54N.
110 | 9 Ceti, 44 OP. | 0 47S.
111 43 3P. 0 68
112 5 y Arietis, 5 48F. 0 17S.
118 686 4th « Can. 18 22F. 1 84N.
114 18 Lconis min. 13 89 P. 0 858.
115 5 4TP. 1 10N.
i }37 n 5F |1 1IN
118 48 Urse, 3 41P. 1 82S.
119 | 81 lst d Virgin, 6 OP 0 55N.
120 30 y Crateri, 9 OP. 0 17N
121 | 18 n Virgin 18 .15P.. | 0 198.
122 | 57 w Eridani, 4 OP."| O 22N.
128 | 60 ¢ Virg. 52 27P. | 0.808.
124 39 57P. 0 88
125, 39 12P. | 12 68
f‘-‘\"
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126 108, . 0 85P. 1 15N.
127 110, . 1 47>P 0 238
148 . 3 81F. 0 80S.
1:9 26 x, 9 46 F. 0 41 8.
130, 26 85 Y. 0 38
131 14 ¢ Crateni, 0 29F. L1 8N.
132 26 Hydrz, 1 4F. 0 4N. |
133 49 g Virgin, 16 4P 0 18N.
134 13 27D. 0 1I3N.
igg 68, 32 2P. | 0 1IN
187 41 Lyncis, 8 13 F. 0 8N
138 102 ¢ Hyﬁlrte, 33 45 1. 1 27N.
139 11 s Vargin, 12 171 1 218
140 39" 55 F. 0 818
141 45 50F. 1 828.
142 817, 6 35P. 0 ON.
148 48 3 Virgin, 4 B55F. 2 7S.
W4 109, 25 58P, 0 54N.
}256 °5 14P. | 1 27N
147 43 ()phiuchi, 8 54P. 1 17 8.
148 24 « Serpent, 22 26 P. 1 16 S.
149 40 ¢ Ophiuchi, 0 14F 1 82N.
150 27 58 F 0 36 N»
151 71 « Piscium, 21 41 F 1 41N
152 24 ¢ Arnietis, 16 23 P 0 20 N.
153 59 2d v Ceti, 23 16 P 0 6S.
154 14 Triang. 1 28F 0 59 N.
155 32 Eyridani, 7 49 F, 1 18, |
156 12 p Persei, 1 41P. 1 10S.
157 90 v Piscium, 28 9F. 0 13 N.
158 48 » Eridami, 4 32P. 1 468.,
159 20 « Cassiop. 8 80F. 0 83N.
160 29 v Virgin, 6 17P. 2 198.
161 6 Come, 12 58 F. 0 b558S.
162 29 Comee, 10 85 F. 0 2N.
163 20 Sextantis, 8 20P. 0 228.
164 38 Leo min. 2 54P. 0 868.
165 6 Canum, 15 42 P. 0 2 N.
166 1 20P. 0 23N.
167 | 10 % Ursee, 13 43F. | 1 30s.
168 84 u, 4 9P 0 6S.
169 | 6 Canum, 16 16P. | 0 53N.
- 170 s 28 12F. 1 6N.
lzl 53 2d » Bootes, 49 57 P. 1 10N.
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172 | 81 Leo min. 25 2P 0 8S.
178 8 19F. | 0 23N,
174 | 53 % Urse, 46 147F. 0 24N
175 18 Canum, 46 J3P. 2 28N
i } 16 88P | 1 26N
178 :
179 }8, %" S6F. 0 128
180 | 20, 29 OF. | 3 15N.
181 40 13F. | 1 11N.
182 1 Serpentis, 17 22P. 0 28
183 11 19P. 0 1IN
184 8 Libra, 8 21P. 1 158.
185 19 » Bootes, 11 6F. 0 1N.
186 47 14 P. 1 2 N.
187 2 15P 1 14N.
188 | S882dZ, 13 24P 2 44 N.
189 | 24, 3 57TF 0 238S.
150 }Canumam, 11 8F. | 1 118
192 3 Lacerte, 80 46P. 2 82 N.
193 | 54 ¢ Androm. 1 2P 0 54N.
194 | 56 Urse,, 3 19F 0 5N
195 | 67, 4 49F 0 2N.
196 " 1TF 0 38N.
}g;’ }s Canum, 3 82P. | 0 19N
190 | 15 Leo min. 32 1F. 0 248S.
200 | 59 2d « Can. 4 2P 0 2 N.
201 | 63 x Urse, 0 S5F. 0 17S.
202 0 47F. | 0 4N
203 | 59, 7 4F | 0 31N
204 | 9, 16 27P. 2 9N
205 22 18F. | 8 1N
206 | 3 Canum, 14 39 P. 1 8$5N.
207 14 OP. 1 828.
208 9 9P 1 382N.
209 3 83P. 1 68
210 | 60 Urse, 46 OF. 0 9N.
211 | 11 Canum, 5 47F. 1 588
212 | 60 Urse, 50 50 F. 1 58 %
2138 | 19 a Bootes, 110 25 P. 1 48N..
214 | 17x, 8 26P. 1 86N.
215, | Neb. 1I, 757, 3 27P. 1 148
216 | 22 Urse, 18 52 P. 3 48.
217 | 54 Persei, 9 2%F. | 0 8N
218 | 63 Aurige, 26 43 F. 0 208.
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219 &5 Ursee, 5 83 F 0 36 N.
220 64 4 Ugsee, 43 59 P. 0 208.
221 21 41 P. 0 878
222 o W 220P 0 858.
293 6 47F ‘e 45 S
224 | "1 Canum, 9 19P 3 108
225 § 3817 0 46 S
226 64 v Urse, 83 823 P. 0 348
27 15 28 P. 2 8TN
228 5 20P. 2 24N
229 3 46 F. 1 47N
230 83 Ursm, 20 24 F 0 27N.
231 24 84 F. 0 10N
232 21T 1F 0 16 N.
233 44 Urse, 1 14F. 0 16 S.
234 74 Ursax, 1 81F 0 28S.
285 12 : Dracoms, 66 52P 2 388
236 |- 59 56 2 18 8.
237 54 10P 0 528.
238 69 Ursxe Hev. 27 65 P. 0 328.
239 28 10F 0 17 S.
240 28 84 F. 0 178, |-
241 19 Hyd. Crat. | 14 43 P. 0 57S.
242 15 f Urse, 15 40 P. 0 218
243 77 s Urse, 1 47F. 2 25N.
244 39 Urse, 36 44 F. 0 40N.
245 59 27F. 1 58N.
216 66 Urse, 20 19P. 0 20N
247 28 13 P. 2 ON.
248 T 5P 2 52N .
249 17 Urse=, 9 OP 3 43N
250 4 TP 8 17N.
251 76 Ursee, 50 48 P. 2 8Ss8.
252 41 11 P. 0 84S.
253 41 46 P. 0 518.
x| 258 1 47 P. 1 8 8.
256 69 Ursae Hev. 19 26 F. 1 1N.
256 21 83F. 0 18 N.
257 12 Eridani, 16 88 F. 1 588.
?* 258 47 » Persey, 8 41P. t ON.
‘{259 | 17Hydree Crat.| 18 81F. | 0 27N
mo 28 h Urse, 1 49P. 0 848
1 88 of Connois. 8 TR 1 858,
262 1 » Draconis, 2 6‘11: 2 418S.
263 4 Draconis, 22 48"P. 0 288S.
264 14 18 P. 1 36N.
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265 87 Urse, 16 16 P. 1 §N
266 13 85 P. 0 11 8.
267 39 Ursw, 11 21 F. 0 10S.
268 12 46 F. 0 4S8
269 18 17T 0 2 N.
270 35 S6F. 1 42N.
271 35 54F. 0 66N. |
272 Georgium Sidus,| 0 53 P. 0 6N
273 | A double star, 5 4&F 0 3998S.
274 10 13F. | 0 248.
275 5 Dracon. Hev. 1 82F. 0 12N.
276 2 45F. 0 12N.
217 0 207F. 0 20 N.
278 11 5P 0 158.
279 10 28 P. 1 388 N.
280 16 £ Ursee llrnm. 51 53 P 0 8N
281 = Apps Sculps,

A 95’117S } 1 #7P. | 0 27N
282 | 208N Camelo | ,x

o e } 158 15P. | 2 43S.

283 113 40P 3 48S.
284 8 18P. 0 23S.
285 24 d Urse, 13 14 F. 1 538.
286 80 OF 1 88.
287 1a Draconh,f 4 87P. 1 18N
288 184 Camelo. o

Bode's Cat. 11 58 P. 2 848.

A table of ncbulee m the southern hemisphere, by La Caille,
may be seen in the Connaissance des Temps for 1784, p. 270.

X. ON STCLLAR NEBULZXE, OB THOSE WI1TH BUBRS.

Dr. Herschel supposes that stellar nebule may be real clus-
ters of stars, the whole light of which is collected so nearly into
_one point as to leave but just enough of the light of the cluster
visible to produce the appearance of burs. See Nos. 21, 31,
32, 46, 47, 49 of the following catalogue.

X)X, ON MILKY NEBULOSITY.

Dr. Herschel considers the phenomena of milky nebulosity as
of two kinds, one of which arises from widely extended regions
of closely connected clustering stars, like those which form the
Milky Way; while the other is real, and possibly at no great
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distance. The changes which the milky nebulosity of ¢ Orion
has umdergone, both in shape and lustre, seem to indicate that
it is not composed of stars. He conceives that this fumi-
nous matter may, somehow or other, be formed by means of
the light that is continually 1ssuing from the mnmmerable suns
that fill the immensity of spacc. See Nos 43, 45, M, 76. Sev
alsp Phil. Trans. 1791, p. 71, and Plate VI, Sup. Fig. 12.
&

XII. OF NEBULOUS STARS.

A nebulous star, which is represented in Plate V, Sup Fig
14, is a luminous point, surronnded with an immense visible
atmosphere. Dr. Herschel thinks that the central point is a
star, from 1ts complcte resemblance to a star of equal magni-
tude. See Nos. 45, 48, 52, 65, 69, 7% Sece also Phil. Trans.
1791, p. 71, -

XIIT. ON PLANETARY NLBULE.

Planetary ncbule, one of which is represented in Ilate V,
Sup. Fig. 11, is a circular space in the heavens, uniformly lu-
minous, resembling a planetary disc. The light of one of these
nebule, 15” in dianieter, was hardly equal to that of a star of
the 8th or 9th magmtude Hence Dr. Herschel supposes that
they can scarcely be bodies Ll.c our Sun, as a part of the Sun’>
disc, 15” in diameter, would exceed the greatest lustre of the
full Moon.

« If, on the other hand,” he observes, ¢ we should suppose
them to be groups or clusters of stars, at a distance sufficiently
great to reduce them to so small an apparent diameter, we shall
be at a loss to acconnt for their uniform light, if clustersy or for
their circula: forms, if mere groups of stars. Perhaps they may
be ratler allied to nchulous-stars ; for, should the planetary
nebule, with lucid centres, be an intermediate step between
planetary ncbula: and nebulous stars, the appearances of these
different species, when all the individuals of them are fully ex-
amined, might throw a considerable light on the subject.” See
NDS. l, llq 18, 27, 51, 53, 60, 64‘, 70-

AIV. ON PLANETARY NEBULE, WITH CEN1RES.
This tlass differs only from the last in having a bright cen-
tral point, as represented in Plate V, Sup. Fig. 14. Dr. Her-
schel revoarks, that if a gradual condensation of the nebulosity



CH. XI. ON THE FIXED STARS. 813
about a nebulous star could take place, the stdr No. 78 in the

following catalogue would be one of them, in an advanced state
of compression. See No. 37.

Cuarirocue of Planetary Nebulw, Stars with Burs, Milky
«  Chevelurcs, Short Rays, Remaglable Shapes, &c. relating:
to the five preceding Articles.

Difference of Right
Stars by which the Ne- | Adcension between |  Difference 1n
Number.| ~pylp may be found. | the Nebule and the| Declmation.

(%)
bl

18 14 Androm.
19 5 Monocer.

<
.

2l | 12 Lepors,

22 7 ¢ Navis,

23 75 Ceti,

24 50 ¢ Ouonis,
¥ 19 Nawis,

26 84 4 Eridani,
27 6 35 Crateris,
25 81 Crateris,
%9 4 » Crateris,
30 14 Canum,

31 50 Aquarii,
32 625 Erldam,
33 49 d Orion,
84 40 2d ¢ Orion,

- [ ek
A cr v ean R INow TR~ EeIwn®
Tl

Star. .
M. S.
1 13 y Aquani, 5 24P N.
2 13 Monocer. 6* 4F N.
3 15 Monocer. 8 18P. N.
4 69 L.conis, 10 3F. S.
5 29 y Virgmis, OP. N.
6 59 ¢ Leonis, oPr. S.
7 51 m Leon:s, 0 F. S.
8 34 Virgims, 12 P. S.
9 51 m Leonis, 15 P. S.
10 51 ¢ Ophiuchn, 42 P. N.
11 Sagitts, OF. N.
12 !{h Slgm, 6 P. ]
18 21 Vul 6 F. N.
14 ux]m, 6 P. S.
15 21 « Androm. 6 F. S.
16 16 » Sagittar. 2F. N.
17 81 Ceta, 30 F. N.
P N
P. S.
P N.
P.
F.
P.
F.
P.
F.
r.
K.

-2
22 2L 2N
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42

V‘w
47

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

69

70
71
e
%3
N

76
m

{

9 Hydre,

60 Orionis,

28 & Draco,

55 QOrionis,

2 Navis,

68  Virginis, -
14 Sagittarii,
51 Ceti,

26 8 Persei,

5 Monocero.
55 3 Gemin.

99 . Virginis,
44 I
19 Lco min.
102 1<t Vire
77 = liercul.
61 g Sagitt.
4 d Cassiopeia,
10 Camelopard,
67 Ursz,

34 Lyncis,

56 Ursae,

85 « Hercul,
24 Cephei,

55 Urswe,

36 Uyswe,

64 y Ursie,

69 Ursz Hev.

6 Navis,

28 Monocero.

17 Urea,

66 Urse,.

45 Lyncis,

26 Aurige, or
81 Hevel.

6 Draconis,

37 £ Bootes,

84 Cygni,

16 ¢. Cygm,

7 Cephet,

7 Cephei,

8y Cephei,

16 Endani,

8 Urse min. of
‘Bode’s Cat. ,

M.

8
11
20
18

S

30
1

®© -3
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Ot et
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11 1.
27 1.
28 F.
59 F.
37 ¥.
56 1.
27 F.
24 ¥.
41 P.
49 P.
29 P.
39 P,
15 P,
24 P.
59 K.
27 F
5F.
10 P.
51 F.
57 P.
40 F.
31 P.
56 F.
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Remarls on the Ncbula in the preceding Catalogue, according
' to Dr. Herschel's Observations.
No. 1. A very bright planctary disc, ncasly roupd, but not
w ell ddfined.
* 2. Comsiderably bright. Represcnted in Plate V, Sup. Fig.
3. Lile astar with an clectrical brush. See Plate V, Fig. 10
1. Tixtremely faint, ke a star with a very faint brush.
5. A star with a milky ray, 15 or 20’ long.  Sce Fig. 21.
6. A central bright point, with a milky clievelure.
8 and 9. A close double nebula. The chevelures run into
cach other.
10. Star with a faint brush N. F. and two small stars visible
in i
11. Defined planetary disc, 30” or 40" diameter.
12. 8 or 4 diameter, like a brush to a star N. P.
13. 1" diameter, round, aud well defined.
11 1 diamecter, and resolvable into stars.
15. A {faint star, with a small chevelure and two burs.
- 16. Pretty bright, round, pretty well defined, and 45” in dia-
meter.
17. A small star, with a faint ncbulous brush, about 2’ long.
18.. A round, bright, well defined planetary disc, 15" in dxa.-
meter.
19. A star of the 9th magnitude, with an elliptical milky
chevelure.
20. A star of the 12th magnitude, like the preceding.
* 2l. Stellar, with a very bright nucleus, and a faint cheve-
lure, not quite central. .
22. & diameter, round, and easily resolved into stars.
23. A very bright nucleus, with a chevelure, about 4’ dia-
meter.
»24. A=bright star, with a chev elun, 5 long, and 4 broad.
25. A considcrable star, with a very faint, small, and irre.
gular milky chevelure.
26. A bright, round, ill defined planetary disc. It is re-
_solvable on the borders, and is probably a very compressed
" cluster at an immense distance.
27. A beautiful, brilliant planetary disc, ill defined, But uni-
formly bright, 40" diameter.
28. A pretty bright and large opening, with & branpk, or
two nebule, very faintly joined.

~

1
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29. A very small star, with a very faint brush preceding.

80. Two stars, &' distant, connected with a faint narrow ne-
bulosity. ;

81. Stellar, with a pretty large chevelure.

32. Small and bright in the middle, hke a star affected with
irregular burs.

83 A star with milky chevelure, or a very bright nucleus,
with mlky nebulosity.

34. An 1ll defined plnnetary nebula,

85 A small star, with a brush S. P.

86. A star not quite in the centre of 2 milky chevelure.

87. A very bright planetary ncbula, about 35” diameter. Its
edge is ill defined. After long attention, a very bright, well
defined, round centre becomes visible.

88. A considerable star, with a faint milky chevelure.

39. A bright round nebula, within a cluster. It is 2’ diame-
ter, but is unconnccted with the cluster.

40. A pretty bright star, with a sceming brush north pre-
ceding it.

41. A double star, with extensive nebulosity of different in-
tensity. About the double star 15 a black opening, resembling
the nebula in Orion.

42. A star of the 8th or 9th magnitude, with faint branches,
each 1’ long.

43. A pretty bright star, with two faint branches.

44. A star in a milky chevelure.

45. A star of the 9th magnitude, with a pretty bright milky
nebulesity, equally dispersed all around; a very remarkable

phenomenon.
46. A small, but pretty lmght stellar nebula, like a star with

burs.

47. A pretty bright stellar nebula, resembling a star with a
"bur all around.

. 48. A faint star, with a faint nebulosity, extending 1’ S. P

and N. B. "

49. A pretty bnght stellar nebula, with a small bur all around.

50. Bright and round 4 diameter, equally bright, with a mar.
gin resolvable into stars.

51. A small, bright, and rotnd beautiful planetary nebula,
10” or 15” diameter. It is considerably hazy in the edges, but
of an uniform light. :
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* 52 A star of the 9th magnitude, with a faint and small ne-
bulosity about it. ) N

58. A pretty bright planetary nebula, nesr 1’ diameter, round.
ish, of uniform light, and pretty well defined.

. 54 A considerably bright small nucleus, with faint chevelure.
~~55. Pretty bright and round. Its light is pretty uniform,
but ill defined, and a little fainter at the edges, 1’ diameter.

56. A considerably bright nucleus, in the middleof an exten-
sive chevelure, 5 in diameter.

57. A small star in a faint nebulosity.

58. A star of the 9th magnitude, surrounded with faint milky
ncbulomity.  The star1s exther double or not round.  Less than
1’ diameter

59. A considerably well defined nucleus, with a very faint
chevelure.

60. A bright round planectary nebula, but indistinct on the
edges, so as to make 1t a stdp between planetary nebule and
those which are described as very suddenly much brighter in the
middle.

61. Bright, with a bright round nucleus, and very faint
branches, ¢xtending about 30° N. P. and S. F. or 8 long, and
5 broad.

62. Considerably bright, and quite round,, A large space in
the middle, equally bright, but less bright at the margin.

63. 4 in diameter, round, and much brighter in the middle.

6%. A bcautiful planetary nebula, of a considerable degree of
brightness, about 12” or 15” in diameter, not well defined.

65. A star of the 9th or 10th magnitude, affected with a faint
nebulosity all around.

66. A small star, with a pretty bright fan-shaped nebula.
The star is on the preceding side of the chevelure, and seems
connected with 1t.

»==67. Between 2 and 8 in diameter, round and bright. The
greater part of it is equally bright, then fading away suddenly.

68. Bright and round, with a bright nucleus in the middle,
and a faint chevelure joined to it.

69. A small star of the 8th magnitude, with a faint luminous

* atmosphere, of a circular form, about 3’ in diameter. ,The star
is exactly in the centre, and the atmosphere s0 diluted, faint,
and equal througheut, that it cannot be supposed to consist of
stars, and the star and the atmosphere are evidently connected.
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70. Round, considerably bright, and 30” in diameter. It
resembles an ill defined planetary nebula.

*+ 71. A star of the #7.6 magnitude, enveloped in an c\tcnswc
mllky nebulosity.

72. A double star of the 8th megnitude, with a famt milky
ray S. P. joined to it, about 8 long, and 1’ 30" bread.

73. A bright point, a little extended, ke two points close to
one anather. 1t is as hright as a star of the 8.9 magnitude, sur-
rounded by a very bright milky nebulosity. suddenly terminated,
having the appearance of aplunetary nebula, with a lucid centre.
The border is not well defined. It is perfectly round, and about
¥’ 80” ivdiameter. "This is a beautiful phenomenon, and isof a
middle species between the planetary nebule and nebulous stars.

74. A star of the 7th magnitnde, with a nebulosity extend-
ing a degree all around. .

75. Three stars of the 9th magnitude, involved in nebulo-
sity, about 1’ 80” in diameter,  *

76. Faint, with a bright nucleus in the middle, secining to con-
sist of stars. 'The ncbulesity, of 6’ or 7 is of the milky kind.

77. A star of the 9th or 10th magnitude, with a ncbulous
ray about 1 30” long on the 8. P. side.

78. Considcrably bright and round, approaching to a plane-
sary nebula, with,a strong hazy horder, 1’ 30” 1 diameter.

CHAY. XIL

ON PRACTICAL ASTRONOMY, WITH AN ACCOUNT OF THE IN-
STRUMENTS USLD IN OBSERVATORILES.

Pracricar Astrovomy is that branch of the scionce which
treats of the description and use of Astronomical Instruments,
the object of which is, to determine the magnitil.s of #i
heavenly bodies, and their position in space.
The,principal instruments which are used in observatories
arc the following :—
1. Micrometers.
. 2. Transit Instruments.
8. Quadrants. -
4. Circular Instruments.
5. Equaterial Instruments.
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Before we proceed to describe these instruments, we shall en-
deavour to explain the principle and construction of the Vernier
Scale, a simple contrivance, which forms a necessary part of
cvery graduated instrument.

The Veraier Scale is represented in Plate VIII, Sup. Fig. 2,

~where A B is a portion of the limb of an instrument, suppose one
degree, which is subdivided into twclve parts, each of which is the
12th part of a degrec, or 5 minutes.  In order to subdivide each
of these spaces into half' minutes, ascale E F is fixed to the tele-
scope. The index or zero at the commencemnent of this scale
is shewn at T, and as it points somewhere between 50 and 55
minutes on the limb A B, we hayve {o determine the exact num-
ber of minutes and half minutes to which it points. Asthe num-
ber of half minutes in any of the spaces on the limb is #en, add
one to this number, which makes eleven. and take eleven divisions,
viz. A @ on the limb in a pair of compasses; set this space from
I to.y on the scale, and divide into #» cqual parts, two of
which will correspond to one minute, and place the minutes
atl, 2, 8, 4, 5. Then, looking at the scale and the limb at the
same time, observe which division on the s~alc corresponds most
accurdtely with one on the limb, which in the present case will
be found to be the one marked 3} minutes. Hence the index
0 peinis to a spot 3} minutes beyond 50 minutes, that is, to
581 minytes, or 53’ 80”.

Since each division on the limb i1s one cleventh of the space
A z = 55 minujes, and since cach division on the scale is one
tenth of the same space, 1t will be 5} minutes ; and consequent-
ly cach division on the Vernier scale will be } a minute less than
each division on the linb.  But since the division line m of the
s~ale is coincident with the division line a on the limb, the line
n will extend beyond b one half minute, 0 beyond ¢ #wo half
minutes, p beyond d three half minutes, ¢ beyond e four
4mif mrmmtes, 7 beyond £ five half minutes, ¢ beyond g siz half
minutes, and I beyond % seven half Binutes, that is, the index
I will point to a spot seven half minutes, or 3}’ beyond the 50th
minute at A. ve

If we wished to subdivide the spacc of five minutes into 60
parts or every five seconds, then it would have been necessary
to take 61 divisions on the limb, and divide it into 60 parts for
the Vernier scale.
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. I. DESCRIPTION O} MICROMBTERS.

A micrometer is an instrument which is attached to a telescope,
in order to measure small spaces in the heavens, such as the
diameters of the Sun, Moon, and planets, &c. The micrometers
which are most commonly used, are the wirc micrometer and
the divided object-glass micrometer.

1. Wire Micromcicr.

This instrument, as fitted up in the eye-picce of a telescope,
isshewn in Plate VIII, Sup. Fig. 3, where S S Eis the eye-
piece which screws upon the telescope at 8§ S, E the place of the
eye, and M N the micromecter placed in the focus of the cye-
glass at E. A section of the micrometer through M N is
shewn in Fig. 4, where F F F F is a box or frame of brass, and
MP N a steel wire having the part M P (which passes through
a hole in the side of the box) formed into a fine screw with
200 or 300 threads in an inch. The other end Q N is guided
through a little tube F N. This wire either forms part of the
steel frame P Q R T, oris firmly fixed to it. To the point W of
this frame is fustened a chain W’ W, which coils round the box
W X, in which there is astecl spring. A graduated head A B
divided into 100 parts, and attached to the milled nut C', screws
upon the fine screw M P, and bears against the index 11, at-
tached to the box F F. If we now turn the milled head C so as to
screw it towards P, the steel wire M P N and its frame PQR T
will move towards A B, unceiling the chain 'W’'W fiom the
barrel or box X ; but if we screw in the opposite direction, the
spring in the box X pulling against the frame R Q, by the chain
W’'W, will causc it to move towards D N. A slender silver
wire, or the fibre of a spider’s web, being now stretched across
the lower side of the frame P Q R T at o p, may be moved across
the aperture of the telescope, by turning the milled head C.
Another wire m n parallel to o p is fixed upon the brassi.x, affu

“a third wire 7 s at right aﬁglcs to it. In general, however, it is
preferable to fix these two last wires to the upper side of another
frame, p ga 2, Fig. 5, which lies below the frame P Q R T, and
whichis capable of being moved by means of the screw Dd. These
frames are so constructed that the fibres m , 0 p can pass each
other without touching, and that when the one is behind the other,
they appear as one fibre. Let us now suppose that the instru-

" ment is put together as in Fig. 3, and that we wish to measure
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Cararoav of Two Hundred and Eighty-eight of the First
Class, or Class of Bright Nebule, according to the
Observations of Dr. Herschel,

’

Fixst Crass.
Ihfference of Right
. Stars by which the Ne- | Ascension m 'Tune| Difference m
Nambet.|  pyLs may be found. | between the Nebua|  Dechination
lr and the Star.
M. . D. M
1 82 3 Ceti, 2 17F. 0 8N
Q 3 Leonis, 18 7P 1 128
3 34 Sextantis, 28 55P. 0 138.
4 28 27P. 0 108
5 81 Leonis, 2 42D 0 T7N.
6 64 Virginis, 33 56 F. 0 1IS.
v 49 Lconis, 126 45 F. 0 408S.
8 g2 21 Virgin, 2 50F. 0 48N.
.9 10 » Virgnis, 3 12F. 0 3858
10 33 87F. 0 4N
u 5 Come Be. 1 30D 2 118
12 | 6 Coms, 9 12F. [ 0 4S.
13 69 Lconis, 7 57D 0 2N.
14 29 y Virginis, 0 431). 1 23N.
15 3 23 %F. 0 58N.
16 | ° 10 84 F. (l) és 1;
11 R 15 50F. 2 S.
W | Je8iLe, fl 16 8% | 1 295,
19 11 Come, 10 30 P. 0 46 N.
20 73 n Leonis, 8 52F. 1 578
21 25 31 F. 1 498S.
22 34 Virginis, 22 24P, 0 17S.
I 18 24 P. 0 198S.
24 30 ¢ Virginis; 1 42°P. 0 58
25 34 Virginis, 4 45N 0 408.
26 52 K Leonis, 3 45P. 2 98
29 46 i Leonis, 18 47 F.. 0 438S.
.| 28 34 Virginis, 19 36P. 1 8N.
29 73 n Leonis, 1-9P. 0 380S.
30 81 1d Virginis, 17 41P. 0 32N.
31 81 1 d Virginis, 8 0P [,0 8TN.
32 5 11 P 0 28N.
33 9 » Vigginis, 3 12F. 1 89N.
X
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36
b2\

39

41
42

44
45

177
48
19
50
51
52
53
54
55
56

57

58
59
60
61
62

64
65

67
68
69
70
71
72
73
74
75
76

"8

59 e Virginis
34 Virginis,

32 2d Virgin,
51 ¢ Virginis,

28 Virginis,
26 x Virginis,
49 g Virginis,
51 ¢ Ophiudii,
43 Ophiuchi,

1 m Aquile,

43 d Sagittarius,

10 o Sagittariuq,

19 5 Sagittarius,

22 » Sagittarius,

17 Delphini,

6G » Cygni,

35 » Andromeda,

66 Pegasi,
4 A Leonis,

19 Eridani,
15 ¢ Navis,
19 Eridan,

6 Scxtantis,
55 ¢ Ceti,

80 Ceti,

81 ¢ Eridani,
31 Crateris,
12 Hydree,

8 » Corvi,

53 Virginis,
106 Virginis,
19 3 Libree,
23 Leonis min.

13 Cgn. vena,
13 Cﬂ vena,

2% Ursee

AL
20
31
11

11
21
5
9
30
28
7
6
0

s.
42 F.
27
24 P.

36 P.
36 .
48 I.

24 F.

27 F.
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with 1t the sun’s diameter, asseen,in the fieldwof view rom s n p,
Fig. 4. Kuving turned round the whole micrometer till the
lower limb of the Sun moves along the fixed wire m @, turm
the nut C 80 as to bring the other wire 0p in contact with the
upper limb of the Sun, and so that the Sun in its motion through
the field of the telescope may be exactly comprehended be-
tween the wires. When this is done, the distance of the wires
m n, 0 p becomes a measure of the $un’s diameter. ‘Let the nut
C be now turned so as to bring the wire o p exactly into coinci.
dence with m n, and let it be carefully observed by means of the
scale upon F E, Fig. 8, and the divi-ions on A B, how many
turns and hundredths of a turn of the nut C are necessary to
vving the wires into eoincidence. Suppose the number to be
108.40, or 108 turns and 40 hundredths of 3 turn; then before we
can convert this measure into minutes and seconds, we must as-
certain experimentally the angular value of a given number of
tuins, suppose 100, which may be easily done by separating
the wires 100 turns, and’ observing how much of an object
placed at a given distance 13 comprehended between the wires,
Let the mterval comprehended by the wires be 40 feet, at the
distance of 4584 feet: then 1t will be found by experiment that
the angle corresponding to this is 30’ ; and hence we have the
{oll6wing analogy—

As 100 : 30 : : 10840 : 32 81".2.
the diameter of the Sun required.

The scale of the micrometer may also be determined by ob-
.serving the time in which an equatorial star pasces through
any given distance of the wires, and converting’ this into de-
grees by the Tablein Vol. I, p. 108.

2. Divided Object-Glass Micrometer.

The divided' object-glass micrometer is piincipally useful
for measuring the diameter of lucid discs, such as those of the
Sun and Moon, though it may be employed for all micrometri-
cal purposes. It consists of two semj-lenses, A, B, Plate VII1,
Sup. Fig. 6 (formed by bisecting a lens), eaéh of which givesa
separate imagé of the lucid disc. When the semi-Jenses are much
separatgd, they give two detached images, as at P'; when their
separation is less and of a certain amount, the two images are in
accurate contact, as at N ; witen they are still closér, the images
overlap one another, asat M ; and when the centres of Aand B
coincide, the two images coincide also, and form only boe image,

VOL. 1L b 4
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If the object-glass of a telescope is thus bisected, and if one
of the lenses is moved by means of a screw, in the same
manner as the frame is moved in Fig. 4, we may mcasure the
separation of the lenses by means of a scale subdivided by a
circular head ; and the value of any number of turns of the
screw may be ascertained in the same manner as in the wire
micrometer, 1n order to use the instrument, we have only to
direct it to the Sun, for example, and separate the semi-lenses
till the two images of it arc in contact. The separation of the
lenses will then furnish a measure of the Sun’s diamcter.

The simplest form of the divided object-glass micrometer is
that which I have described in my T'reatisc on New Philoso-
phical Instruments, p. 81. The semi-lenses are fixed at an i
variable dﬁistance, and are moved in tubes between the object-
glass of a telescope and its principal focus. The motion to-
wirds the focus oloses the images, and the motion towards the
object-glass shuts them ; and on a scale engraven upon tubes,
and formed experimentally, is pointed out the precice angle
subtended by the object, when its two images are in contact.

II. ON THL TRANSIT INSIRUMUNT.

A trapsit instrument is a telescope, moveable in the plane of
the meridian upon a horizontal axis, for the purpose of obscry-
ing the precise instant when any celestial object passes the me-
ridian, Qne of Mr. Troughton’s portable transit instruments
is represented in"Plate VIII, Sup. I'ig. 7, where P P is an achro-
matic telescope,” firmly fixed by the middle to a doubly coni-
cal and horizontal axis H H, the pivots of which rest on angu-
lar bearings called Y’s, at the top of the standards B, B, ren-
dered steady by oblique braces I, D, fastenetl tq the central
part of the circle A, A. The axis HH has two ad)u~duents,
one for making it cxactly level, and the other for placing the
telescope in the meridian. A graduated circle L is fixed to the
extremity of the pivot which extends beypnd one of the Y’s,
and the two radii that carry the verniers a, a, are fitted to the
extremity of the pivot in such a way as to turn round inde-
pendept of the axis. The doublc verniers have a small level
gttached to them, and a third arm &, which is connected With
the standard B by means of a screw 8. If the vernicrs are
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placed, by means of the level, in a true lorizontal position,
when the axis of the telescope is horizontal, and the arm &
screwed by the serew s to the standard B, the verniers will al-
ways read off’ the inclination of the telescope, and will enable the
ubserver to point it to any star, by means of its meridian alii-
wide. 'The whole instrument rests on three foat-screws entered
into the circle A A, The telescope has a diagonal eve-picee
for observing stars near the zenith, and in the field of view there
are several parallel vertical wires crossed at right angles with a
horizontal one.

In order to fix the transit insteument exactly in the meridian,
the cloch should be previously regulated to sidercal time, by
means of corresponding or equal altitudes of the Sun or a star,
taken before and atier they pass the meridian, by small quadrants
or ciicles, or by a good sextant.  The axis II H of the transit
i~ then 1o be placed horizontal by means of a spirit level, which
accomwpanicr the instrument, and the greatest care must he
tahen that the axis of vision describes in the heavens a great
circle of the sphere.

‘The reader will find a very minute account of the methed of
mahingrall these verifications in the Edinbw gl Encyclopadia,
Art .lstronomy, vol. i, p. 780, 781, 732. .

LI. ON TilL QUADRANT.

A quadrant is the fourth part of a civele, having its Jimb di.
Vided into 90 degrees, for the purpose of measuring the alti-
tudes of bodies above the horizon.  The principle of the gua-
drant having been already clearly explained i Vol. I, p.86, Note,
we shall content oursehves with giving a description of the pit-
lar quadrant, as constructed by Bird. This instrument is re-
oo Rlate VIIIL, Sup. Tig. 8, and consists of a qua-
drant E ¥ I1 G L, mounted on a pillar B, which is supported
by a tripod A A, resting on three foot-screws. The quadrant, the
pillar and the horizontal cirele all revolve round a vertical axis.
A telescope 11 is placed on the horizuntal radius, and is direct- -
¢d to a meridian mark, previously made on some distant objcet
for placing the planc of the instrument in the mieridian, and also
for setting the zero or beginning of the scale truly horizontal. T'his
is sometimes dope by a Jevel, instead of a telescope, gnd conec.
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times by a plumb-line G, suspended from near the’ centre,
and brought to bisect a fine dot made on the limb, where a mi-
croscope a is placed to examine the bisection. The weight or
plummet at, the end of the plumb-line is suspended in the cis-
tern of water b, which keeps iv from being agitated by the air.
A similar dot i made for the upper eng of the plamb-lin.
upon a picce of brass, adjustable by a screw d, in order that
the line may be cactly at right angles to the ‘telescope, when
it 15 placed at 0°

The central part of the frame of the quadrant is screwed to
a piece of brass e by threc screws, and, this piece is again
screwed by threc other screws to the top of the pillar B. By
means of the three first screws, the plane of the quadrant can
be placed exactly parallel to the vertical axis, and by the other
screws the telesoppe H can be placed exactly perpendlcular to
it. The nut of the delicate screw L is attached by an univer-
sal joint to the end of the telescope F. The collar for the other
end is attached by a similar joint to a clamp r, which can be
fastened to any part of the limb. A similar clamp-screw and
slow wotion is seen at n for the lower circle.

In using this nstrument, the axis of the telescope LI is ad-
Jjusted*to a horizontal line, and the planc of the quadrant to a
vertical line, by the milins already mentioned.  The serew of
the clamp L is then loosencd, and the telgscope directed to the
star whose ‘altitude is required. The clamp-screw being fixed,
the observer looks through the telescope, and with the nut of
the screw L he brings the telescope into a position where the
star is bisected by the interscction of the wires in the field of
the telescope. The divisions arc then to be read ofl’ upon the
vernicr, and the altitude of the star will be obtained.

By means of the horizontal circle D, all angles in the plane
of the horizon may be accurately measured.

A full account of the method of adjusting wnd ~weugg wie
astronomical quadrant will be found in the Edinburgh Ency-
clopeedia, Art. 4stronomy, Vol II, p. 726.

IV. ON ASTRONOMICAL CIRCLES.

An astronomical circle is nothing more than a complel;e circle,
substituted in place of the quadrant, and differs in no respect
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from this last instrument, except in the superior accuracy with
which it enables the practical astronowmer to make his observa-
tions. One of these instruments, as constructed by Mr. Trough-
ton, for Major-general Sir Thomas Brisbane, is represented in
Plate VIII, Sup. Fig.9. Thelarge vertical or declination circle
T C, is composed of two complete circles, strengthened by an
edge bar on their inside, and firmly united at their extreme
borders by a number of short braces or bars which stand per-
pendicular between them, and which keep them at such a dis-
tance as to admit the achromatic telescope T'T. ‘rhis double
circle it supported by 16 conical bars, firmly united along with
the telescope to a horizontal axis. The exterior limb of each
circle 1s divided into degrees, and parts of a degree, sometimes
upon the brass itself, and sometimes upon rings cither of silver
or an alloy of platina inlaid in the brass, and these divisions are
subdivided into seconds by means of the micrometer micro-
scopes m, m, which read off the angle on the opposite sides of
cachcircle. The cross wires in each mictoscope may be moved
over the limb till they coincide with the nearest division of the
limb by means of the micrometer screws c, ¢, and ‘the space
moved through is ascertained by the divisions on the graduated
head ahove 6, assisted by a scale within the microscope. The
mmoscopcs are supported by two arms procecdmg from a small
circle concentric with the horizontal axis, and fixed to the wer-
uical columns.  This circle is the centre upon which they can
turn round nearly a quadrant, for the purpose of omp]oying a
new portion of the divisions of the circle, when it'is rechoned
prudent to repeat any delicate observations upon different parts
of the limb. A small capstan head-screw scen at the top of
the front column, serves to clamp or fix the microscopes in any
position where the obscrver wishes them to be placed. At 4 is
represented a level for placing the axisin a truc horizontal line,
and 2T k15" Xed another level parallel to the telescope, for
bringing the zero of the divisions to a horizontal position. The
horizontal axis to which the vertical circle and the telescope
are fixed, is equal in length to the distance between the verti-
cal pillars, and its pivots are supported by semicircular bear-
ings, placed at the top of each pillar. These two vertical pil-
lars are-firmly united at their bases to a cross bar £ To this
cross bar is also fixed a vertical axis about three ‘fect long, the
lower end of which terminating in an obtuse point, rests in :
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brass conical socket firmly fastened at the bottom of the hollow
in the stone pedestal 1Y, which receives the vertical axis, This
sock et supports the whole weight of the moveable part of the
nstrument.  The upper poart of the vertical axis is supported
between two pieces of brass, one of which i~ ween at e, serewcd
to the ring i, and containing a right angle or Y. Ac each «ide
of the ving, cpposite to the points of contact, is placed a tube
containing a hedical <pring, which, by a constant preswure on
the axis, keeps it against its bearings, and permits it to tarm m
these four points of contact with an casy avel steady motion
"T'he two bearings e fixed upon two rings capable of a latcral
adjustment ; the lower one by the serew d to inclme the anis 1o
the east or west, while the serew b gives the upper 1ing ¢ a mo-
tion in the plane of the meridian. By this mears the axis may
be adjusted to a perpendicular position as cxactly as by the
usual method of the tiipod with feet sercws, Theee 1ings are
attached to the centre picee s, which is firmly connected with
the upper surface of the stone by «ix'conical tuhes A, A, AL,
&e,and Prass standards at every angle of the hosagonal pe-
destal.  Bebw this frame lies the azimuth dr le 1B, convst-
ing of a cirenlor Jimb, strengthencd by 10 Lollow conee firmly
united with the vertieal axis, and consequently virnug fieds
along with it.  The azimuth circle B T is divided and 1¢d off
i the same manner as theé vertical crde.  The arme of the
microscopes BB projeet from the 1ing 7, and  he microscopee
themselves are adjustable by serews, to bring them to zero, aud
to the diameter of the circle. A little above the 1mg s finad
an am I, which embraces and Lolds fast the vertieal axis with
the aid of a clamp screw.  The mm L is comected at the ex-
tremity with ene of the cones A, Ly means of “the serew a; <o
that by tuinirg this «crew, a <low woticn i conmnanieated to
the vertical axis and the azimuth cnele. A ~low motion of a
arellar hind 1, ghven to the vertical drele by the et itdsow
motion saew at . The apjavatus jor this purpose is support-
«d Ly a picee of hammerd Tnass, saacwed to one of the pillars,
and made thin and plable in the direction of the horizontal
axis, so as to apply itself to the limb of the ciicle, without de-,
rangihg its position, while at the same time it is sufficiently firm
in thic dircetion of the motion which it is intended to prevent.
In order to place the instrument in a true vertical position,
a plumb-line, made of fine silver wire, is susperded from a
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small hook at the top of the vertical tube n, connected by braces
with oue of the large pillars. T'he plumb-line _pass® through
an unl_,lc, in which it rests, and by means of a serew may be
brought into the axis of the tube. The plummet at the lower
end oi‘ the line is immersed in a cistern of water £, in order to
cheek dts oscillations, and is supported on a sheif proceeding
fiom one of the pillars. At the lower end of the tube n arc
fixed two microscopes o, p, at right angles to one another, and
opposite to cach is placed a small tube, containing a lueid point.
The plumb-hne is then brought into such a positi-n by the
screws d, b, and by altering the suspension of the plumb-line
itsdlt, that the image of the luminous point, like the disc of a
planet, i< formed on the plumb-line, and accurately bisected by
it. "The vertical axis is then turned round, and the plumb-line
cxamined in some other position. If it still biscets the luminous
point, the instrument is truly vertical ; but if it does not, one-
half’ of the deviation must be corrected by the screws d, b, and
the other half by a]teling the suspcnbion of the hne, till the bi-
section of the circular 1 1mabe is perfect in cvery position of the
nstrment.

A Mural Cirele, or a Mural Quadrant, is the name given to
these mstr rpments when they are fixed in the plane of the me-
t.dian, mid upon a wall of stone. When furnished with a good
telescope, they umte the properties both of a circle and a transit
instrument.

General directions for ucing Circular instruments will be
ﬁnmd in the Edinburgh Encydopadia, Axt. dstronomy, vol.

n, p 798
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INSTRUCTIONS TO TIIE BINDER

———

Trontispiece, or Ferguson™ Orrery, and Plates No. 1 to 1¢
inclusive, to be placed at the cud.of Vol. I.

Plates 13 to 17 inclusive, and Plates 1 to 8 of the Supplement.
at the end of Vol. 11
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(ators, on the formation of m the Moon, 188.

D .
Dial Tide, 21.
Destances of the planets from the Sun, 31.
Double stars, 265.

E

Eclipfareon (an instrument) described, 23

Exlupses, table of, from 1769 to 1900, 198.
Echpise, obliquty of'the, on the diminution of it, 224.
1 quinoaes, pracession of the, 01,
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Fabricius on the solar spots, 138. ’
Facule, or bright spots in the Sun, 139.
Fixed Stare. Stars.

G
Galaxy. See Milky Way.
Galileo on the wlnry-pots, 134.
Grorgium Stidus, 86. Satellites of, 87,
Globe, celestial, improved, 13. Solaxr (Wilson's), 138.
Globes (planctary), 17.

H

Halley’s method of finding the distances of the planets, 39.

Harding discovers the planet Juno, 92.

Ilarriot on the solar spots, 133.

Horrox®s obscrvations on the transit of Venus, 70.

Herschel discovers the Georgium Sidus, 86. His observations on the Sun, 140
Mis theory ot the solar phenomena, 144—examined, 145.

Hire De la, on the solar spots, 137.

Horizontal Moon, 192. .

Humboldt on the zodiacal light, 152.

I
TIndentations of the Sun, 143.
Instrument for explaining the precession of the equinoxes, 225.
Insulated or single stms, 265,

J
Jovilabe, 123.
Juno, 92,
Jupiter's belts, 115. His Satellites, 117. Table of their clements, 118, lu
Place’s theorems respecting, 119.

K
Kepler predicts the transits of Venus and Mercury, 70.

L

Lagrange’s opinion about meteoric stones, 103.
La Lande’s theory of the solar spots, 137.
ZLZambert on the distances of the plancts, §3, note.  Og the lunar spots, 160,
Libration of the Moon, 195. Diual, 195. In londitude, 196. In latitude,
187. Spheroidal, ib.
Light, abervation of, 27.
M

Mg‘c‘: u:f':h ofbtheshred ?iuur of, }1}1 3.1'..uFmimm zone at the south pole of, 112.
se ¢ bright polar spots of, sgure of; 114,  Supposed to be phos-
phorescent, ¢b.
2Magyery Tebias, on the proper motion of the stare, 153, note. On the solar spots, 166.
Me . traneits of, 104. 'Table of the, 215.
Me Stones, pasts of some planet, 100. Objections to this theory answered, 102.
Micromater, wire, 32t object-glass, 321. .
Milky Way, consists of smajl stars, 202, Is the projection of a nebula, in which
our systemh is placed, 293, '
2oond old, explanation of tfb fucid bow in the, 156, Appedrances on her surface,
*58- Maps of the, ib. Twble.of the position of the spots of the, 160-173.
y Dable of the large ipots, sttpposed to be seas, 173. , Method of finding the hcight
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of the mountains, by Ricclolus, 174. Ditto, ditlo, by 175. Tible
ot thc hught, &c. of insulated mountains, 178. 'able of the t, &c. of
central mountainy, 180. Datto ditto of annular mountains, 180-181, Ditto
ditto of strata of mountans, 182, Ditto of the of lunar cavities, sb. Cone
tams no water, 184. Volcanoes in the, 186-187. Atmosphere of the, 189.
Horwzontl mize of, 192. Laibration of, 106.

MMountatns of the. Moon, height of, 176.  Of Venus, 106. Of Mercury 104.

N

Nebule, 208. Catalogue of, 299. Stellar, 311.  Planetary, 313,
A cbtlosety, mulky, 311,

Vebilous Stars, $12.

New Stars, 248,

New Plunets, ¢ 5. Ongn of, 96.

MNodules ot the Sun, 143.

Yutation of the Latth'’s axis, 223.

(]

Obligurty of ccliptic, dimnution of the, 224,

Crcultateons, 200. Mcthod of calculating, 205. Method of projecting, 211.
Olbers, Dr. discovers the planet Pallas, 91.  Discovers the planet Vesta, 93.
Opcmngs of the Sun, 141.

O icrres desenbed, 1-7.

Pullas, 91 .

P’ rallaa of latitude, table of, 206.

Iarallarves, 297.,

Prazze dascovers Ceres, 89.

P ott’s theory ot vanable stars, 249,

la Plac’s theorems respecting Jupiter’s satellites, 119, IXis theory of Saturn's
une, 127 1l theory of datuen’s satellues, 132,

Plancts, New, 85

Plunctary Glolc destmbed, 17. Ncbula, 312.

I’orcs on the Sun’s surtace, 143. Y
Lrecession of the cqunoxes, physical cause of, 221.  Machine for illustrating it,

225,

Q
Quadrant, astronomical, by Bird, described, 323.

R

Riccwolus” explanation of the lucid bow in the old Moon, 150, His method of
measunng tl ¢ lunar mountaws, 174.

Rudges of the Sun, 143.

Ring of Saturn, 123.

St o 123, L Bracers oy oF G eieet, 138, On fbe

Yaturn, Ting 2 s

the ning of, 1. How to find the phases of the ring of, 126. Spots and belts of,
4287 Rotation and figure of, 197..128. sﬂu'ot.‘m. Table of their
elements, }31. La Place’s theary of the satéHlitos, 138

Schesncr on the solar epots, 184.
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Schroeter's observations on Ceres, 90. On Pollas, 91. On Mercury, 104 On
Venus, 105. On Jupiter, 115.  On the lunar spots, 169,

Shallows *of the Jun, 142,

Spote of the Sun, 133.

Stars, fised, 242. DMagnitude of, 243. Parallax of, 243-245 Distance of, 246
Proper motion of, 6 New and varable, 248 Single, or msuluud, 265
Double, 266—catilognes of, 272 Treble, quadruple, &c. 262 Cluctenng
292. Groups of, 295. Clustcrs of, 2b

Sun, pots of, 133 Rotation of 136 Appcuanees on its surfice, 141 Theory
of these appearances, bv Dr Ilerstud, 144 New theory propied, 14,
Darkening apparatus for viewng the, 151 Progrcssive motion of the Sun, 108

System solar, tabular view of the, 328,

T

Table for finding the phases of the Moon and Venus, 109  Of the clam 15 of
Jup ter's satcllites, 118 1 or finding the phast of Saturn™ 1ing, 126 O the
eluments of Sauturn’s satedlite , 1 1 Of the lou, tide and Iatitn 1%t 1 Junu
spots, 160-173  Of the new spots, mtroduced by schroeter, 169 Q1 (o] e
spots, suppcsed to be suag, 178 Of the husght, &« of msulited lunar mount uns
178 Ot the hught, &c of cehtrl lur a1 mountains, 180 Of the b izht, &«
of annular lur ar monntains, 181 Of the hasht, &c «f strata of mountur ke 2
Of the depth of Iunar cavities, o OFf eclipses hom 17049 to 1900 19, Of
stars lable to be ecipsea by the Moon, 200 Of the tr wats £ Maany €1
Of the transats of Venus, 210 Of the Mom % pardl « n htitad 20 O
118 comets, 234 Ot the proper motion of 36 stus, 267 Ot do bl stu , 25-

Tabulas view of the solir uystem, 328.

Tude-Dial described, 21

Trajecrarsum T unarc de cnbed, 19,

Transit-Instruma t deseribod, 322

Trannts, method of projcung thom, 654 Of Wacury, table of the, 21 Of
Venus, 27—=table ot the, 216

"V
Variable Stars, 248. -
Vnus, spots of, 105. Mouw tams of, 106 Atmosphare ud twilight of “10 =107
How to find her phascs, 109 Iable of ha tranats, 216
Vernter S.ale explamned, 319.
Vesta, 93.
Volcanocs, lunar 166-187.

w

Wilsam's theory of the solar spots, 187,  Of the solar globe, lod
Z

Zodiacal Laght, 151. Humboldt's observations on 1t, s/

THE END.

ﬁ.pmm Stevenson § Co. Printers.
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