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ASTRONOMY,

EXPLAINED UPON

¥IR ISAAC NEWTON’S PRINCIPLES.

CHAP. XXIIL ' .

A DESCRIPTION OF THE ASTRONOMICAL MACHIN-
ERY SERVING TO EXPLAIN AND ILLUSTRATE THE
FOREGOING PART OF THIS TREATISE.

397. T'ue Orrery. This machine shews the cyup.
motions of the Sun, Mercury, Venus, Earth, xxu.
and Moon ; and occasionally, the superior plan. 7—v—
ets, Mars, Jupiter, and Saturn, may be put on ; The Orren
Jupiter’s four satellites are moved round him in**
their proper times by a small winch ; and Saturn

has his five satellites, and his ring which keeps

its parallelism round the Sun; and by a lam

put in the Sun’s place, the ring shews all the
phases described in the 204™ article.

In the centre, N°. 1, represents the Sun, supeThe gun:
ported by its axis inclining almost 8 degrees from '
the axis of the ecliptic; and turning round in
255 days on its axis, of which the north pole in-
clines toward the 8" degree of pisces in the great
ecliptic, (N° 11}, whereon the months and daysTte eclip-
are engraven over the signs and degrees in which **
the Sun appears, as seen from the Karth, on the -
different days of the year.

Fol. IL A



CHAP,
XXl

Mercury.

° The Orrery described.

The nearest planet (N°, 2), to the Sun is Mer-
cury, which goes round him in 87 days 23 hours,
or 873 diurnal rotations of the Earth ; but has
no motion round its axis in the machine, because

 the dme of its diurnal motion in the heavens is

Venhus

The Earth.

not known to us.

The next planet in order is Venus, (N°. 8),
which performs her annual course in 224 days
17 hours; and turns round her axis in 24 days
8 hours, or in 241 diurnal rotations of the Earth.
Her axis inclines 75 degrees from the axis of the
ecliptic, and her north pole inclines towards the
20" degree of aquarius, according to the observ.
ations of Bianchini. She shews all the pheno-
mena described from the 30" to the 44™ article
in chap. L.

.Next without the orbit of Venus is the Earth,
(N°. 4), which turns round its axis, to any fixed
point at a great distance, in 23 hours 56 minutes
4 seconds, of mean solar time, (§ 221, & seq.}
but from the Sun to the Sun aguin, in 24 hours
of the same time. N° 6, is a sydcreal dial-
plate under the Earth; and N°®. 7, a solar dial-
plate on the cover of the machine. The index
of the former shews sydereal, and of the latter,
solar time ; and hence, the former index gains

"one entire revolution on the latter every year, as

365 solar or natural days contain 866 sydereal
days, or apparent revolutions of the stars. In the
time that the Earth makes 365 diurnal rotations
on its axis, it goes once round the Sun in the
plane of the ecliptic; and always kceps opposite
to a moving index, (N* 10), which shews the
Sun’s apparent daily charge of place, and alse

 the days of the months,

The Farth is half covered with 2 black cap,

for dividing the apparently enl.yutened half next



The Orrery described. 3

the Sun from the other half, which, when turn. cHar.
ed away from him, is in the dark. The edge of X"
the cap represent$ the circle bounding light and The orrery
darkness, and shews at what time the Sun rises ii:ﬁ:-:h .
and sets to all places throughout the yeat. The change of
Earth’s axis inclines 23% degrees from the axis****™
of the ecliptic, the north pole inclines toward the
beginning of cancer, and keeps its parallelism
throughout its annual course, § 48, 202 ; so that

in summer the northern parts of the Earth in.

cline towards the Sun, and in winter from him:

by which means, the different lengths of daysand
nights, and the cause of the various seasons, are
demonstrated to sight.

There is a broad horizon, to the upper side ofund shews
which is fixed a meridian semicircle in the north ;'};;;%‘""
and south points, graduated on both sides from twiligse,
the horizon to 90° in the zenith, or vertical point. oy 0
The edge of the horizon is graduated from the &« .
east and west to the south and north points, and
within these divisions are the points of the com-
pass. From the lower side of this thin horizon.
plate stand out four small wires, to which is fix-
ed a twilight circle 18 degrees from the graduat-
ed side of the horizon all round. This horizon
may be put upon the Karth (when the cap is tak-
en away) and rectified to the latitude of any
place : and then, by a small wire called tke solar
ray, which may be put on so as to proceed di-
rectly 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, amplitude then, and end of twi-

" light, are shewn for every day of the year, at that
place to which the horizon 1s rectified.

A2



4 . The Orrery described.

The Moon (N* ), goes round the Earth,
from between it and any fixed point at a great

The Moon. distance, in 27 days 7 hours 43 minutes, or

through all the signs and degrees of her ‘orbit ;
which is called her periodical revelution ; but
she goes round from the Sun to the Sun again,
or from change to change, in 29 days 12 hours
45 minutes, which is ker synodical revolution ;
and in that time she exhibits all the phases al.
ready described, § 255.

When the above-mentioned horizon is rectifi-
ed to the latitude of any given place, the times of
the Moon’s rising and setting, together with her
amplitude, are shewn to that place as well as the
Sun’s ; and all the various phenomena of the har-
vest moon, § 273, & seq. are made obvious to
sight.

The Moon’s orbit (IN°. 9), is inclined to the
ecliptic, (N°., 11}, one half being above, and the
other below it. The nodes, or points at O and 0,
lie in the plane of the ecliptic, as described
317, 318, and shift backward through all ite
signs and degrees, in 18} years, The degrees of
the Moon’s latitude, to the highest at NL, north
Iatitude, and lowest at 8 L, south iatitude, are
engraven both ways from her nodes at Oand 0;
and, as the Moon rises and falls in her orbit ac-
cording to its mclination, her latitude and' distance
from her nodes are shewn for every day; hav-
ing first rectified her orbit se as to set the nodes
to their proper places in the ecliptic; and then,
as they come about at different, and almost op-
posite times of the year, § 319, and point twice
towards the sun, all the eclipses may be shewn
for hundreds of years, (without any new rectifi-
cation), by turning the machinery backward - for
time past, or forward for tme to come, At 17



The Orrery described, 8

degrees distance from each node, on both sides, cmas.

is engraved a small sun, and at 12 degrees dis. »»il-
tance, a small moon; which shew the limits of ;v -~

solar and lunar eclipses, ? 317: and when, atquenty the
any change, the Moon falls between either of Citze<f

these suns and the node, the Sun will be eclipsed asd Maon.
on the day pointed to by the annual index (N°.

10), and, as the Moon has then north or south
latitude, one may easily judge whether that
eclipse will be visible in the northern or southern
hemisphere; especially as the Farth’s axis in.
clines toward the Sun, or from him at that time.

And when, at any full, the Moon falls between
either of the little moons and node, she will be

eclipsed, and the annual index shews the day of

_that eclipse. There is a circle of 291 equal

parts (N°. 8), on the cover of the machine, on

which an index shews the days of the Moon’s

age. :

§ A semi-ellipsis and semi-circle are fixed to anThe orrery

elliptical ring, which being put like a cap upon hiws the
the Earth, and the forked part £ upon the Moon, -1are X,
shews the tides as the Earth turns round within P& 5
them, and they are. led round it by the Moon.
‘When the different places come to the semi-
ellipsis 4 a £ 6 B, they have tides of flood ; and
when they come to the semicircle C £ D, they
- have tides of ebb, § 304, 305 ; the index on the
bour~circle (N° 7), shewing the times of these
phenomena. ,

There is a jointed wire, of which one end be-;gd alse the
ing put into a hole in the upright stem that holds,c'::fs,:ﬁ‘:
the Earth’s cap, and the wire laid into a snlailfgﬁmﬂz:g
forked piece which may be occasionally put upon vereury.
Venus or Mercury, shews the direct and retro.
grade motions of these th planets, with their

é



6 The Orrery descrited,

CHAP, stationary times and places, as seen from the
XX Farth.

Y The whole machinery is turned by a winch or
handle, (N°. 12}, and is so easily moved, that a
clock might turn it without any danger of stop-
ping. .

To give 2 plate of the wheel-work of this ma-
chine, would answer no purpose, because many
of the wheels lie so behind others, as to hide them
from sight in any view whatsoever.

Another 898. Another Orrery. Inthismachine, which

:{::,?,;;f;cis the simplest I ever saw, for shewing the diur-

gl“f*gsgf nal and annual motions of the Earth, together

and Moon. With the motion of the Moon and her nodes, A4
and B are two oblong square plates held together
by four upright pillars ; of which three appear

vz viat f, g, and g 2. Under the plate A is an end-

¥ig- & less screw on the axis of the handle %, which
works in a wheel fixed on the same axis with the -
double-grooved wheel E; and on the top of this
axis is fixed the toothed wheel i, which turns
round the pinion 4, on the top of whose axis is
the pinicn £ 2, which turns another pinion 4 2, and
this turns a third, on the axis a 2, on which is |
the Earth U turning round ; this last axis inclin-
ing 23+ degrees. 'The supporter X2, in which
the axis of the Earth turns, is fastened to the
moveable plate C.

In the immoveable plate B, beyond H, is fixed
the strong wire d, on which hangs the Sun 7, so
as it may turn round the wire. To this Sun is fix-
ed the wire or solar ray Z, which (as the Earth
Uturns round its axis) peints to all the places
that the Sun passes vertically over, every day of
the year. The Earth is half covered with a black -
cap a, as in the former orrery, for dividing the
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day from the night ; and, as the different places cHap..
come out from below the edge.of the cap, or go *Xil-
in below it, they shew the times of sun nsing and

setting every day of the year. This cap is fixed

on the wire 5, which has a forked piece Cturn-

ing round the wired : and, as the Earth goes

round the Sun, it carries the cap, wire, and solar

ray round him; so that the solar ray constantly.

points towards the Earth’s centre.

On the axis of the pinion 4 is the pinion m,
which turns 2 wheel on the cock or supporter =,
and on the axis of this wheel nearest n1s a pinion
(hid from view) under the plate C, which pinion
turns a wheel that carries the Moon » round
the Earth U; the Moon’s axis rising and falling
in the socket #, which is fixed to the triangular
piece above Z . and this piece is fixed to the top
of the axis of the last-mentioned wheel. The
socket W is slit on the outermost side; and in
this slit the two pins near ¥, fixed in the Moon’s
axis, move up and down; one of them being

.above the inclined plane Y X, and the other be-
low it. By this mechanism, the Moon J" moves
round the Earth 7 in the inclined orbit ¢, paral-
lel to the plane of the ring Y X; of which the
descending node is at X, and the ascending node
opposite to it, but hid by the supporter X 2. .

The small wheel £ turns the large wheels D
and F, of equal diameters, by cat-gut strings
crossing between them : and the axis of these
two wheels are cranked at G and H, above the
plate B. The upright stems of these cranks go-
ing thrqugh the plate C, carry it over and over
the fixed plate B, with a motion which carries
the Earth U round the Sun 7, keeping the
Earth’s axis always paralle] to itself ; or sull in.
clining towards the lett hand of the plate; and
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8 The Orrery described.

shewing the vicissitudes of seasons, as described
in the tenth chapter. As the Earth goes round
the Sun, the pinion % goes round the wheeli;
for the axis of 4 never touches the fixed plate B,
but turns on a wire fixed into the plate .

On the top of the crank G is an index I,
which goes round the circle m 2 in the time that
the Earth goes round the Sun, and points to the
days of the months ; which, together with the
names of the seasons, 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 plane Y X, with
its nodes, is turned backward, for shewing the
times and returns of eclipses, § 319, 320.

The following parts of this machine must be
considered as distinct from those already describ~
ed. -
Towards the right hand, let § be the Earth
hung on the wire e, which is fixed into the plate

- B; and let O be the Moon fixed 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 index K, which
goes round acircle 42, divided into 29+ equal
parts, which are the days of the Moon’s age:
but, to avoid confusion in the scheme, it is only
marked with the numeral figures 1 23 4, for
the quarters, As the crank .H carries this Moon
round the Earth § in the orbit 2, she shews all
her phases by nteans of the cap P for the differ-
ent days of her age, which are shewn by the in-
dex K ; this index, turning just as the Moon O
dogs, demonstrates her turning round her axis,
as she still keeps the same side towards the Earth
S, § 262,
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At the other end of the plate C, a Moon N CHAW
xoes round an Farth R in the orbit p.  But this >
Moon’s axis is stuck fast into the plate C at § 2,
so that neither Moon nor axis can turn round;
and, asthis Moon 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 2
and F, with a cat-gut string over them, but not
crossing between them, the axzis of the Earth U
would keep its parallelism round the Sun 7, and
shew all the seasons, as [ sometimes make thege

.machines: and the Moon O would go round the

Earth §, shewing her phases as above ; as like-

wise would the Moon N round the Earth R;

‘but then, neither could the diurnal motion of the |
Earth U on its axis be shewn, nor the motion of

the Moon # round the Earth,

399 In the year 1746, I contrived a very sim- s caten.
ple machine, and described its performance in alator.
small treatise upon the phenomena of the harvest
moon, published in the year 1747. Iimproved
it soon after, by adding another wheel, and called
it the Calculator. It may be easily made by any -
gentleman who has a mechanical genius,

The great flat ring supported by twelve pillars, ., vy,
and on which the twelve signs, with their respec- Fig. &
tive degrees, are laid down, is the ecliptic ; near-
lﬁ in the centre of it is the Sun §, supported by
the cfrong crooked wire I; and from the Sun
proceeds a wire M called the Solar Ray, point-
ing towards the centre of the Earth £, which is
furnished with a moveable horizon H, together
with a brazen meridian, and quadrant of altitude.

Ris a small ecliptic, whose plane coincides with -
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10 The Calens- o deseribed.
that of the great one, a'-. has the like signs-anf

degrees marked uwer .. It is supported by
two wires fJ aud [0, wi. + o sat into the plate
F P, but may be aker. + « il asure.  As the
Earth gocs round th 8.0« - ulyns of this simall
circle keep paraled to -+ - ives, and to those

of the grest eclipric. W' : 10 is tuken off. and:
the solar ray A drawn fu o v out, so as almost
to touch the horizon f1 v b guadrant of ald-
tude, the horizon buing .- .d to any given
latitude, and the Iamb turi-¢ round its axis by
hand, the point of the wire 4 siews the Sun’s
declination in passing aver e vraduated brass
meridian, and his heto it @i -:o given time upon
the quadrant of altitud=. tr cier with his azie
muth, or point of bedring upen the horizon at
th:t dme; and Lk wise his amplitude, and time
of rising and settiug by the hour index, for any-
duy of the year ihac the annual index U points to
in the circle of months below the Sun. Mis 2
solar index, or pointer, supported by the wire L
which is fixed into the knob K : the use of this
index Is to shew the Sun’s piace in the ecliptic
every day in the year ; for it goes over the signs
and degrees as the index U goes over the months
and days ; or rather, as they pass under the index
U, in. moving the cover. plate with the Earth and
its furniture round the Sun ; for the index Uis
fixed tight on the immoveable axis in the centre
of the machine, K.is a knob or handle for mov-
ing the Earth round the Sun, and the Moon
round the Earth, v

As the Earth is carried round the Sun, itsaxis
constantly kecps the same oblique direction, or is
parallel to itself, § 48, 202, shewing thereby the
different lengths of days and nights at different
times of the year, with all the various seasons,
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And, in one annual revolution of the Earth, the cuar.
Moon M goes 12 times round it from change XX

to , having an occasional ision _':'
ahum it phases,. Thi luwer: e
of the Moon’s axis bears by a small Friction '
wheel upon the inclined plane T, which causes

the Moon to rise above, and sink below the
ecliptic & in lunation ; crossing it in her
nndm,Fuﬂ wi:i:l:f:;rh[t backward thrnnfgh all the

sl mddeﬂrmnfthemide:l' ic, by the re-
n'nE;::demnnnn of the in:linedlﬁfne » in 18
years and 225 days.  On this plane, the degrees

and of the Moon's north and south latitede

are laid down from both the nodes, one of
which, viz. the descending node, appears at 0,

by DN above B; the other node being hid

from sight on this plane by the plate PP ; andand the
from both nodes, at proper distances, as in the i ™ -
other orrery, the limits of eclipses are marked,»5d hoon.
and all the solar and lunar eclipses are shewn in

the same manner, for any given year within the

limits of 6000, either before or after the Christian

era. On the plate that covers the wheel-work,
under the Sun 8, and round the knob K, are
astronomical mblu,tht b]"l"hi'ﬁhﬂ}hl‘ machine may

be rectified to the beginmn any given

within these limits, mahré?: nrfnjrﬁ‘mmm
time ; and when once set right, may be turned
backward for 300 years past, or forward for as
many to come, without requiring any new recti.
fication. There is a method for its adding v

the 29" of February every fourth year, and

lowing only 28 days to that month for every

other three : but al lhisheinglnﬂmnudhrn
particular manner of cutting teeth of the
wheels, and dividing the month cirele, too ﬂg

and intricate to be described here, 1 shall only
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cuap. shew how these motions may be performed near

XXIL  enough for common use, by wheels with grooves
and cat-gut strings round them ; only here I must
put the operator in mind, that the grooves are to
be made sharp (not round) bottomed, to keep
the strings from slipping.

The Maon’s axis moves up and down in the
socket NV fixed into the bar O, (which carries her
round the Earth), as she rises above, or sinks
below the ecliptic; and immediately below the
inclined plane 7, is a flat circular plate, (between
Yand T), on which the different eccentricities
of the Moon’s orbit are laid down : and likewise
her mean anomaly and elliptic equation, by
which her true place may be very nearly found
at any time. Below this apogee plate, which

- shews the anomaly, &c. is a circle Y divided into
293 equal parts, which are the days of the
Pe. v, Moon's age; and the forked end A of the index
Yor . A B,'(Tig. 2), may be put into the apogee part
tatar shews of this plate 3 there being just such another index
e mete put into the inclined plane 7" at the ascending
Mowa's  mode; and then the curved points B of these in~
oodew her dexes shew the direct motion of the apogee, and
Ruceln the retrograde motion of the nodes through the
ptir, &, . . A . . .

ecliptic B, with their places in it at any given
time, As the Moon M goes round the Earth E,
she shews her place every day in the ecliptic R,
and the lower end of her axis shews her latitude
and distance from her node on the inclined plane
7, also her distance from her apogee and peri-
gee, together with her mean anomaly, the then
eccentricity of her orbit, and her elliptic equa-
tion, all on the apogee plate, and the day of her
age in the circle ¥ of 29+ equal parts, for every
ddy of the year pointed out by the annual indeg

U in the circle of months.
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Having rectified the machine by the tables for crav.

the beginning of any year, move the Earth and XXt
Moon forward by the knob X, until the annual 3 o o
index comes to any af;iw:n day of the month, then clination,
stop, and not only all the above phenomena may s
be shewn for that day, but also, by turning the &~
Earth round its axis, the declination, azimuth,
amplitude, altitude of the Moon at any hour,

and the time$ of her rising and setting, are shewn

by the horizon, quadrant of altitude, and hour-
index. And in moving the larth round the

Sun, the days of all the new and full moons, and
eclipses in any given year, are shewn. The phe-
nomena of the harvest-moon, and those of the

tides, by such a cap as that in Plate 1X, Fig. 10,

put upon the Earth and Moon, together with the
solution of many problems not here related, ar

made conspicuous. -

The easiest, though not the best way, that IMethod of
can instruct any mechanical person to make the {2 et
wheel-work of such a machine, is as follows ¢ calater.
which is the way that I made it, before I thought
of numbers exact enough to make it worth the
trouble of cutting teeth in the wheels.

Fig. 8¢ of Plate VI, is a section of this ma.Pe. VL
chine; in which ABCD is a frame of wood held & &
together by four pillars at the corners, whereof
two appear at ACand BD. In the lower plate
C D of this frame, are three small friction wheels,
at equal distances from each other; two of them
appearing at ¢ and e,  As the frame is moved
round,. these wheels rumx vpon the fixed bottom
plate £ E, which supports the whole work.

In the centre of this last-mentioned plate, is

-fixed the upright axis GFFf, and on the same
axis is fixed the wheel HHH, in which are four
grooves, I, X, 4, &, of different diameters. In
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cuxap. these grooves are cat-gut strings going also round

XXiL  the separate wheels M, N, O, and B

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 4 BC D
and on the upper end of this axis is fixed the
plate 0o (which is P 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 Farth
T'; on the axis of which, the index ¢ is turned
round by the Earth. This axis, together with
the wheel M, and plate o 0, keep their parallelism
in going round the Sun §.

On the axis of the wheel Mis a moveable
socket, on which the small wheel IV is fixed, and
en the upper end of this socket is put on tight,
(but so as it may be occasionally turned by hand),
the bar ZZ, (viz. the bar Oin fig. 1), which
carries the Mocn s round the Earth 7 by the
socket n, fixed into the bar. As the Moon goes
round the Earth, her axis rises and falls in the
socket n ; because, on the Jower end of her axis,
which is turned inward, there is a small friction

heel s running on the inclined plane X, (which
1s 7 in Fig. 1), and so causcs the Moon alter-
nately to rise above, and sink below the little
ecliptic 7, (R in Fig. 1), in every lunation.

On the socket or hollow axis of the wheel N,
there is another socket, on which the wheel O is
fixed ; and the Moon’sinclined plane X is put
tightly on the upper end of this socket, not on a
square, but on a round;‘ that it may be occasion-
ally set by hand w1thout wrenching the wheel or
‘axle.

Lastly, on the hollow axis of the wheel O is
another socket, on which is fixed the wheel P,
and on the upper end of this socket is put on

3
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tightl}! the apogee plate ¥, (that immediately be- cuap,.
low 7T'in Fig. 1;.  All these axles tarn in the X¥IL
upper plate of the moveable frame at Q ; which St
plate is covered with the thin plate cc, (screwed

to it} whereon are the fore-mentioned tables and
,month circle in Fig, 1.

The middle part of the thick' fixed wheel
HHH, is much broader than the rest of-it, and
comes out between the wheels M and O alinost
to the wheel N. To adjust the diameters of the
grooves of this fixed wheel to the grooves of the
separate wheels M, N, 0, and P, so that they may
perform their motions in the proper times, the
following method must be observed.

The groove of the wheel M, which keeps the Method of
parallelism of the Earth’s axis, must be precisely 2%t
of the same diameter as the lower groove Jof the twrs of the
fixed whee! A H H: but, when this groove is so *»**
well adjusted 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 & at the end of every
annual revolution, when the index M points to
the like degree in the great ecliptic ; then, with
the edge of a thin file, give the groove of the
wheel M a small rub all round, and, by that .
means lessening the diameter of the groove, per-
haps about the 20" part of a hair’s breadth, it
will cause the Earth to shew the precession of the
equinoxes ; which, in many annual revolutions,
will begin to be sensible, as the Earth’s axis de-
viates stowly from its parallelism, § 246, towards
the antecedent signs of the ecliptic.

The diameter of the groove of the wheel N,
which carries the Moon round the Earth, must
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cuap. be to the diameter of the groove X, as a luna.
XXIL  tion is to a year; that is, as 295 to 865+,
== The diameter of the groove of the wheel O,
which turns the inclined plane X with the Moon’s
nodes backward, must be to the diameter of the
groove &, as 20 to 18335, And,
* Lastly, the diameter of the groove of the
wheel P, which carries the Moon’s apogee for-
ward, must be to the diameter of the groove .,
as 70 to 62. . .

But, after all this nice adjustment of the
grooves to the proportional times of their re-
spective wheels turning round, and which seems
to promise very well in theory, there will still be
found a necessity of a farther adjustment by
hand ; because proper allowance must be made
for the diameters of the cat-gut 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 must perform 12 synodical revolutions
round the Earth, and be almost 11 days old in
her 18" revolution. The inclined plane, with
its nodes, must go once round backward through
all the signs and degrees of the small ecliptic in
18 annual revolutions of the Earth, and 225
days over. And the apogee plate must go once
round forward, so that its index may go over all
the signs and degrees of the small ecliptic in
eight years, (or so many annual revolutions of the
Earth), and 312 days over. '

N. B. The string .which goes round the
grooves X and N for the Moon’s motion, must
cross between these wheels; but all the rest of
the strings go in their respective grooves, .M,
% O, and L P, without crossing. '
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400, The comeTariom. This curious ma- cuar,
chine shews the motion of a comet or cccentric _¥*!-
body moving round the Sun, describing equal The Come
areas in equal times, § 152, and may be so con.twivm.
trived as to shew such a motion for any degree
of eccentricity. It was invented by the late Dr.
Desiguliers.

The dark elliptical groove round the letters Prave 1v,
abcdefghikim isthe orbit of the comet ¥: 3%
this comet is carriéd round in the groove, accord-
ing to thé order of letters, by the wire M fixed in
the sun §, and slides on the wire as it approaches
nearer tg or recedes farther from the Sun, being
nearest of all in the perihelion #, and farthest in
the aphelion g.  The areas aSb, 68c, ¢8d, &c.
or contents of these several triangles, are all equal;
and in every turn of the winch N the comet Yis
carried over one of these areas: consequently in
as much time as it moves from fto g, or from
g to ky it moves from m to @, or from ato b;
and so of the rest, being quickest of all at a, and
slowest at g, Thus, the comet’s velocity in its
orbit continually decreases from the perihelion a
to the aphelion g; and increases in the same pro-
portion from g to a. )

The elliptic orbit is divided into 12 equal parts
or signs, with their respective degrees, and so is
the circle mop g rstn, which represents a great
circle in the heavens, and to which the comet’s
motion is referred by a small knob 6n the point
of the wire /7. 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 #; but in the

like time, as the comet moves from m to a, or

from a 10’4, it appears to describe the large

gpace ¢ n or no in the heavens, either of which
Vel 11, B
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CHAP. spaces contains 120 degrees, or four signs. Were

xxiL.  the eccentricity of its orbit greater, the greater

v~ still would be the difference of its motion, and
vice versd.

ABCDEFGHIKLMA is a circular orbit for
shewing the equal motion of a body round the
Sun §, describing equal areas 45B, BSC, &ec. in

- equal times with those of the body Yin its ellip-
tical orbit above mentioned ; but with this differ-
ence, that the circular motion describes the equal
arcs AB, BC, &c. in the same equal times that
the elliptical motion describes the unequal arcs
ab, be, &c

Now, suppose the two bodies ¥ and I to start
from the points @ and £ at the same moment of
time, and each having gone round its respective
orbit, to arrive at these points again at the same
instant, the body Y will be forwarder in its orbit
than the boedy 1 all the way from ato g, and
from 4 to G ; but 1 will be forwarder than ¥
through all the other half of the orbit; and the
difference is equal to the equation of the body ¥
in its orbit. At the points @, 4, and g, G, that
is, in the perihelion and aphelion, they will be
cqual ; and then the equation vanishes, This
shews why the equation of a body moving in an
clliptic orbit, is added to the mean or supposed
circular motion from the perihelion to the aphe.
lion, and subtracted from the aphelion to the
perihelion, in bodies moving round the Sun, or
from the perigee to the apogee, and from the
apogee to the perigee in the Moon’s motion
round the Earth, according to the precepts in the
353 article ; only we are to consider, that when
motion is turned nto time, it reverses the titles
in the table of the Moon’s eiliptic equation.



« The Cometarium described. 19

This motion is performed in the following man- CHAT:
ner by the machine. 4BC is a wooden bar (in _**"
the box containing the wheel-work) above which prasz tv,
are the wheels D and E ; and below it the ellip-F's- 5
tic plates F' Fand G &; each plate being fixed
on an axis in one of its focuses, at £ and X ;
and the wheel E is fixed on the same axis with
the plate FF. These plates have grooves round
their edges precisely of equal diameters to one
another, and in these grooves is the cat-gut string
g & & 8, crossing between the plates at 4. On
£, (the axis of the handle or winch IV in Fig.
4"}, is an endless screw in Fig. 5, working 1n
the wheels D and E, whose number of teeth
being each equal to the number of lines a §,
638, ¢§, &c in Fig. 4, they turn round
their axes in equal times to one another, and
to the motion of the elliptic plates. For, the
wheels D and £ having equal numbers of teeth,
the plate FF, being fixed on the same axis with
the wheel E, and the plate FF turning the
equally large plate GG by a cat-gut string round
them both, they must all go round their axes in
as many turns of the handle NV as either of the
wheels has teeth.

It is easy to see, that the end % of the elliptical
plate F F being farther from its axis £ than the
opposite end i is, must describe a circle so much
the larger in proportion; and must therefore
move through so much more space in the same
time ; and for that reason the end A moves so
much faster than the end i, altheugh it goes no
sooner round the centre £, Butthen, the quick-
moving end A of the plate FF leads about the
short end & K of the plate & G with the sume
velocity ; and the slow moving end ¢ of the plate
F F coming half round as to B, must then lead

B2
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the long end % of the plate G G as slowly 2bout:
so that the elliptical plate FF and its axis £
move uniformly and equally quick in every part
of its revolution; but the elliptical plate G G,

~ together with its axis K, must move very un-

Fig

equally in dilterent parts of its revolution: the
difference being always inversely as the distance
of any point of the circumference of G G from
its axis at K ; or in other words, to instance in
two points, if the distance K % be four, five, or
six titnes as great as the distance K A, the point £
will move in that position four, five, or six times
as fast as the point 4 does: when the plate G G
has gone half round: and so on for any other
eccentricity or difference of the distance X 4 and
K k. The tooth i on the plate £ F falls in be-
tween the two teeth at £ on the plate GG, by
which means the revolution of the latter is so ad-
justed 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, in Fig 8%, is the sun § in Fig, 4™
which sun, by the wire Z fixcd to it, carries the
ball 1 round the circle 4 BC D, &c. with an
cquable motion, according to the order of the
letrers : and on the top of the axis X of the un-
equally-moving ellipsis G G, in Fig. 5%, is the
Sun § in Fig. 4™, carrying the ball ¥ unequal-
ly round in the elliptical groove abcd, &ec.
N.B. This elliptical groove must be precisely
equal and similar to the verge of the plate G G,
which is also equal to that of F F.

In this manner, machines may be made to
shewthe true motion of the Moon about the Earth,
or of any planet about the Sun; by making the
elliptical piates of the same eccentricities in pro-
portion to the radius, as the orbits of the planets
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are, whose motions they represent ; and so, their CHab.

different equations In different parts of thmr or- Xib
h-—-v—-—-_l

bits may be made plain to sight; and clearer

ideas of these motions and equations acquired in

haif an hour, than could be gained from reading

half a day about such motions and equations.

401. The IMPROVED CELTSTIAL GLOBE. On The im.
the north pole of the axis, above the hour-circle, f‘“"fl‘“'*
is fixed an arch M K H of 25+ dcgrceq s and at Globe,
the end H is fixed an uprizht pin /4 G which
stands directly over the north pole of the ecliptic,
and perpendicular to that part of the surface of
the globe. On this pin are two moveable collets puare 1,
at D and H, to which are fixed the quadrantal “¢ 3
wires N and 0, having two litle balls on their
ends for the Sun and Moon, as in the figure, The
< collet D is fixed ta the circular plate £, whereon
the 291 days of the Moon’s age are engraven,
beginning just under the Sun’s wire /V; and as
this wire is moved round the globe, the plate F
turns round with it. These wires are eusily
turned, if the screw G be slackened ; and when
they are set to their proper placcs, the screw
serves to fix them there so, thatin turning the ball
of the globe, the wires with the Sun and Moon'
go round with it ; and these two little balls rise
and set at the ‘same times, and on the same
points of the horizon, for the day to which they
are rectified, as the Sun and Moon ¢o the hea-
vens.

Because the Moon keeps not her course in the.
ecliptic (as the Sun appears to do) but has a de-
clination of 51 degrees on each side from it
in every lunation, § 317, her ball may be screw-
ed as many degrees to cither side of the ecliptic
as her latitude or declination from the echptic

B3
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amounts to at any given time ; and for this pur.
pose § is a small piece of pasteboard, of which
the curved edge at § is to be set upon the globe
at right angles to the ecliptic, and the dark line
over § to stand upright upon it. From this line,
on the convex edge, are drawn the 55 degrees of
the Moon’s latitude on both sides of the ecliptic;
and when this piece is set upright on the g{)obe,_
its graduated edge reaches to the Moon on the
wire O, by which means she is easily adjusted to
her latitude found by an ephemeris,

The horizon is supported by two semicircular
arches, because pillars would stop the progress of
the balls when they go below the horizon in an
oblique sphere, :

'Icla rectify this globe. Elevate the pole 1o the
latitude of the place ; then bring the Sun’s place
in the ecliptic for the given day to the brazea
meridian, and set the hour-index to XII at noon,
that is, to the upper XII on the hour<ircle;
keeping the globe in that situation, slacken the
screw (7, and set the Sun directly over his place
on the mendian; which done, 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 the ecliptic, and shew what con-
stellation she is in. Lastly, fasten the screw G,
and laying the curved edge of the pasteboard §
over the ecliptic below the Moon, adjust the
moon to her latitude over the graduated edge of
the pasteboard ; and the globe will be rectified.

Mtod of  Having thus rectified the globe turn it round,

using it

and observe on what points of the horizon the -
sun and moon balls rise and set, for these agree
with the points of the compass on which the Sun
and Moon rise and set in the heavens on the
given day : and the hour-index shews the times of
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their rising and setting ; and likewise the time of cHar.

the Moon’s passing over the meridian. Xxi.
This simple apparatus shews all the varieties

that can happen in the rising and setting of the

Sun and Moon ; and.makes the fore-mentioned

phxnomena of the harvest moon (chap. xvi.)

plain to the eye. It is also very useful in read-

ing lectures on the globes, because a large com-

pany can see the Sun and Moon go round, rising

above and setting below the horizon at different

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

keep the eye upon, they are easily lost sight of,

uniess they be covered with patches,

402. The PLANETARY GLoBES. In this ma. The pha..
chine, 7" is a terrestrial globe fixed on its axisy?
. standing upright on the pedestal C D E, onriare
which is an hour-circle, having its index fixed on;’ig"‘”
the axis, which turns somewhat tightly in the pe-
destal,so that the globe may not be liable to shake;
to prevent which, the pedestal is about two inches
thick, and the axis goes quite through it, bearing
on a shonlder. The globe is hung in a graduat-
ed brazen meridian, much in the usual way;
and the thin plate NE, is a moveable horizon,
graduated round the outer edge, for shewing the
bearings and amplitudes of the Sun, Moon, and
planets. The brazen 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
semicircle 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
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always keeps in the zenith of the horizon, and on
this pin, the quadrant of aliitude ¢ 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 ho-
rizon to the zenithal 'pin on which it is turned,
at 90. The 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 de-
gree is drawi through the rest of the surface of"
this plate towards its centre.  On this plate are
seven grooves, to which seven little balls are ad-
justed by sliding wires, so that they are easily
moved in the grooves, without danger of starting
out of them. The ball next the terrestrial globe
is the Moon, the next without it is Mercury, 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 follow-
ing characters: D, ¥ $ g0 &5 %5, This plate
or ecliptic Is supported by four strong wires, hav-
ing thelt lower. ends fited into the pedestal, at
C, D, and £, the fourth being hid by the globe.
The ecliptic is inclined 235 degrees to the pedes-
tal, and is therefore properly inclined to the axis
of the globe which stands upright on the pedestal.

Mettod of T rectify this mackine.  Set this Sun, and all

reetifying
the plinet-
ary gice.

the planetary balls, to their geocentric places in
the ecliptic for any given time, by an ephemeris:
then set the north point of the horizon to the
Iatitude of your place on the brazen meridian,
and the quadrant of altitude to the south point
of the horizon ; which done, turn the glebe with
its furniture till the quadrant of altitude comes
right against the Sun, viz. to his place in the
ecliptic; and keeping it there, set the hour index
to the XII next the letter €; and the machine
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will be rectified, not only for the following pro- ciar.
blems, but for several others, which the artist XX

v . . e |
may easily find out.

FROBLEM 1I.

T6 find the Amplitudes, Meridian, Altitudes, and

© times of rising, culminating, and sctiing, of the
Sun, Moon, and Planets.
Turn the globe round eastward, or according to To find the

the order of the signs; and as rhe eastern edge of &llitude,

N : ) : implitude, .
the horizon comes rlght against the Sun, Moon, south.ng,

or any planet, the hour index will shew the time ;:T::ﬁ;{‘;;‘
of its rising ; and the inner edge of the ecliptic he plasets
will cut its rising amplitude in the horizon.
Turn on, and as the quadrant of altitude comes
right against the Sun, Moon, or planets, the eclip-
tic cuts their meridian altitudes in the quadrant,
and the hour index shews the time of their com-

ing to the meridian. Continue furning, and as
the western edge of the horizon comes right
against the Sun, Moon, or plancts, their setting
amplitudes are cut in the horizoh by the ecliptic;
and the times of their setting are shewn by the
mdex on the hour crcle,

PROBLEM IL

To find the Altitude and Azimuth of the Sunm,
Moon, and Planets, at any time of their L.emfr
_above the Hor:*on.

Tum the globe till the index comes to the To find the
given time in the hour circle; then keep thelimus®n

globe steady, and moving the quadrant of alti-the plances.
tude to each planct respectively, the edge of the
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ecliptic will cut the planet’s mean aliitude on the
quadrant, and the quadrant will cut the planet’s
azimuth, or point of bearing on the horizon.

PROBLEM 111.

“The Sun’s Altitude Leing given at any time either
before or after Noon, to find the Hour of the
Day, and the Variation of the Compass, in
any known Latitude,

Togndthe With one hand hold the edge of the quadrant

day,snd the Fight against the Sun ; and, with }he other hand,
varation of tyyr the globe westward, if it be in the forenoon,

the omy.
Pﬂ&l.

The Tra-
jectorinm
Lupare.

or eastward, if it be in the afternoon, untl the
Sun’s place at the inner edge of the ecliptic cuts
the quadrant in the Sun’s observed altitude; and
then the hour index will point out the time of
the day, and the guadrant will cut the true azi.
muth, or bearing of the Sun for that time: the
difterence between which, and the bearing shewn
by the azimuth compass, shews the variation of
the compass in that place of the Farth,

403. The TrRAJECTORIUM LUNARE. This
machine is for delineating the paths of the Farth
and Moon, shewing what sort of curves they

Pearavy, Make in the ethereal regions ; and was just men-

Fig. §.

tioned in the 266™ article. S is the Sun, and £
the Earth, whose centres are 81 inches distant
from each other; every inch answering to a
million of miles, § 47. M is the Mcon, whose
centre is *%. parts of an inch from the Earth’s in
this machine, this being in just proportion to the
Moon’s distance from the l‘{arth, §52. Adis
a bar of wood, to be moved by hand round the
axis g, which is fixed in the wheel ¥, The c¢ir-
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cumference of this wheel isto the circumference of CHa®,
the small wheel L (below the other end of the bar) X',
as 3657 days is to 295 ; or as a year is to a luna-
tion. The wheels are grooved round their edges,
and in the groovesis the cat-gut string G G cross-
ing 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 wheel L) in the time
that the index goes round a circle of 294 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; andin the bar 4 A js
fixed the index I, which points 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 parts at the other end of the bar, On the
axis of the wheel L is put the piece D, below
the cock €, in which this axis turns round ; and
in D are put the pencils ¢ and m, directly under
the Earth £ and Mconr M ; so that m is carried
round ¢, as Mis round E,

Lay the machine on an even floor, pressing Method of
gently on the wheel ¥, to cause its spiked feet™"&*
(of which two appear at P and P, the third being
supposed to be hid from sight by the wheel) enter
a little into the floor to secure the wheel from
turning. Then lay a paper about four feet long
under the pencils ¢ and m, cross-ways to the bar:
which done, move the bar slowly round the axis
g of the wheel Y; and, as the Earth £ goes
round the Sun §, the Moon M will go round the
Earth with a duly proportioned velocity; and the
friction wheel # running on the floor, will keep
the bar from bearing too heavily on the pencils ¢
and m, which will delineate the paths of the
Earth and Moon, as in Fig. 29, already described
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at large, § 266, 267, As the index I points out
the days of the months, the index £ shews the
Moon’s age on these days, in the circle of 29+
equal parts. And as this last 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 e
and m are at those times respectively, to chew
the places of the Earth and Moon. If the pencil
¢ be pushed a very little off, as if from the pencil
m, to ahout % part of their distance, and the
pencil 7 pushed as much towards e to bring them
to the same distance again, though not to the
same points of space; then, as m goes round e,
e will go as it were round the centre of gravity
between the Earth e and Moon m, § <98 but
this motion will not sensibly alier the figure of
the Farth’s path or the Moon's.

If a pin, as p, be put through ‘the pencil m,
with its head towards that of the pin ¢ in the
pencil e, its head will always keep thereto as m
goes round e, or as the same side of the Mocn is
still turned to the Earth. But the pin p, which
may be considered as an equatoreal diameter of
the Moon, will turn quite round the point m,
making all pessible angles with the line of its
progress, or line of the Moon’s puth. This is
an ocular proof of the moon’s turning round her
axie. .

404. The Tipe.ptar. The outside parts of
this machine consist of—1, An eight-sided box,
»on the top of which, at the corners, is shewn the
phases of the Moon at the octants, quarters, and
tull.  'Within these is a circle of 29+ equal parts,
which are the days of the Moon’s age reckoned
from the Sun at new Moon, round to the Sun
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again. Within this circle is one of 24 hours crap.
divided into their respective halves and gnarters. _*X!-
2, A moving elliptical plate, painted blue, to re-
present the rising of the tides under and opposite
to the Moon s 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 #, 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 in the large machine
(but only 32 in the fggure. 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 in every lunar day: and to
the north and south points of this plate are fixed
two indexes { and K, 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 so, by lengthening the
ellipse, shew the spring tides, which are then
raised to the greatest heights by the united at-
tractions of the Sun and Moon, § 302. The yemod of
other two of these small plates appear” at low using the,
water when the moon is in her quadratures, or "™
at the sides of the elliptic plate, to shew the
neap-tides ; the Sun and Moon then acting cross-
ways to each other. When any two of these
small plates appear, the other two are hid ; and
when the Moon is in her octants, they all disap-
pear, there being neither spring nor neap tidesat
those times. Within the box are a few wheels
for performing these motions by the handle or
winch £, o

Turn the handle until the Mdon 37 comes to
any given day of her age in the circle of 29't
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equal parts, and the Moon’s wire /¥ will cut the
time of her coming to the meridian on that day,
in the hour circle ; the X1I 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 291 rotations whilst
the moon M makes only one revolution from the
sun to the sun again) turn the handle ill that
place comes to the word Aigh water under the
moon, and the index which falls among the fore-
noon hours will shew the time of high water at
that place in the forenoon 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 shew the time of high water in the af-
ternoon at that place. And thus, as all the dif-
ferent places come successively under and oppo-
site to the moon, the indexes shew the times of
high water at them in both parts of the day: and
when the same places come to the low water
marks, the indexcs shew the times of low water.
For about three days before and after the times
of new and full Moon, the two small plates come
out a little way from below the high-water marks
on the elliptical plate, to shew that the tides rise
still higher 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, shewing that the tides
of flood rise not then so high, nor do the tides of
ebb fall so low, as at other times.

By pulling the handle a little way outward, it
is 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 2 mi-



The Dial-plate descrited. 31

nute: and by pushing in the handle, it takes hold crap.
of the wheel.work again. XX

On A B, the axis of the handle H, is an end- T« insige
less screw C, which turns the wheel F E D of ¥k d““‘
24 teeth round in 24 revolutions of the handle:
this wheel turns another O N G, of 48 teeth,
and on its axis is the pinion P Q of four leaves, .
which turns the wheel L K I of 59 tecth roundrig 8.
in 292 turnings or rotations of the wheel F £ D,
or in 708 revolutions of the handle, which is the
number 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 # £ D;
and the elliptical or tide-plate with the Moon fix-
ed to it is upon the axis of the wheel LK I; con-
sequently, the former makes 29+ revolutions in
the time that the latter makes one. The whole
wheel FE D, with the endless screw C, and
dotted part of the axis of the handle A4 B, to-
gether with the dotted part of the wheel O NG,

Hie hid below the large wheel L K L '

Fig. 9" represents the under side of theDescription
elliptical or tide-plate a & ¢ d, with the four small 2.0 4=
plates 4BCD, EFGH, IKLM, NOPQ,
upon it: each of which has two slits, as T 7,

S8, RR, UU, sliding on two pins, as nn
fixed in the elliptical plate. In the four small
plates are fixed four pins, at #, X,- ¥, and Z;
all of which work in an elliptic groove o000 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 /# and X thrust out the plates 4 8 C.D
and /K L M a little beynond the ends of the
elliptic plate at d and &, to f and-e; whilst the
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pins ¥ and Z draw in the plates £ PG.H and
N O P Q quite under the elliptic plate to g
and 2. But, when the Moon comes to her first
or third quarter, the elliptic plate lies across the
fixed elliptic groove in which the pins work;
and therefore the end platess 4 B C D and
IK LM are drawn in below the great plate,
and the other two plates EFGIH and NOPQ
are thrust out beyond it to @ and c. When the
Moon is in her octants, the pins /', X, Y, Z are
in the parts o, 0, 0, 0, of the elliptic groove,
which parts are at 2 mean between the greatest
and least distances from the centre ¢, and then
all the four small plates disappear below the
great one.

405. The ecrLirsargon. This piece of me-
chanism exhibits the time, quantity, duration,
and progress of solar eclipses, at all parts of the
Earth,

The principal parts of this machine are, 1, A
terrestrial globe 4 turned round its axis B by
the handle or winch A4 ; the axis B inclines 231
degrees, and has an index which goes round the
hour circle I in each rotation of the globe. 2,
A circular plate E, on the limb of which the
months and days of the year are inserted. ‘This
plate supports the globe, and gives its axis the
same position to the Sun, or tc a candle properly
placed, that the Earth’s axis has to the Sun upon
any day of the year, § 388, by turning the plate
till the given day of the month comes to the fix-
ed pointer, or annual index G. 3, A crocked
wire F, which points towards the middle of the
Earth’s enlightened disc at all times, and shews
te what place of the Earth the Sun is vertical at

S
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any given time. 4, A penumbra, or thin drcu- cuar.
lar plate of brass I divided into 12 digits by 12 > "™
‘concentric circles, which represent a section of the pyars
Moon’s penumbra, and is proportioned to the XUl
size of the globe; so that the shadow of this
plate, formed by the Sun, or 2 candle placed at
a convenient distance, with its rays transmitted
through a convex lens to make them fall parallel
on the globe, covers exactly all those places up-

en it that the Moon’s shadow and penumbra do
on the Earth: so that the phenomena of any
solar eclipse may be shewn by this machine with
candle-light almost as well as by the light of the
Sun. .5, An upright frame H H H H, on the
sides of which are scales of the Moon’s latitude
or declination from the ecliptic. To these scales
are fitted two sliders X and K, with.indexes for
adjusting the penumbra’s centre to the Moon's
latitude, according as it isnorth or south, ascend-
ing or.descending. 6, A solar horizon C, dividing
the enlightened hemisphere of the globe from that
ahich 1s in the dark at any given time, and
shewing at what places the general eclipse begins
and ends with the rising or setting Sun. 7. A
handle M, which turns the globe round its axis
by wheel-work, and at the same time moves the
penumbra across the frame by threads over the
pullies L, L, I\ with a velocity duly proportion-
ed to that of the Moon’s shadow over the Earth,
as the Farth turns on its axis, And as the
Moon’s motion is quicker or slower, according

to her different distances from the Earth, the
penumbral motion is easily regulated in the ma-

chine by changing one of the pullies.

 406. Torectify the mackine for use. The true To rectify
time of new Moon and her latitude being known the elips-
by the foregoing precepts, § 358, et seq. if her latia™

ol. 11, C
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CHAP. tude exceeds the number of minutes or divisions
XXU. on the scales (which are on the side of the frame
prare  hid from view in the figure of the machine)},
XUl there can be no eclipse of the Sun at that con.
junction ; but if it does not, the Sun will be
eclipsed to some places of the Earth; and, to
shew the times and various appearances of the
eclipse at those places, proceed in order as fol.
lows.
To recily 407, To rectify the machine for performing by
the eclrs he light of the Sun. 1, Move thesliders KX till
Lighc of e their indexes point to the Moon’s latitude on the
) scales, as it is north or south ascending or de-
scending, at that time. 2, Turn the month-plate
E 1ill the day, of the given new Moon comes to
the annual index G. 8, Unscrew the collar N
a little on the axis of the handle, to loosen the
contiguous socket on which the threads that
move the penumbra are wound; and set the
penumbra by hand till its centre comes to the
perpendicular 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 point
of the crooked wire F'; then stop, and turn the
hour-circle D by hand till XII at noon comes to
its index, and set the penumbra’s middle to the
thread. 5, Turn the handle till the hour-index
points to the time of new Moon in the circle 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 O, O, on the pedestal ; and the whole
machine will be rectified.
To recily 408. 7o rectifiythemachine forshewing by candles
e fonbe light.  Proceed in every respect as above, except
die-lighe,  in that part of the last paragraph where the Sun
is mentioned ; instead of which place a candle
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before the machine, about four yards from it, so CHAP.
as the shadow of intersection of the cross threads, **!*
in the middle of the frame may fall precisely onpeare-
that part of the globe below £ the point of the XM
crooked wire: then, with a pair of compasses, take

the distance between the penumbra’s centre and
intersection of the threads; and equal to that
distance set the candle higher or lower, as the
penumbra’s centre is above or below the said in-
tersection. Lastly, place a large convex lens be-
tween the machine and candle, sothat the candle’

may be in the focus. of the lens, and then the

rays will fall parallcl; and cast a strong light on

the globe.

These things done, which may be sooner than mMemod of
expressed, turn the handle backward, until the::]ij‘"‘nfc’:m
penumbra almost touches the side HF of the' '
frame ; then turning it gradually forward, ob.
serve the following phenomena:. 1, Where the
eastern edge of the shadow of the penumbral
plate [ first touches the globe at the solar hori.
zon, those who inhabit the corresponding part of
the Earth see the eclipse begin on the uppermost
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 rising upon them centrally eclipsed. 3,
When the whole penumbra just falls upon the
globe, its western edge at the solar horizon
touches and leaves the place where the eclipse
ends at Sun.rise on his lowermost edge. Con-
tinue turning, and, 4, the cross lines in the cen-
tre of the penumbra will go over all those places
on the globe when the Sun is centrally eclipsed.
5, When the eastern edge of the shadow touches
any place of the globe, the eclipse begins there;
when the vertical line in the penumbra comes to
Ce2
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AR any place, then is the greatest obscuration 3¢
- that place; and when the western edge of the
puate  penumbra leaves the place, the eclipse ends
L ‘there; the times of all which are shewn on the

hour-cirele ; and from the beginning to the end,
the shadows of the concentric penumbral circles
shew the number of digits eclipsed at all the in-
termediate times. 6, When the eastern edge of
the penumbra leaves the globe at the solar heri-
zon C, the inhabitants see the Sun beginning to
be eclipsed on his lowermost edge at 1ts setting.
7, Where the penumbra’s centre leaves the
globe, the inhabitants see the Sun set centrally

. eclipsed. And, lastly, where the penumbra is
wholly departing from the globe, the inhabitants
see the eclipse ending on the uppermost part of
the Sun’s edge, at the time of its disappearing in
the horizon.

The eclipe 409, If any given day of the year on the
ooy 2 plate £ be ser to the annual-index G, and the
time of her handle turned till the meridian of any place
etiiny, ! comes under the point of the crooked wire, and
duration of then the hour-cirele D set by the hand till X1
evilght< comes to its index ; in turning the globe round
"~ by the handle, when the said place touches the
eastern edge of the hoop or solar horizon C, the

index shews the time of Sun-setting at that

place; and when the place is just coming out

from below the other edge of the hoop C, the

index shews the time when the evening twilight

ends to it. When the place has gone through the

dark part 4, and comes about so as to immerge

under the back of the hoop € on the other side,

the index shews the time when the morniug
twilight begins ; and when the same place is just

coming out from below the edge of the heop
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next the frame, the index points out the time of CHAP.
Sun.rising.  And thus, the times of Sun-rising **!"
and setting are shewn at all places in one rota-puara
tion of the globe, for any given day of the year 3 X!
and the point P of the crocked wire F shews alf

the places over which the Sun passes vertically

on that day,
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THE METHOD OF FINDING THE DISTANCES OF THE
PLANETS FROM THE SUN,

.

CHAP. XXII,

ARTICLE I,
Concerning Parallaxes, and their Use in general,

410, Tz * approaching tramsit of Venus over cHar,
Sun has justly engaged the attention of astrono- *Xii-
mers, as it is a phenomenon seldom seen, and as The transic
the parallaxes of the Sun and planets, and theirof Yenus
distance from one another, may be found with g:ﬂ?ﬁgt%:he
greater accuracy by it, than by any other method Prrliazes
et known., . Dete. F
, 411, The parallax of the Sun, Moon, or any Exphna-
planet, is the distance between its true and appa- moper P
rent place in the heaven.—The true place of any
celestial object, referred to the starry heaven, is-
that in which it would appear if seen from the
centre of the Earth; the apparent place, is that
in which it appears as seen from the Earth’s sur-

face. :

* The whole of this Dissertation was published jn the
beginning of the year 1761, before the time of the trausit,
except the 7'* and 8'» articles, which have been added singe
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&PL?E To explain this, let 4 B D H be the Earth,
. ,{Fig. 1, of Plate XIV), C its centre, M the
ruare  Moon, and Z X R an arc of the starry heaven,
XY.  To an observer at € (supposing the Earth to be

g 1. R

transparent) the Moon 31 will appear at U,
which is her true place referred to the starry
firmament : but at the same instant, to an obe
server at 4 she will appear at 4, below her true
place as among the stars. The angle 4 M C
is called the Moon’s parallax, and is equal to the
opposite angle UMu,* whose measure is the celes-
tial arc Uu. Thewhole earth is but a point if com.
pared with its distance from the fixed stars, and
therefore we consider the stars as having mo

parallax at all.
412. The nearer the object is 1o the horizon,
the greater is it parallax ; the nearer it is to the
The peral. Z€Nith, the less.  In the horizon it is greatest of
Lﬂd of aoy all, in the zenith it is nothing.—Thus let 4 L¢
earcassits e the sensible horizon of an observer at 45 to
a".it_ugc d-him the Moon at L is in the horizon, and her
PR parallax is the angle 4 L C, under which the
Earth’s semidiameter .4 C appears as seen from
her. This angle is called the Moon’s horizontal
parallax, and is equal to the opposite angle T L¢,
whose measure is the arc T'¢ in the starry hea-
ven. As the Moon rises higher and higher to
the points M, N, O, P, in her diurnal course,
the parallactic angles UMu, X Nz, Y Gy, di.
minish, and so dotheares Uu, Xz, Yy, which
are their measures, until the Moon comes to P3
"and then she appears in the zenith Z without
any parallax, her place being the same as seen
from A on the Earth’s surface, and from C its

centre.

* Playfair’s Euclid, Book i, Prop. 15.
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413, If the observerai.:t A could take the true g:(lglr;.
measure or quantity of the parallactic angle, |,
A L C, he might thereby ﬁndp the Moon’s dgis How -0 find
tance from the centre of the Earth. For then, the Moen’s
in the plain triangle L  C, the side . C, which irom her
is the Earth’s semidiameter, the angle A L C, i
which is the Moon’s horizontal parallax, and the
right angle C.4 L, would be given. There.
fore, by triganometry, as the tangent of the pa-
rallactic angle AL C is to radius, so is the
Earth’s semidiameter A C to the Moon’s dis.
tance C L from the Earth’s centre C.* But be-
cause we consider the Earth’s semidiameter as
unity, and the logarithm of unity s nothing,
subtract the logarithmic tangent of the angle
AL C from radius, and the remainder will be
the logarithm of € L, whose number is equal to
the number 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 radius oeoneocnoavnn-- 10.:00:0000

Subiract the tangent of 577 18" ..., 5.92,U2)7

And there will remain wemeevwenne- RN IR

which is the logarithm of 59.99, the number of
semidiameters 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 miles contained in the Earth’s semi.
diameter, 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 hori-
zontal parallax cannot be accurately determined
by observing the Moon in the horizen, on ace
count of the inconstancy of the horizontal re-

} Playfair’s Euclid, T'rigonometry, Prop 1.
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cuap. fractions, which always vary according to the
XX gtate of the atmosphere; and, at a mean rate,
elevate the Moon’s apparent place near the hori-
zon half as much more than as her parallax de-
presseth it.  And, therefore, to have her parallax
more accurate, astronomers have thought of the
following method, which seems to be a very good
one, but which has not y.t been put in practice.
Method of  Let two observers be placed under the same
ing the . e . .
Moon's pa. Meridian, one in the northern hemisphere, and
wllsy. © the other in the southern, at such a distance from
each other, that the arc of the celestial mendian
included between their two zeniths may be at
least 80 or Y0 degrees. Let each observer take
the distance of the Moon’s centre from his zev
nith, by means of an exceeding good instrument,
at the moment of her passing the meridian : add
these two zenith-distances of the -Moon together,
and their excess above the distance between the
two zeniths will be the distance between the two
apparent places of the Moon. Then, as the sum
of the natural sines of the two zenith distances of
the Moon is to radius, so is the distances be-
tween her two apparent places to her horizontal
parallax : which being found, her distance from
the Earth’s centre may be found by the analogy
mentioned in § 418,
Plustration Thus, in Fig. 2, let VE C Q be the EaI'th,
o ;‘;‘"m M the Moon, and Z & a z an arc of the celestial
P“'“ meridian, Let 7 be Vienna, whose latitude £ 7
Xiv, is 48° 20’ north; and C the Cape of Good
¥ig & Hope, whose latitude £ C is 84° 30’ south:
both which latitudes we suppose to be accurately
determined beforehand by the observers. As
these two places are on the same meridian
n VECs, and in different hemispheres, the
sum of their latitwdes 82° 50/-is their distance
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from each other. Z is the zenith of Vienna; cHawm
and z the zenith of the Cape of Good Hope; XXUb
which rwo zeniths are also 82° 50’ distant from
each other, in the common celestial meridian
Zz. 'To the observer at Vienna, the Moun’s
centre will appear at a in the celestial meridian
and at the same mnstant, to the observer at the
Cape, it will appear at 4. Now suppuse the
Moon’s distance Z a from the zenith of Vienna
to be 88° 1’ 58 ; and her distance 2z from the
zenith of the Cape of Good Hope te be 46° # 4173
the sum of these two zenith-distances (Za 4 z4)
s 84° 6' 34", from which subtract 82° 50", the
distance Z z between the zeniths of these two
places, and there will remain 1° 1/ 34", for
the arc ba, or distance between the two appa-
rent places of the Moon’s centre, as seen from
# and from C. Then, supposing the tabular
radius to be 10000000, the natural sine of
88° 1V 88" (the arc Za) is 6160816, and the
natural sine of 46° 4 14 %the arc z b) is
7202821 : the sum of both these sines is
13363687, Say therefore, as 13363637 is
to 10000000, so is 1° 16’ 847, to 57 18",
which is the Moon’s horizontal parallax.

If the two places of observation be not exactly
under the same meridian, their difference of lon.
Fitude must be accurately taken, that proper al-

owance may be made for the Moon’s declination
whilst she is passing from the meridian of the
ene to the meridfan of the other.

415. The Earth’s diameter, as seen from the relative
Moon, subtends an angle of double the Moon’s 7o des
‘horizontal parallax ; which being supposed (asaud ptoor.
above) to be 57’ 187, or 3438", the Earth’s dia-
meter must be 1% 54 3¢, or 687v". Wh=n
the Moon’s horizontal parallax (which is variable
on account of the eccentricity of her orbit) is
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CHAP. 37/ 187, her diameter subtends an angle of 31/ 27,
XXHL ; P .
g ,or 1862" : thgrefore, the Earth.s diameter is to
the Moon’s diameter, as 6876 is to 1862 ; that
is, a8 8.6%91sto 1.

And since the relative bulks of spherical bodies
are as the cubes of thelr diameters, the Farth’s
bulk is to the Moon’s bulk, as 49.4 is to 1.

416. The parallax, and consequently the dis-
tance and bulk, of any primary planet, might be
found in the above manner, if the planet was near
enough to the Earth, so as to make the differ-
ence of its two apparent places sufficiently sen-
sible ¢ but the nearest planet is too remote for

The traneie the accuracy required. In order therefore to
of Venus  determine the distances and relative bulks of the
}’;;‘r[;:;fﬁg planets with any tolerable degree of precision, we
the parsl- must have recourse to a method less liable to
lazes of the . . .

primary  €rror 3 and this the approaching transit of Venus
plancts.  gver the Sun’s disc will afford us.

417. From the time of any inferior conjunction
of the Sun and Venus to the next, is 583 days
22 hours 7 minutes. And, if the plane of Venus’s
orbit were coincident with the plane of the
ecliptic, she would pass directly between the Earth
and the Sun at each inferior conjunction, and
would then appear like a dark round spot on the
Sun, for about 7 hours and 8 quarters. But
Venus’s orbit (like the Moon’s} only intersects

: the ecliptic in two opposite points, called its
nodes.  And therefore one half of it is on the
north side of the ecliptic, and the other on the
south 1 on which account, Venus can never be
seen on the Sun, but at those inferior conjunc-
tions which happen in or ncar the nodes of her
orbit, At all the other conjunctions, she either
passes above or below® the Sun; and her dark
side being then towards the Karth, she is in-

3
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visible.—The last time when this planet was seen gr‘!;ar’.
like a spot on the Sun, was on the 24" of No- X3!,

vember, old stile, in the year 1639,

ARTICLE 11,

Shewing how to find the horizontal parallax of
FPenus by ohservation, and from thence, by
analogy, the parallax and distance of the Sun,
and of all the Planets from him.

418, In Fig. 4, of Plate XIV, let D4 B bethep, ary
Earth, V" Venus, and T'S B the eastern limb XIV.
of the Sun. To an observer at B, the point ¢ & *
of that limb will be on the meridian, its place re.
ferred to the heaven will be at £, and Venus
will appear just withint it at §. But, at the same
instant, to an observer at .4, Venus 1s east of the
Sun, in the rightline 4 ¥ F'; the point ¢ of the
Sun’s limb appears at e in the heavens; and if
Venus were then visible, she would appear at F.
The angle € VA is the horizontal parallax of
Venus, which we seek ; and is equal to the op-
posite angle F'J E, whose measure is the arc
FE. A8C is the Sun’s horizontadl parallax,
equal to the opposite angle e § £, whose mea-
sure is the arc ¢ E: and F.de (the same as
VA v) is Venus’s horizontal paraliax, from the
Sun, which may be found by observing how
much later in absolute 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 Vo,

419, It appears by the tables of Venus’s motion
and the Sun’s, that at the time ol her ensuing
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transit, she will move 4 minutes of a degree on the
Sun’s disc in 60 minutes of time ; and therefore
she will move 4 seconds of a degree in one minute
of time, _

Now, let us suppose, that .4 is g0 degrees west
of B, so that when it is noon at B, it will be Ylin
the morning at 4 { that the total ingress as seent
from B is at 1 minute past XII, but that as seen
from A itisat 7 minutes 30 seconds past VI:
deduct 8 hours for the difference of meridians of
A and B, and the remainder will be 6 minutes
30 seconds for the time by which the total in.

ress of Venus on the Sun at § is later as seen
rom A than is seen from B: which time being
converted into parts of a degree is 26 seconds, or at
the arc Fe ofP Venus’s horizontal parailax from
the Sun: for, as 1 minute of time is to 4 seconds
of a degree, so is 61 minutes of time to 26 seconds.
of a degree, o _ ‘

420. The times in which the planets perform
their annual revolutions about the Sun, are al-
ready known by observation. From these times,
and the universal power of gravity by which the
planets are retained in their orbits, it is demon-
strable, that if the Earth’s mean distance from
the Sun be divided into 100000 equal 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-—Jupiter’s, 520096—and Sa-
turn’s, 954006, Therefore, when the namber
of miles contained in the mean distance of any
planet 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 distance from the Sun will be 1015 (the

3
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mean distance being here considered as 1000),
and Venus's distance from the Sun will be 726
{the mean distance being considered as 723),
which differences from the mean distances arise
from the elliptical figure of the planets orbits.~—
Subtract 726 parts from 1015, and there will re.
main 289 parts for Venus’s distance from- the
Earth at that time.

421. Now, since the horizontal parallaxes of
the planets are ¢ inversely as their distances from
the Earth’s centre, it is plain, that as 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 ob.
servation, the Sun’s horizontal parallax may be
found, and consequently his distance from the
Earth.—Thus, suppose Venus’s horizontal paral-
lax should be found to be 86°.3480; then, as
the Sun’s distance 1015 isto Venus's distance 289,
50 is Venus’s horizontal parallax 86".3480 to
the Sun’s horizontal parallax 10°.3493 on the
day of her transit, And the difference of these
two parallaxes, viz. 257.9987 (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 delincating her

transitover theSun’s disc,aswill appearfurther on.

4 To prove this, let § be the Sun (Fig. 3), ¥ Venus,
A B the Earth, € its centre, and 4 C its semidiameter.
The angle 4 ¥ C is the horizontal parallax of Venus, and
A 3 C the horizontal parallax of the Sun, But by the pro-
-perty of plane triangles, (Playfair’s Euclid, Plane Tng.
Prop. i.} as the sine of A4 ¥C {or of §V4 its supplement
to 180) 1 to the sineof A5C, soin A5 to A V, and so ia
CS§ to C¥V, N.B. In all angles lese than & minute of &
. degree, the sines, tapgents, and arcs, are so hearly equal,
‘that they may without error be used for ope another. And
here we make use of Gardiner’s logarithmic tables, because
they have the gines to every second of adegree. -

fol. 11,

CHAP.
- XX,
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To find the Sun’s horizontal parallax at the
time of his mean distance from the Earth, say, as
1000 parts, the Sun’s mean distance from the
Earth’s centre, is to 1015, his distance therefrom
on the day of the transit, so is 10”3493, *his ho-
rizontal parallax on that day, te 1075045, his
horizontal parallax at the time of his mean dis-
tance from the Earth's centre,

422. The Sun’s parallax being thus (or any
other way supposed to be) found, at the time of
his mean distance from the Earth, we may find
his true distance therefrom, in semidiameters of
the Earth, by the following analogy. As the
sine {or tangent of so small an arc as that) of the
Sun’s parallax 10".5045 is to radius, 56 is unity
or the Earth’s semidiameter to the number of
semidiameters of the Earth that the Sun is dis-
tant from its centre, which number, being muld.
plied by 3985, the number of miles contained in
the Earth’s semidiameter, will give the number
of miles by which the Sun is distant from the
Earth's centre. '

Then, by § 429, as 100000, the Earth’s mean
distance from the Sun in pans, is to 887.0,
Mercury’s mean distance from the Sun in parts,
so is the Earth’s mean distance from the Sun in
miles to Mercury's mean distance from the Sun
in miles.—And,

As 100000 is to 72333, so is the Earth’s
mean distance from the Sun in miles to Venus’s
mean distance from the Sun in miles,—Like-
wise, '

As 100000 is to 152369, so is the Farth’s
mean distance from the Sun in miles to Mars’s
mean distance from the Sun in miles.~ Again,

As 100000 is to 520086, so is the Earth’s
mean distance from the Sun in miles to Jupiter’s

- mean distance from the Sun in miles.—Lastly,
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As 100000 s to 954006, so is the Earth’s cuap.
mean distance from the Sun in miles to Saturn’s & XX\
mean distance from the Sun in miles. Y

And thus, by having found the distance of an
one of the planets from the Sun, we have su#
«clent data for finding the distances of all the rest,
-And then, from their apparent diameters at these
known distances, their real diameters and bulks
may be found.

423. The Eaith’s diameter, as seen from the
Sun, subtends an' angle of double the Sun's hori.
zontal parallax, at the time of the Earth’s mean
distance from the Sun : and the Sun’s diameter,
as seen from thé.Earth at that time, subtends an
angle of 32" 2", or 1922°. Therefore, the Sun’s
diameter is to the Earth’s diameter, as 19292 is
to 21. And since the relative bulks of spherical
bodies are as the cubes of their diameters, the
Sur’s bulk is to the Earth’s bulk, as 756058 is
to 1; suppasing the Sun’s mean horizontal pa~
ralfax to be 10".50, as above,

42¢. It is plain by Fig. 4, that whether Venus prarz
be at Uor 7, or in'any other part of the right £¥-
line B 78, it will make no difference in the
time of her total ingress on the Sun at §, as
seen from B8 ; but as seen from A it will, For,
if Venus be at 7, her horizontal parallax from
the Sun is the arc Fe, which measures the
angle FA e: but if she be nearer the Earth, as
it U, her horizontal parallax from the Sunis
the arc fe, which measures the angle fde;
and this angle is greater than the angle Fd e, by
the difference of their measures fF. So that, as
the distance of the celestial object from the Earth
is less, its parallax is the greater.’

. 425. Tofind the parallax of Venus by the above.
methoed, it is necessary, J, Tha;) the difference of
2
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CHAP meridians %‘1 thehtwo pla;e; of obsen:iﬁon be
. ,00° ;—2, That the time of Venus’s total ingress
on the Sun be when his eastern limb is eizllfgrron
the meridian of one of the places, or very near
it 3—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 requisites, we shall shew how this im-
portant problem may be solvediiby a single ob-
server, 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 orbit in which she
will move during her transit over the Sun, may
‘be considered as a straight line ; and therefore, a
‘plane may be conceived to pass both through it
and the Earth’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 wouid
describe as seen from the Earth’s centre: and
therefore she will have no parallax of latitude,
either north or south; but will have a greater or
Jess parallax of Iongltude, 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 mendiah
of that place. Consequently to an observer at
Matura, Venus will have a considerable parallax
of longitude eastward from the Sun, when she
would appear to touch the Sun’s eastern imb as
seen from the Earth’s centre, at which the astro.
nomical tables suppose the observer to be placed,
and give the times as seen from thence,
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. 427, According to these tablés, Venus’s tetal crap,
ingress on the Sun will be 50 minutes -after VI[ XX
in the morning at Matura, * supposing that place ™ ¥
to be 80° east longitude from the meridian of
London ; which is the observer’s business to de.

-termine. Let us 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 &
minutes 46 seconds later than the true calculated

time of total ingress, as seen from the Earth’s
centre, Then, as Venus's motion on (or to-
wards, or from) the Sun is at the rate of 4 mi-
nutes of a degree inan hour (by § 418), her mo-
tion must be 28".1 of a degree in 5 minutes 46.
seconds of time ; and this 28%1 is her parallax
eastward, from her total ingress as seen from
Matura, when her ingress would be total if seen
from the Earth’s centre. - . . o

428. At VL hours 50 minutes in the morning, -

the Sun is 624° from the meridian; at VI in
the morning he is 90° from it: therefore, as the
sine of 62}° is to the sine of 29".1 (which is
Venus’s parailax from her true place on the Sug
at VII hours 50 minutes) so is radius, or the
sine of 90°, to the sine of 26”, which is Venus’s
horizontal parallax from. the Sun at VI. In lox
garithms thus: S _

As the logarithmic sine of 62° 30 .... 9.94799289

Is to the logarithmicsine of 25°.1 .. .. 6.0481510

8o is the logaritbmic radivs .. 4v.... 10.0000000

To theloggrithmic sine of 26" very heaﬂy 6.1002221

* The tine of total ingvess at Yondon, as seen from the

Earth’s centre, is at 30 minutes after I in the moming;

and if Matura be just 80° (or 5 hours 20 minutes) .east of
London, when it 18 30 minutes II in the moming at .
Lomdon, it is 50 minytes past VII Ia_; Igatun.



. 84  The Method of finding tne Distances

CHAP.  Divide the Sun's distance from the Eanh,

XU 1015, by his distance from Venus 726 (§ 12), and

the quotient will be 1.8980; which being multi-

plied by Venus’s horizontal parallax from the

Sun 26, will give 36".3480 ; for her horizontal

lax as seen from the Earth at that time.~

Then (by § 421), as the Sun’s distance 1015 is

to Venus’s distance 289, so is Venus’s horizontal

arallax 867.3480 to the Sun’s horizontal paral-

ax 10°.3498.—If Venus’s horizonral parallax

from the Sun is found by observation to be

greater or less than 26, the Sun’s horizorital

parallax must be greater or less than 10°3493
accordingly.

429. And thus, by a single observation, the pa-
rallax of Venus, and consequently the parallax
of the Sun, might be found, if we were sure
that the astronomical tables were quite correct as
to the time of Venus’s total ingress on the Sun.—
But although the tables ma safely depended
upon 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 Sun’s eastern limb,
to the beginning of her egress from his western ;
yet they may perhaps not give the true times of
these two internal contacts: kke a good com.
mon clock, which though it may be trusted to
for measuring a few hours of time, yet Perhaps
it ma{ not be quite adjusted to the meridian of
the place, and conséquently not true as to any
one hour; which every one knows is generally
the case.~Therefore, to make sure work, the
observer ought“to watch botlr the moment of
Venus’s total ingress on the Sun, and her begin.
ning of egress from him, so as to note precisely
the times between these two instants, by means
of a good clock : and by comparing the ‘interval

3
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at his place with the true calculated interval as cpap.
seen from the Earth’s centre, which will be 5 XXu.
hours 58 minutes, he may find the parallax of =™
Venus from the Sun both at her total ingressand
beginning of egress. S
430. The manner of observing the  transit Methad of
should be as follows.—The.observer being pra.sherving
vided with-a good telescope, and a pendulum )
clock welladjusted to the mean diurnal revolu- -
tion of the Sun, and as near to the time at his
place as conveniently may be; and having an
assistant to watch the clock at the proper times,
he must begin to observe the Sun’s eastern limb
through. his telescope, twenty minutes at least
before the coinputed time of Venus’s total ingress
upon it, lest there should be an error in the time
thereof, as given by the tables.
When he perceives a dent (as it were) to be
made in the Sun’s limb. by the interposition 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 clock, 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 strike a blow therewith on the
table or wall, 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 con-
sequently wiil then- be at its least apﬁarent dis.
tance from the Sun’s centre ; at which time, the
observer must take its distance from the Sun’s
centre, by means of a good micrometer, in order
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cRAP. to ascertain its true latitade or declination from
XXII. the ecliptic, and thereby find the plam of its
b= nodes.

Prars
Hiv,
Fig, 5.

This done, there is but little occasion . to ob-
serve it any longer, until it comes sa near
the Sun’s western limb, as almost to touch it.
Then the observer thust watch the "planet care.
fully- with his telescope s and his assistint rhust
watch the clock, 6o 2s to nete the precise mo-
ment of the planet’s touching the Sun’s Iimb,
which the ashistant knows by the observur’s stnk-_
ing a blow with his hammer. -

431, The assistant muost be very meful in ob-
serving what minute on the dial-plate thé minute.
hand has past, when he has. observ_cd the second-
Trand at the instant the blow was struck by the
hammer ; otherwise, though he be’ right as to
the number of seconds of the current ‘minute,

- he may be apt to makeam:stakemthenumber

of minutes.

492. To those places where the transit’
before X1I at noon, and ends after it, Venus will
have.an eastern parallax from the Suri:ar the be-
ginning, and a western parallax from the Sun at
the end : Wwhich will contract the duration of the
transit, by causing it to begin later, and ¢nd soon-
cr at these places, than it does as seen from the
Karth’s centre ; which may be explained in the
following manner.

In Fig. &, of Plate XIV, let BM A be the
Earth, # Vepus, and § the Sun. The Earth's
motion on its axis from west to east, or in the
direction .4 M B, carries an observer on that
side contrary to the motion of Venus in her or-
bit, which is in the direction U ¥ W, and will
therefore cause her motion to appear qu:cker on
the Sun’s disc, than it would appear to an ob-
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sérver placed at the Eatth’s centve €, of at either cmar
of its poles.. - Fox, if :Nenus were 10.stand sulp %L
in her orbit at & for. twelve hnuta, the obserer/ "
on'the Barth’s tunfice would, in that timk, be
carried from 4 to B, throwgh ) the arc AMB.«
When he was at 4, be would sée Venud on the
Sux at R ; when at M; he wonld see her 1 § 3
and when hcmaB‘, he woukt: sce her at T
so that his own motion wohld canse’ the planet
to appear in. motion o the Sim threugh the line
 RST: which being i the. direction:of her ap«
patent: motion an the Sun 2s she movesin her
orbit U #, her motion will be accelerated 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 hew orbit at 7.

But as the whole duration of the transit, from
firet to last intermal cotitact, will not be quite sik
hours; an abserver, who has the Sun on his me-
ridian at the middle of the transir, will be carried
enly from a to'b during the whole. time thereof.
And therefore, the duration.wiil be much -less
contracted by his own motion, than if the phinet
were to be twelve hours in passing over the Sun,
as seen from the Earth’s centre.

. 438. The noarer Venus is to the Efirth, :the ... »
greater is her parallax, and the tore: will the' .
true durtion df her transit be contracted therebyy .
the farther she is from the Earth, the contraryy =
s0 that the contraction will be i direct propon-
tion to the parallax,. Therefore, by o
at proper places, how much the duration of thé
transit is less than its true duration &t the Earth’s
centre, where it is & hours 58 minhites, as given
by the astronomical tables, the paral.h:: of Ve.nus
will be ascertaimed,
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1 434, The above method (§ 17, & s29.)is much
the same as was prescribed long ago by Doctor
Halley, but the calculations differ’ considerably
from his; as will appear in the next article,
which contains a translation of the doctor's whole
dissertation on that subject. He had not com-
uted his own tables when he wrote it, nor had
e time before.hand to make a sufficient number
of observations on the motion of Vehus, €o as
to 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

ARTICLE 1II.

Containing Dr. Holley's Dissertation on the me.
. thod of finding the Sun’s parallax and distance
. Jrom the Earth, by the transit of Penus over
. the Sun’s disc, June 6, V181. Translated
Jrom the Latin in Motte’s Abridgment of the
Philosophical Transactions, Vol. 1, p. 248 ;
.. svith additional notes. : _

438, TrExE ave many thiﬁgs exceedingly para.

i#icolty of doxical, and that seem quite incredible to the illi

determin-

ing the
Sun’s dis-
L8862,

terate, which yet by means of mathematical prin-
ciples may be easily solved. Scarce any problem
wiil appear more hard and difficult, than that of
determining the distance of the Sun from the
Earth very near the truth ;. but even this, when
we are made acquainted with some exact ob-
servations, taken 4t places fixed upon, and chosen
before-hand, will without much labour be ef.
fected. And this is what I am now desirous ta
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lay before this iilustrious Society ¢ (which I fore. cHAP.
te¥ will continue for ages), that I may explain XXM
before-hand to young astronomers, who may
perhaps live to observe these things, the method
whereby the immense distance of the Sun may
be truly obtained, to within a five hundredth
part of what it really is. '

436. It is well known that the distance of the Varions
Sun from the Earth is by different astronomers :’&’:‘;‘”
, supposed different, according to what was judged ascron.
most probable from the best conjecture that each ot a®
could form. Ptolemy and his followers, as also sf e sen,
Copernicus and Tycho Brahe thought it to be
1200 semidiameters of the Earth: Kepler 3500
nearly ; Ricciolus doubles the distance mentioned
by Kepler, and Hevelius only increases it by one
half. But the planets Venus and Mercury hav.
ing, by the assistance of the telescope, been seen
on the disc of the Sun, deprived of their bor-
rowed brightness, it is at length found that the
apparent diameters of the planets are much less
than they were formerly supposed ; and that the
semidiameter of Venus seen from the Sun.sub.
tends no more than a fourth part of a minute,
or fifteen seconds, whilst the semidiarseter of
Mercury, at its mean distance from the Sun, is
seen under an angle only of ten seconds; that
the semidiameter of Saturn seen from the Sun,
appears under the same angle; and that the se.-
midiameter of Jupiter, the largest of all the
planets, subtends an angle of no more than a
third part of a minute at the Sun. Whence,
keeping the proportion, some modern astrono-
mers have thought, that the semidiameter of the

* The Royal Society.
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Earth, seen from the Sun, would subtend a mean
angle between that larger one subtended by Ju-
piter, and that smaller one subtended by Saturn
and Mercury ; and equal to that subtended by
Venus (namely, fifteen seconds): and have
thence concluded, that the Sun is distant from

" the Farth almost 14,000 of the Earth’s semi-

diameters. But the same authors have, on an-

_other account, somewhat increased this distance :

for, inasmuch as the Moon’s diameter is a little.
more than 2 fourth part of the diameter of the

. Harth, if the Sun’s parallax should be supposed

fifteen seconds, it would follow, that the body of
the Moon is larger than that of Mercury ; that
i4, that a secondary: planet would be greater than:
a primary, which would seem inconsistent with
the dniformity of the mundane system. And on
the contrary, the same regularity and uniformity
seems scarcely to admit, that Venus, an inferior
planet, that has no satellite, should be greater -
than our Earth, whick 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 2
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 18,500 of the Earth’s semidiameters.
This distance I assent to at present, as the true
qne, till it shall become certain what it is, by
the experiment which I propose. Nor am I in.
duced to alter my opinion by the authority of
those (however weighty it may be) who are for
placing the Sun at an immense distance beyond
the bounds here assigned, relying on observations
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-rhade upon the vibrations of a pendutum, in or- cBay.
der to r:letermme those exceedmg small a.ngles XN
but which, ae it seems, are not sufficient o be
depmded upon : at least, by this method of in.
vest:gatmg the parallax, it will come out some.
times nothing, or even negative; that is, the
distance would either become infinite, or greater

than infinite; which is absurd. = Aand indeed, to
confess the truth it is hardly possible for a man

to distinguish, with any degree of certainty, se-
conds, or even ten seconds, with mstrurnents,

fet them be ever s0 skilfully made: therefore, it

is not at all to be wondered at, that the excessive
nicety of this matter has eluded the many and
ingenious endeavours of such skilful operators.

487. About forty years ago, whilst I was in the Whea Dr.
island of S°. Helena, observing the stars about ey, was
the south pole, I had an opportunity of observ. tramit

£reury at
ing, with the greatest diligence, Mercury passing .. gelena,
over the disc of the Sun; and (which succeeded it
better than 1 could have hoped for) 1 observed, thenee de.
with the greatest degree of accuracy, by means ™ol
of a telescope 24 feet long, the very moment disance.
when Mercury, entering upon the Sun, seemed
to touch its ltmb within, and also the moment
when going off, it struck the limb of the Sun’s
disc, forming the angle of interior contact:
whence I found the interval of time, during
which Mercury then appeared within the Sun’e
disc, even without an error of one second of
time. For the lucid line intercepted between the
dark limb of the planet and the bright limb of
the Sun, although exceedingly fine, is seen by the
eye ; and the little dent made in the Sun’s limb,
by Mercury's enterlraxf the disc, appears to vanish
in 2 moment ; so that .made by Mercur)*,
when leaving the disc, seems to begin in an ig-
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QAP “stant. When I perceived this, it immediately

N ,came into my mind, that the Sun’s parallax
might be accurately determined by such kind of
observations as these; provided Mercury were
but nearer to the Earth, and had 2 greater
parallax from the Sun: but the difference of
these parallaxes is so little, as always to be less
than the $olar parallax which we seek; and there.
fore Mercury, though frequently to be seen on
the Sun, is not to be locked upon as fit for our
purpose. :

The an- 488. There remains then the transit of Venus

more mit. over the Sun’s disc, whose parallax, being almost

more wuit.
able for de. four times as great as the solar parallax, will cause

e Sunre very sensible differences between the times in

disance.  which Venus will seem to be passing over the
Sun at different parts of the Earth. And from
these differences, if they be observed as they
ought, the Sun’s parallax may be determined
even to a small part of a second.,” Nor do we
require any other instruments for this purpose,
than common telescopes and clocks, only good
of their kind; and in the observers, nothing
more is needful than fidelity, diligence, and a
moderate skill in astronomy. For there is no
need that the latitude of the place should be
scrupulously observed, nor that the hours them-
selves should be accurately determined with re-
spect to the meridian: it is sufficient that the
clocks be regulated according to the motion 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 begins to
touch the bright limb of the Sun within ; which
momenis, I know by.my own experience, may
be cbserved within a second of time.
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" 289, But on account of the very strict laws by cHaP.
which the motions of the planets are regulated, X"
Venus is seldom seen within the Sun’s disc : and Transits of
during the course of more than 120 years, it ::;";‘:l-
could not be seen once ; namely, from the year pen.
1638 (when this most pleasing sight happened

to that excellent youth Horrox our countryman,

and to him only, since the creation) to the year

1761 ; in which year, according to the theories
which we have hitherto found agreeable to the
celestial motions, Venus will again pass over the

Sun on the > 26 of May, in the morning; so

that at London, about six o’clock in the morn-

ing, 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
durarion of this transit will be almost eight hours;
namely, from two o’clock in the morning till
almost ten. Hence the ingress will not be visible

in England ; but as the Sun will at that time be

in the 16% degree of Gemini, having almost 23
degrees north declination, it will be seen without
setting at all in almost all parts of the north
frigid zone: and therefore the inhabitants of the

coast of Norway, beyond the city of Nidrosia,
which is called Drontheim, as far as the North

cape, will be able to observe Venus entering the

Sun’s disc; and perhaps the ingress of Venus

upon the Sun, when rising, will be seen by the
Scotch, in the northern parts of the kingdom,

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

? The 6™ of June according to the new stile.
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XXIL b ! ;

e A1 therefore in the adjacent regions, as the Sun,

- when Venus .enters his}acdisq, gl_l be almost four
hours toward the east, and s many toward the
west when she leaves him, the apparent motion
of Venus on the Sun will be accelerated by al-
most double the horizanwl parallax of Venus
from the Sun; because Veaus 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 contrary way, from west
to east.® ’ )

-

* "This has been already taken notice of in § 432; but L
shall bere endeavour to explain it more at large, together
;ivith some of the following part of the doctor's essay, by a

re.
Piate g}xn Fig. 1, of Plate XV, let C be the centre of the Earth,
;f_v’ and Z the centre of the Sun. In the right line Cv Z, make
I yZto CZas 72518 10 1015 (§ 420). Let acbd be the
"Earth, v Venus’s place in her orbit at the time of her con.
junction with the Sun; and Jet TSI be the Sun, whose
diameter {s 317 427, -

The motionof Veaus in her orbit is in the direction Nv n,
and the Earth's motion on its axis is, according to the order
of the 24 hours, placed around it in the figure. Therefore,
‘supposing the mouth of the Ganges to be at G, when Venus
s at £ in her'arbit, and to be carried from G to g by the
Earth’s metion on its axis, whilst Venus moves from E to ¢
_in her orbit; it is plain, that the motions of Venus and the
Ganges are contrary to each other. _

The true motion of Venus in her orbit, and consequently .
.the spacg she seers to run over on the Sun’s dise in am
given time, could be seen only from the Earth’s centre €,
"which is at rest with respect to its surface. And as seen
from C, her path on the Sun would be in the right line
't U; and her motion therein at the rate of four minutes
of a degree in an hour.  T"is the point of the Sun’s eastern
limb, which Venus scems to touch at the moment of her
total ingress on the Sun, as seen from C, when Venus is.at
£ in her orbit ; and {7 18 the point of the Sun’s western limb,

which ghe seems to touch at the moment of her begioning
L
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440. Supposing the Sun’s parallax’ (as we Have ' CHAP:

said) to be 125" the parallax of Venus will be 4g+; **1

“of eyress from the Sun, as s¢en from C; when she is at e in
her orbit

When the mowth .of the Ganges is at m (in revolving
through the arc Gmg) the Sun is on its meridian.  There.
fore, since G and ? are équally distant from m at the begin.
ming and ending of the transit, it is plain that the Sun will

. be ax far cast of the meridian of the Ganges (at G} when
the transit begins, as it will be west of the meridian of the
same place {revolved from G to g‘) when the transit ends,

But although the beginning of the. transit, or rather the
moment of Venus’s total ingress upon the Sun at 7, a3 geen
from the Earth’s centre,. must be when Venus-is at E in her
orbit, because she is then scen in the direction of the right
line CE T'; yet at the same instant of time, a8 seen from
the Ganges at G, she will be short of her ingress on thie Sun,
being then seen eastward of him,. in the right line G E K,
wlnci makes the angle K &7 (equal to the opposite angle -
G £ C)y with the right line € £74. This aogle 1% called the
angle of Venus’s parallix from the Sun, which retards the
beginning of the transit as scen from the banks of the
Ganges ; sa that the Ganges G, must advance a little farther
towards m, and Venus raust move on in her orbit from Eto R,
before she cun be seen from G (in the right line GRT)
whaolly within the Sun’s dise at ¥,

When Venus camés to ¢ in her orbit,. she will appear at
U, as seen from the Earth's centre C, just beginning to leave
the Sun; that is, at the beginning of her egress from his
western limb : but at the same instant of time, as seen from
the Ganges, which is then at g she will be guite clear of
the Sun towards the west'; being then seen from g in the
right lineg ¢ L, which makes an angle, as /e L (equal to
the opposite angle Ceg) with theright line Ce U: and this
is the angle of Venus's parallax from the Sua as seen from
the (3anges at g, when she i3 but just beginning to leave the
Sun at-l/, as scen fram the Karth's centre C. _

Here it is plain, that the duration of the transit about the
mouth of the Ganges (and also in the neighbouring places)
will be diminished by abont double the quantity of Venus’e
parallax from the Sun at the beginning and ending of the
transit. For Venus must be at £ in her orbit when she i
wholly upan the Sun at 7, as seen from the Earth’s centre
C: but at that time she is short of the Sun ae seen from

Pol. 11,
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cHar. from which subtracting the parallax of the Sun,
SN there will remain 307 at least for the horizontal
- “paratlax of Venus from the Sun; and therefore
the motion of Venus will be increased 45" at

least by that parallax, whilst she passes over the

Sun’s disc, in those elevations of the pole which

are in places near the tropic, and yet more in

the neighbourhoed 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 457, or three fourths

of a minute of a degree; and by this space of

time, the duration of this eclipse caused by Venus

will, on account of the parallax, be shortened.

And from this shortening of the time only, we

might safely enough draw a conclusion concern.

ing the parallax which we are in search of, pro.

vided the diameter of the Sun, and the latitude

the Ganges at G, by the whole quantity of her eastern pa.
rallax fmg:d\e Sun ya-t that time, wh.ichyil the angle K EPT.
['This angle, in fact, is only 237; though it is represented
much lar{:r in the figure, because the Earth therein is a vast
deal too big.] Now, as Venus moves at the rate of 4'in
an hour, she will move 237 lo 5 minutes 45 seconds: and,
therefore, the transit will bé 5 minutes 45 seconds later of
beginning 2t the banks of the Ganges than at the Eanth’s
centre.  When the transit is ending at U, as seen from the
Earth’s centre at €, Venus will be quite clear of the Sun
(by the whole quantity of her western paralfax from him
asseen from the Ganges, which is then at g: and this paral-
hx will be 227, equal 10 the space through whick Venup
moves in 5 minutes 30 seconds of time: so that the transtt
will end 5§ minutes sooner as seen from the Ganges, than ag
seen from the Earth’s centre.

Hence the whole eontraction of the duration of the transit
at-the mouth of the Ganges will be 11 minutes 15 seconds
of time : for it is & minutea 45 seconds at the begioning, and
& minutes 30 seconds &t the end.
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of Venus, were accurately known. But we can- cuap.
not expect an exact computation in a matter of XXk
such subtility, =

441. We must endeavour therefore to obtain, if
possible, another observation, to be taken in
those places where Venus will be in the middle
of the Sun’s disc at midnight ; that is, in places
under the opposite meridian to the former, or
about six hours or ninety degrees west of Lon-
don; and where Venus enters upon the Sun a
little before its setting, and goes off a little after
its rising. And this will happen under the above-
mentioned meridian, and where the elevation of
the north pole is about 56 degrees; that is, in a
part of Hudsons Bay, near a place called Port.
Nelson. For, in this and the adjacent places,
the parallax of Venus whl! increase the duration
of the transit by at least six wminutes of time;
because, whilst the Sun, from its setting to its
rising, seems to pass under the pcle, those places
en the Earth’s disc will be carried with 2 motion
from east to west, contrary to the motion of the
Ganges ; thatis, with 2 motion conspiring with
the motion of Venus; and therefore Venus will
seem to move more slowly on the Sun, and to be
longer in passing over his disc.?

# 1n Fig. 1, of Plate XV, Iet a C be the meridian of theprare
-eastern mouth of the Ganges ; and & C the meridian of Port- XV, Fig. 3
Nelson at the mouth of York River in Hudsons Bay, s6°
north latitude. As the meridian of the Gauges revolvey
from o to ¢, the meridian of Port-Nelson will revolve from
b to d: therefere, whilst the Ganges revolves from Gto g,
through the arc Gmg, Post-Nelson revolves the contrary
way {as scen from the Sun or Venus} from P to p through
the arc Pnp. Now, as the motion of Venus is from E to
e in her orbit, while she seems to pass over the Sun’s disc in
she right Live T4 U, a5 seen fmmg:e Earth’s cengre O it in

2
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449, If therefore,itshouldhappenthat this transit
should be properly observed by skilful persons at
both these places, it is clear, that the duration
thereof will be 1’7 minutes longer, as seen from
Port-Nelson, than as seen from the East Indies.
Nor is it of much consequence {if the English
shall at that time give any attention to this affair)
whether the observation be made at Fort.George,
commonly called Madras, or at Bencoolen on
the western shore of the island of Sumatra, near
the equator, But if the French should be dis-
posed to take any pains hercin, an observer may
station himself conveniently encugh at Pondi-

plair, that whilst the motion of the Ganges is contrary te
the motion of Venus in ber ofbit, and thereby shortens the
duration of the transit at that place, the motion of Port.
Nelson is the same way as the motion of Venus, and wilf,
therefore, increase the duration of the transit: which may
in some degree be ilfustrated by supposing, that whilst a
abip is under sail, if two birds fly along the side of the ship
in contrary directions to euch other, the bird which fies
contrary to the motion of the ship will pass by it sooner
than the bird will, which flies the same way that the ship
moves.

In fine, it is plain by the figure, that the duration of the
transit roust be longer as seen %:om Port.Nelson, than as scen
from the Earth’s centre; and longer as seen from the Earth’s
centre, than as scen from the mouth of the Ganges. For
Port Nelson must be at P, and Venus at & in her orbit,
awhen she appears wholly within the Sun at T and the same
glace must be at p, and Venus at #, when she appears at I,

eginning to leave the Sun., The Ganges must be at G,
and Venus at £, wheo shie is seen from & upon the Sun ag
T'; aud the same place must be at g, and Venus at r, when -
she begins to leave the Sun at U, as seen from g. So that
Venus must move from & to » in her orbit, whilst she is seen
to pass over the Sun from Port-Nelson; from E to e in
passing over the Sun, as seen from the Earth’s centre ; and
only from R ta r whilst she passes over the Sun, as seen frarg,
the banks of the Ganges. :
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<cherry on the west shore of the bay of Bengal, cuar.

where the altitude of the pole is about twelve de.

rees. As to the Dutch, their celebrated mart
at Batavia will afford them a place of observation
fit enough for this purpose, provided they also
have but a disposition to assist in advancing, in
this particular, the knowledge of the heavens.
And indeed I could wish that many observations
of the same phenomenon might be taken by dif-
ferent persons at several places, both that we
might arrive at a greater degree of certainty by
their agreement, and also lest any single observer
should be deprived, by the intervention of clouds,
of a sight, which [ know not whether any man
living in this or the next age will ever see 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 earnestly
wish them all imaginable success; in the first
place that they may not, by the unseasonable
obscurity of a cloudy sky, be deprived of this
most desirable sight ; and then, that having as-
certamed with more exactness the magnitudes of
the planetary orbits, it may redound to their im-
raortal fame and glory.

. 443, We have now shewn, that by this methed
the San’s parallax may be investigated to within its
&ve hundredth part, which doubtless will appear.

-wonderful to some. But if an accurate observa-
tion be made in each of the places above marked
sut, we have already dexrmn;:tmted that the dura-

3

XXt
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cuap. tions of this eclipse made by Venus, will differ

XXHL  from each other by 17 minutes of time; that is,

“=v=— upon a supposition that the Sun’s parallax is 122",
But if the difference shall be found by observa-

tion to be greater or less, the Sun’s parallax will
be greater or less, nearly in the saime proportion.
And since 17 minutes of time are answerable to
125 seconds of solar parallax, for every second.
of parallax there will arise a difference of more
than 80 seconds of time; whence, if we have
this difference true ta two seconds, it will be
certain what the Sun’s parallax is, to within a
40" part of one second ; and therefore his dis-
tance will be determined to within its 500™ part
at least, if the parallax be not found less than
what we have supposed : for 40 times 12% make
500.

444, And nowIthmkIhave explzunedthls matter
fully, and even more than I needed to have done,
to those who understand 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 in-
tricate calculation, which would render the con-
clusion less evident ; and also because the motion
of the nodes of Venus is not yet dlscovered, nor
can be determined but by such conjunctigns of
the planet with the Sud as this is. For we con-
clude that Venus will pass four minutes below
the Sun’s centre, only in consequence of the
supposition that the plane of Venus’s orbit is im-
moveable in the sphere of the fixed stars, and
that its nodes remain in the same places where
the{l were found in the year 1639, But if Venus,

e year 1761, should move over the Sun in
a path more to the sonth, it will be manifest that
"her nodes have moved backward among the fixed
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stars; ‘and if more to the riorth, that they have caap.
moved forward ; and that at the rate of 5% mi. XXt
nutes of a degree in 100 Juhan years, for every
minute that Venus’s path shall 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 177 minutes of time, on account of Venus’s
south latitude ; but greater, if by the motion of
the nodés forward she should pass on the north
of the Sun’s centre. _ _ o
But for the sake of those, who, theugh they
are delighted with sydereal observations, ma
pot yet have made themselves acquainted wit
the !octrine of parallaxes, I choose to explain the
thing a little more fully by a seheme, and also by
a calculation somewhat more accurate, 3
445. Let us suppose that at London, in the yegr
1761, on the 6 of June, at 55 minutes after V
in the morning, the Sun will be in Gemini 15*
87, and thercfore that at its centre the eliptic is
inclined toward the north, in an angle of 6° 10t
and that the visible path of Venus on the Sun’s
disc at that time deeclines to the south, making
‘an angle with the ecliptic of 8° 28": then the
path of Venus will also be inclined to the south,
with respect to the equator, intersecting the pa-
rallels of declination at an- angle of 2° 1& 1.

L S DL

? [This was an oversight ia the doctor, occasioned by his
placing both the Earth’s axiz B C g (Pig. 2, of Plate XV ), Prarx
and the axis of Venus's orbit € A on the same side of the XV, Fig- 2
axis of the echiptic CK;. the former making an angle of
G 10 $herewith, and the Jajter an angle of §° 28 ; the dif.
ference of which angles is only 2° 18, But the truth is,
.zhat the Earth’ axps, gnd the akis of, Venus's orbit, will
shem lic on different sides of the axis of the acliptic, the
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Let us also suppose, that Venus, at the fora.
mentioned time, will be at her least distance
from the Sun’s centre, viz. only four minutes
to the south ; and that every hour she will de-
scribe a space of four minutes on the Sun, with
a retrograde motion. The Sun’s semidiameter
will be 15" 51" nearly, and that of Venus 877"
And let us suppose, for trial’s sake, that the dif
ference of the horizontal parallaxes of Venus
with the Sun (which we want) is 21", such as it
comes out if the Sun's parallax be suppesed 123,

Puatexv, Then, on the centre C (Plgte XV, Fig. 2), let

Fig. 2.

the Iutle circle 4 B, representing the Farth’s
disc, be described, and let its semidiameter C B
be 317; and let the elliptic parallels of 22 and
56 degrees of north latitude (for the Ganges and
Port-Nelson) be drawn within it, in the manner

- pow .used by astronamers for constructing solar

gclipses. lLet B (g be the meridian in which
the Sun is, and to this, let the right line F H G,
representing the path eof Venws, be inclined at
an angle of 2° 18'; and let it be distant from the
centrg § 240 sych parts, whereof C B is 31.
From C et fall the right line € H, perpendicular
to FG; and suppose Venus to be at H at 55
minutes after V in the morning. Let the righf
line FHG be divided into the horary spaces
HLIV, IV V, V VI, &c. each equal to C H;
that is, to four minutes of a degree. Also, let
the right line L 3 be-equal 1 t%le difference of
the apparent semidiameters of the Sun and Venus,

-formes making an angle of 67 therewith, and the Laver =
-mngle of 537 Therefore, the sum of these angles, whick is
- 144" {and not -their difference 2°18') is the inclination of

Venus’s visible path 1o the equatoy and paralfels of declina-

“tione



of the Planets from the Sun. 78

which is 15 18{”; and a circle being described cuav.
with the radius L M, on 2 ceotre taken in any XXl
paint within the little circle 4 B representing the
Earth’s dise, will meet the right line 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 Earth’s disc. And if 2
gircle be described on the centre €, with the
radius L M, it will meet the right line FG, in
the poims F and G ; and the spaces F 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 in two hours 15 minutes, and G in nine hours
35 minutes in the morning. Whence it is mani-
fest, that if the magnitude .of the Earth, on ac-
gount of its immense distance, should vanish as
it were into-a point; or, if being deprived of a
diurnal motien, it should always have the Sum
vertical to the same point £'3 the whole duration
of this eclipse would be seven hours 20 minutes.
~ But the Earth in that time being whirled through
110 degrees of longitude, with a motion con-
trary to the motion of Venus, and consequentl
the above-mentioned duration being contracted,
suppose 12 minutes, it will come out seven hours
eight minutes, gr 107 degrees, nearly.

446. Now, Venus will be at H, at her least dis-
tance from the Sun’s centre, when in the meridian
of the eastern mouth of the Ganges, where the
altitude of the pole is about 22 degrees. The
Sun therefore will be equally distant from the
meridian of that place, at the moments of the
Ingress and egress of the planet, viz. 535 degrees;
s the points @ and & (representing that place in
the Farth’s disc 4 B) are, in the greater parallel,



74 The Method of finding the Distances

cuar. from the meridian B Cg. But the diameter e f

ST of that parallel will be to the distance a &, as the
square of the radius to the rectangle under the
sines of 83% and 68 degrees; thatis, as I’ 2" to
46" 13", And by a good calculation (which,
that I may not tire the reader, it is better to
omit), I find, that a circle described on a as a
centre, with the radius L M, will meet the right
¥ne F H in the point M, at two hours 20 minutes
40 seconds ; but that being described round 5 as.
2 centre, it will meet A G m the point ¥V at nine
hours 29 minutes 22 seconds, according to the
time reckoned at London ; and therefore, Venus.
will be seen entirely within the Sun at the banks
of the Ganges for 7 hours 8 minutes 42
seconds : we have then rightly supposed, that the
duration will be 7 hours 8 minutes, since the
part of a minute here js of no consequence.
~ But adapting the caleulation to Port-Nelson,
1 find, that the Sun being about to set, Venus
will enter his disc; and immediately after his
rising she will leave the same. That place is
earried in the intermediate time through the
hemisphere opposite to the Sun, from ¢ to d,
with 2 motion conspiring with the motion of
Venys ; and therefore, the stay of Venus on the
Sun will be about 4 minutes longer, on ac-
count of the parallax ; so that it will be at least
7 hours 24 minutes, or 111 degrees of the
equator. And since the latitude oFTthe place is
56 degrees as the square of the radius is to the
rectangle contained under the sines of 555 and 34
degrees, so is 4 B, which is 1" 2%, to ¢ d, which
is 28" 33", And'if the calculation be justly
made, it will appedr, that a circle described on ¢
28 a centre, with the radivs L M, will meet the
right line Hin O, at 2 hours 12 minutes 45
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seconds 3 and that such a circle, described on d cuap.
as a centre, will meet HG in P, at 9 hours XXiiL
86 minutes 87 seconds ; and therefore the dura. ™
tiohi at Port-Nelson will be 7 hours 33 minutes

52 seconds, which is greater than at ‘the mouth

of the Ganges, by 15 minutes 10 seconds of

time, - But if Venus should pass over the Sun
without having any latitude, the difference would

be 18 minutes 40 seconds; and if she should

pass 4/ north of the Sun’s centre, the difference

would amount to 21 minutes 40 seconds, and

will be still greater, if the planet’s north latitude.

be more increased. .

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

448, Itlikewisefollows,fromthe same hypothesis,
that the centre of Venus should’ just touch the
Bun's northern limb in the year 1769, onthe
84 of June, at 11 o’clock at night. .So that, on
account of the parallax, it will appear in the
northern parts of Dlorway, entirely within the
Sun, which then does not set.to those parts;
whilst, on the c¢oasts 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 islands, and in. their neighbour.
hood. Butif the nodes of Venus be found. to
have a retrograde motion (as there. is some rea-
son to beliéve, from some later observations, they-
have) then Venus. will be seen everywhere within
the Sun’s disc; and will :afferd a ‘much better
method for finding the Sun’s parallax, by almost
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cuar. the greatest difference in the duration of these
XXHL  eclipses that can possibly happen.

But how this parallax may be deduced. from
observations made somewhere in the East Indies,
in the year 1741, both of the ingress and egress
of Venus, and compared with those made m its
going off with us ; namely, by applying the angles
of a triangle given in specie to the circumference
of three equal circles ; shall be explamed on some
sther accasion. : '

ARTICLE IV,

Shewing that the whole method propesed by the
Doctor cannot be put in practice, and why.

Remarks  #49. In the above dissertation, the doctor has
ouDr. rabexplained bds method with great modesty, and
ey Dt~ oven with some doubtfulness with regard to its
full success. For he tells us, that the Sun’s pa-

_ rallax may only be determined within its five
hundredth part thereby, provided it be not less

than 12"; that there may be a good observation

made at Port-Nelson, as welt as about the banks

of the Ganges; .and that Venus does not pasa

more than four minutes of a degree below. the

centre of the Sun's disc. He has taken all proper

pains not to raise our expectations too high, and

yet, from his well known abilities and character

4s a great astronomer, it seems mankind in- ge-

neral have laid ter stress upon his method,

than he ever destred them to do... Only, as he

was convinced it was the best method by which

this important problem. can ever be solved, he.
recommended it warmly for that reason. He

bad not then made a sufident number of ob.
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servations, whereby to determine, with certainty,
whether the nodes of Venus’s orbit have any
motion at all; er 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 obliged to calculate from the
best that he could find. But those tables allow
of no motion to Venus’s nodes, and also reckon
her conjunction with the Sun to be about half an
hour too late.

450. But more modern observatmns prove,
that the nodes of Venus’s orbit have a motion,
backward, 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 so much farther past her descending node at
the time of this transit, than she was past her
ascending node at her transit in November 1639,
that instead of passin»g only four minutes of a
degree below the Sun’s centre in this, she wili
pass almost 10 minutes of a degree below it:
which account, the line of her transit will be so
much shortened, as will make her passage over
the <un’s dis¢ about an hour and 20 minutes less
than if she passed only 4 minutes below the
Sun’s centre, at the middle of her transit.  And,
therefore, her parallax from the Sun will be so
much diminished, both at the beginning and end of
her transit, and at all places from which the whole
of it will be seen, that the difference of its dura-
tions, as seen from them, and as supposed to be
seen from the Earth’s centre, will not amount to
11 minutes of time. _

451. But this is not all: for although the
gransit will begin before the Sun sets to Port-

CHAP.
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Nelson, it will be quite over before he rises -to
that place next morning, on account of its end.
ing so much sogner ‘tham as given by the tables
to which the doctor was obliged to trust. So
that we are quite deprived of the advanrage that
otherwise would have arisen from observations
made at Port-Nelson, :
452. In order to trace this affair through all ite
intricacies, and to render it as intelligible to the
reader as I can, there will be an unavoidable ne-
cessity of dwelling much longer upon it than I
could otherwise wish. ~ And as it is 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 be projected in
such a sort of diairam 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 doctor did not quite trust without making
some calculations ; I shall take a different 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 quan-
tity of Venus's parallax from the Sun upen it,
both in longitude and latitude, to the fourth part
of a second, for any given time and place ; and
then, by an easy calculation in the common 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
81", And after projecting the transit, so as to
find the total effect of the parallax upon its dura-
tion, I sball next shew how nearly the Sun’s rea
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parallax may be found from the cbserved inter. crae.
vals between the times of Venus’s egress from, **™
the Sun, at particular places of the Earth ; which

is the method now taken both by the knglish and
French astronomers, and is a surer way whereby

to come at the real quantity of the Sun’s parallax,

than by observing how much the whole contrac-

tion of duration of the transit is, either at Bena
coolen, Batavia, or Pondicherry.

ARTICLE V.

Shewing how to project the transit of Penus on
the Sun’s disc, as seen from different places of
the Earth; so as to find what its visible dura-
tion must be at auy given place, according to
any assumed parallax of the Sun; and from
the observed intervals between the dmes of
Venus's egress from the Sun at purticular
places, to find the Sun’s true horizontal pa-
rallaz.

- )
. 458. The elements for this projection are 25 Klmenteal
follow.— o Vs

I. The true time of conjunction of the Sun and
Venus; which, as sern from the Earth’s centre,
and reckoned according to the equal time at
London, is on the 6™ of June 1761, at 46 mi-
nutes 17 seconds sfter V in the morning, ac-
cording to Dr Halley’s tables,

IL. The geocentric latitude of Venus at that tme,
9' 43y south.

III. The Sun’s semidizameter, 15 50",

IV. The semidiameter of Venus (from the Doc-
tor’s Dissertation) 87", .
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%!&l;- V. The difference of the semidiameters of the
. . Sun and Venus 15" 121",

VI Their sum, 16’ 274"

VIL The visible angle which the transit.line makes
with the ecliptic, 8¢ 31’; the angular point
{or descending node) being 1° 6" 18” eastward
from the Sun, as seen from the Farth; the
descending node being in 4 14° 29 37/,
as seen from the Sun; and the Sun in

v X 15° 35 557 as seen from the Earth.

ViII. The angle which the axis of Venus’s vi-
sible path makes with the axis of the ecliptic,
8° 81’; the southern half of that axis being
on the left hand (or eastward) of the axis of
the ecliptic, as seen from the northern hemi.
sphere of the Earth, which would be to the
right hand, as seen from the Sun. :

IX.-The angle which the Earth’s axis makes
with the axis of the ecliptic, as' seen from the
Sun, 6°; thesouthern half of the Earth’s axis
lying to the right hand of the axis of the
ecliptic, in the projection ; which would be to
the left hand as seen from the Sun.

X. The angle which the Earth’s axis makes witit
the axis of Venus’s visible path, 14° 31'; viz.
the sum of N° VIII and IX.

X1. The true motion of Venuson the Sun, given
by the tables as if it were seen from the Earth’s
centre, 4 minutes of a degree in 60 minutes
of ime,

Method of 354 These elements being collected; make a
projecting scale of any convenient length, as that of Fig. 1,
e in Plate. XVI, and divide it into 17 equal parts,
xvl,  each whereof shall be taken for a mimute of a
Fig- & degree ; then, divide the minute next to the lefs
hand into 60 equal parts for seconds, by diago-
nal lines, as in the figure. The reason for di-
viding the scale into 17 parts or minutes is, be.

-
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cause the sum of the semidiameters of the Sun cHar.
and Venus exceeds 16 minutes of a degreg.— **!i:
See N° V1. . : - Muethod of
455. Draw the right line 4 CG (Fig. 2) for proiccing
a small part of the ecliptic, and perpendicular Prars
thereto draw the right line Cv £ for the axis of 3%
the ecliptic on the southern half of the sun’s dise. ©
456, Take the Sun’s semidiameter, 15 507,
from the scale with your compasses; and with
that extent, as a radius, set one foot in € as a
centre, and describe the semicircle 4 E G for
the southern half of the Sug’s disc; because the
transit is on that half of the Sun. -
457. Take the geocentric latitude of Venus,
9’ 43, from the scale with your compasses ; and
set that extent from Cto v, on the axis of the
ecliptic : and the point v shall be the place of
Venus's centre on the Sun, at the tabular mo-
ment of her conjunction with the Sun.
458, Draw the right line € B D, making an
angle of 8° 31’ with the axis of the ecliptic, to-
wards 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 v, in
the axis of the ecliptic, draw the right line g¢r
for the geocentric visiblé path of Venus over the
Sun’s disc, at right angles to € B U the axis of
her orbit, which axis will divide the line of her
path into two equal parts ¢¢ and ¢r.
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¢r. The equal spaces, from mark to
mark, shew how much of that line Venus moves
through jn each hour, as seen. from the Earth's
- centre, during her continuance on the Sun’s dises
Vol.-11. ¥



CHAP,
XX,

83 The Method of finding the Distances

461, Divide each of these horary spaces, from.
mark to mark, into 60 equal parts for minutes

Mehod of Of time ; and set the hours to the proper marks
projecting in such a manner, that the true time of conjunc-

transigs,
PraTe
XV

Fig. 2.

tion 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 eclip-

tic. So the point v shall denote the place of
Venus's centre on the San, at the instant of her
ecliptical conjunction with the Sun, and ¢ (in the
axis C¢D of her orbit) will be the middle of
her transit; which is at 24 minutes after Vin
the morning, as seen from the Earth’s ceniye,
and reckoned by the equal timé at London.

462, Take the difference of the semidiameters
of the Sun and Venus, 15 12+, in your com-
passes from the scale; and with that extent, set.
ting one foot in the Sun’s centre €, describe the
arcs N and 7' with the other, crossing the tran-
sit-line in the points 4 and I; which are the
points on the Sun’s disc that are hid by the
centre of Venus at the moments of her two in-
ternal contacts with the Sun’s imb 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
1 in the morning, as reckoned at London ; and
the latter is the smoment when her egress from
the Sun begins, as seen from the Earth'’s centre,
which is 20 minutes after VIII in the morning at
London. The interval between these two con-
tatts is 5 hours 52 minutes, ,

463. The centralingress of Venus on the Sun
is the moment when her centre is on the Sun's
eastern limb at u, which is at 15 minutes after 1I
m the morning ; and her central egress from the
Sun is the momentwhen her centre is on the Sun's
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western limb at 2 ; which is at 33 minutes after CHaP,
Vill in the morning, as seen from the Earth's, XXib.
centre, and reckoned aceording to the time at Method of
London. The interval between these times is 6 f:;lfﬁ:"s
hours 18 minutes. Pratz
- 464, Take the sum of the semidiameters of the X xv:
Sun and Venus, 16’ 274", in your compasseé
from the scale ; and with that extent, setting dne
foot in the Suns centre €, 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
space (clear of the Sun) where the centre of
Venus is, at the moments of her two external
contacts with the Sun’s imb at § and #7; or
the moments of the beginning and ending of the
transit, 23 seen from the Earth’s centre; the
former of which is at 8 minutes after II in the
morning at London, and the latter at 45 minutes
after VIII. The interval between these moments
is 6 hours 42 minutes.

463, Take the semidiameter of Venus 873, in
your compasses from the scale ; and with that
extent as a radius, on the points g,4,¢,/,7, as cen-
tres, describe the circles HS, M1, 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 of her transit, her beginning of egress
at N, and her last contact at /7.

466. Those who have a mind to project the
Earth’s disc on the Sun, round the centre ¢, and
to lay down the parallels of latitude and situations
of places thereon, according to Dr. Halley's me-
thod, may draw Cf for the axis of the earth,
produced to the southern edge of the Sun at f}
and making an angle £Cf of 6° with the axis
of the ectiptic € E: but he will find it very dit-
ficult and uncertain to mark the places on that

¥a
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cHAP. disc, unless he makes the Sun's semidiameter
XXM, £ ¢ 15 inches at least : otherwise the line Cf is
Method of of no use at all in this projection. The follow-

projecting

trapnits,
Prare
XVI,

Fig. 3.

ing method is better.

467. In Fig. 3, of Plate XV], make the lines
A B of any convenient length, and divide it into
81 equal parts, each whereof shall be taken for
a second of Venus's parallax either from or up-
on the Sun (her horizontal parallax from the
Sun being supposed to be 317); and taking the
whole length 4 B in your compasses, set one
foot in ¢ (Fig. 4) as a centre, and describe the
circle A & B3 D forthe Earth's enlightened disc,
whose diameter is 62, or double the horizontal
parallax of Venus from the Sun. In this disc,
draw .4 € B for a small part of the ecliptic, and
at right angles thereto draw ‘E CD for the axis
of the ecliptic. Draw also NCJ§ both for the

- Earth’s ax1s and universal solar meridian, mak-

ing an angle of 6° with the axis of the ecliptic,
as scen from the Sun; HC T for the axis of
Venus’s orbit, making an angle of 8° 81" with
E €D, the axis of the ecliptic ; and lastly, YCO.
for a small part of Venus's orbit, at right angles
to its axis. S

468. This figure represents the Earth's en-
lightened disc, as seen from the Sun at the ime
of the transit.  The parallels of latitude of Lon-
don, the eastern mouth of the Ganges, Bencoo-
len, and the isiand of S'. Helena, are laid down
in it, in the same manner as they would appear
to an observer on the Sun, if they were really
drawn in circles on the Earth’s surface (like those
on a common terrestrisl globe), and could be
visible at such a distance. The method of deli-
neating these paraliels is the same as already de-
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scribed in the 19™ Chapter, for the canstruction CHAP.
of solar eclipses. ¥ XL
- 469. The points where the curve.lines (called Mewhad of
hour circles) XI N, X N, &c. cut the parallelsProicing
of latitude, or pathw of the four places abovePiara
mentioned, are the points at which the places:¥",
themselves would appear in the disc, as seenfrom
the Sun, at these hours: respectively. When
either place comes to the solar,meridian NCS§
by the Earth’s rotation on its axis, it is noon at
that place ; and the difference, in absolute time,
between thé noon at that place and the noon at
any other place, is in proportion to the difference
of longitude of these two places, reckoning one
hour for every 15 degrees of longitude, and 4
minutes for each degree : adding the time if the
longitude be east, but subtracting it if the longi-
tude be west.
470. The distance of either of these places from
HC1I,  the axis of Venus's orbit at any hour
or part of an hour, being measured upon the
scale 4 B in Fig. 3, will be equal to Venus’s
parallax in longitude; either on or from the
Sun ; and this parallax, being always contrary to
the positon of the place, is eastward as long as
the place keeps on the left hand of the axis of
the ecliptic, as seen from the Sun; and west-
ward when the place gets to the right hand of
the axis of the ecliptic. Se that, to ail the places
which are posited in the hemisphere FI 271 of
the disc, at any given time, Venus hasan eastern
parallax of iongitude; but when the Earth’s di.
urnal motion carries the same places into the he-
misphere H O 1, the parallax of Venus is west.
ward.
471. When Venus has a parallax toward the
east, as seen from any given place on the Eanth's
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CHAP, surface, cither - at the time of iu}' mt:IIilngE:ﬁ hnr
i -, begi egress, as zeen from the Farth'’s
Methed of CETE } Eﬂd the time answering to this parallax
pereing to the time of ingress or egress at the Earth's
Puite  centre, and the sum will be the time thereof, as
Tig.s Seen from the given place on the Earth's surface ;

but when the parallax is westward, subtract the
time i rhrﬂafnmtheﬁmeui;_mn}:;;
or beginning of egress as geen from

E:h's tre, and thigremaindﬂ will be the
time as seén from the given place on the surface,
#0 far as it iy I-ﬁﬂﬂf' by this parallax.—The
reason of this is plain to every one who considers,
that an eastern parallax keeps the planet back,
and a western parallax carries it forward, with
respect to its true place or position, at any instant
of time, as scen from the 's centre.

472, The nearest distmce of any given
from FC0,the plane of Venus's orbit at any hour
or part of an hour, being measured on the scale
AB m FIE’. 3, will be equal to Venus's llax
in latitnde, which is northward from the true
line of her path on the Sun as seen from the
Earth's cenire, it‘ﬂ-:urgirm place be on the north
side of the plane of her orbit FC O on the
Farth’s disc ; and the contrary, if the given place
be on the north side of that plane; that is, the
parallax is always contrary to the sitwation of
the phce on the Eanth's disc, with respect 1o
the plane of Venus's orbit thereon,

473. As the line of Venus's transit is on the
southern hemisphere of the Sun’s disc, it is plain
that a northern parallax in her latitude will cause
her to describe a longer line on the Sun, than if
she had no such rﬁg:; uﬁ: southern paral-
lax in latitude will cause her to describe a shorter

line on the Sun, than if she had no such paral-
lax.—And the longer this line is, the sooner will
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her total ingress be, and the later will be her be. cuar.
ginning of egress; and just the contrary, if the XX
line be shorter.-—But, to afl places situated on pmehod of
“the north side of the plane ofP her orbit, in the projecting
hemisphere # H O, the parallax of latitude is pryex
south ; and to all places situated on the southXvi '
side of the plane of her orbit, in the hemisphere % *
V10, the parallax of latitude is north, There-
fore, the line of the transit will be shorter to all
places in the hemisphere 7" H 0, than it will be
as seen from the Earth’s centre, where there is
no parallax. at all ; -and longer to all placesin the
hemisphere 71 0. = So that the time answering
to this -parallax must be added to the time of
total ingress as seen from the Earth’s centre,and
subtracted from the beginning of egress 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 /" H O : and just
the reverse for places in the hemisphere 771 O,
It as proper to mention these circumstances, for
the reader’'s more easily conceiving the reason of
applying the thmies answering to the parallaxes of
longitude and latjtude in the subsequent part of
this article : for it is their sum in some cases,
and their differenee in others, which being ap-
plied to the titnes of total ingress and beginning
of egress as seen from the Earth's centre, that
will give the times thereof as seep from the given
places on the Farth's surface.
474, The arrglre which the Sun’s semidiameter
subtends, as seen frem the Earth, at all times of
the year, has beei so well ascertained by late ob-.
servations, that we can make no doubt of its
being 15 50" on the day of the transit; and Ve-
nug’s-latitude has also been so well ascertained at ,
many different times of late, that we have very
good reason to believe jt will be 9' 48" south of
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the Sun’s centre, at the time of her conjunction
with the Sun. If then, her semidiameter at that

Method of time be 375" (as mentioned by Dr, Halley), it

Projecting
srzmm.

1g1

Fig. 4.

Fig. 3,

appears by the projection (Fig. 2), that her total
ingress on the Sun as seen from the Earth’s
centre, will be at 98 minutes after ILin the morn-
ing (§ 462), and her beginning of egress from the
Sun will be 20 minutes after VIiI, 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 time.—But by pro-
jecting the situation of London on the Earth’s
dlsc (Fig. 4) for the time when the egress be-
gins, we find it will then be at /, as seen from
the Sun.

Draw !d parallel to Venus's orbit 77 0, and
and /u perpendicular to it the former is Ve-
nus's eastern parallax in longitude at her begin.
ning of egress, and the latter is her southern
parallax in latitude at that time.—Take these
In your compasses, and measure them on the
scale 4 B (Fig. 8) and you will find the paral-
lax in longitude to be 104, and the parallax in
latitude to be 2174,

476. As Venus's true motion on the Sun is at
the rate of 4 minutes of a degreee in 60 miriutes
of time, (see N*® 11 of § 458), say, as 4 minutes of
a degree is to 60 minutes of time, so is 103
of a degree to 2 minutes 41 seconds of tzme,
which being added to 8 hours 20 minutes, (be-
cause this parallax is eastward, § 471), gives 8
hours 22 minutes 41 seconds, for the beginning
of egress at London, as affected only by this pa-
rellax.——But, as Venus has a southern parallax

~ of latitude at that time, her beginning of egress

will be sooner; for this parallax shortens the
jine of her v1szble transit at Londen,
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As this parallax of latitude is' 213" south, CHAP.
add it to Venus’s latitude 9 437, and the sum '
will be 10 4%'; which is to be taken from Method of
the scale in Fig. 1, and set from Cto L in Fig. 2.P700%
And then, if a line be drawn parallel to ¢ {, it will Fig. a.
terminate at the point p in the arc 7, where Ve.
nus's centre will be at the beginning of her egress -
as seen from London. *—But as her centre is at /
when her egress begins as seen from the Earth’s
centre, take L p in your compasses, and setting
that extent from ¢ towards / on the central tran-
sit-line, you will find it to be 5 minutes shorter
than ¢{: therefore subtract 5 minutes from 8
hours 22 minutes 41 seconds, and there will re-
main 8 hours 17 minutes 41 seconds for the vis
sdible beginning of egress in the morning at Lon-

on,

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 paral- sig. o -
lax of longitude La is then 23”; by which,
working as above directed, we find the middle
of the transit, as seen from London, to be at §
hours 20 minutes 58 seconds. This is not af.
fected by the parallax of latitude L ¢~ But L
measures 277 on the scale 4 B (Fig. 8} ; there-rig. 5.
fore take 27" from the scale in Fig. 1, and set it
from ¢ to L, on the axis of Venus’s path in

* The reason why the line o Lp, aB&, cf, and ¢4,
which are the vimble transits a2t London, the Ganges mouth,
.‘Bencoolen, and §'. Helena, are not parallel to the central
transit-line k¢!, is, because the parallaxes in latitude are
different at the times of ingress and egress, as scen from
each of these places. The method of drawing these lines
ywill be shewn by and Ry, ' '
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Fig. 2, and laying a ruler to the point L, and
the above found point of egress p, draw o L p

Meboa offor the line of the transit as seen from London.

prosecting
it
Fg 4

478. The eastern mouth of the river Ganges is
89 degrees east from the meridian of London;
and therefore, when the time at London is 28
wminutes after 2 in the morning (§ 462), it is 24
minutes past 8 in the morning (by t 469), at the
mouth of the Ganges ; and when it is 20 minutes
past VIII in the morning at London (§ 462),itis
16 minutes past 11 in the afternoon at the Ganges.
Therefore, by projecting that place upon the
Earth’s disc, as seen from the Sun, it will be at
G (in Fig. 4) at the time of Venus's total in.
gress, as seen from the Earth's centre, and at g
when her egress begins.

Draw Ge and gr parallel to the orbit of
Venus 7€ 0, and measure them on the scale
A B in Fig. 8 the former will be 21”7 for Ve-
nus’s eastern parallax in longitude, at the above-
mentioned time of her total ingress, and the
fatter will be 167 for her western parallax
in longitude at the time when her egress be-
gins. The former parallax gives § minutes 15
seconds of time (by the analogy in § 476) to
be added to 8 liours 24 minutes, and the Jat-
ter parallax gives 4 minutes 11 seconds to be
sybtracted from 2 hours 16 minutes; by which
we have 8 hours 29 minytes 15 seconds, for the
time of total ingress as scen from the banks of
the Ganges, and 2 hours 11 minutes 49 seconds,
for the beginning of egress, as affected by thesg

. parallaxes.

Draw G f perpendicular to Venus's orbit,.
¥ 0O C, and by measurement on the scale 4 B
Fig. 8), it will be found to contain 10”; which
eing taken from the scale in Fig, 1, and set off
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southward from the point of total ingress 4 (Fig.2, cHar.
as seen from the Earth’s centre) parallel to the XX-
ayis of Venus's path, it will fall into the point Merhoa of
s onthe arc N’ Draw (¢, and taking the ex-Priciog
tent ¢¢ in your compasses, and applying it from rig, 4.
¢ towards 4, you will find it to fall a minyte short
of %k ; which shews, that Venus'’s parallax in lat-
tude shortens the beginning of the line of her
visible transit at the Ganges by one minute of
time. Therefore, as this makes the visible in.
gress a minute later, add one minute to the above
8 hours 29 minutes 15 seconds, and it will give
eight hours 80 minutes 15 seconds for the time
of total ingress in the morning, as seen from the
eastern mouth of the Ganges. At the beginning
of egress, the parallax of latitude g p is 23 (by
measurement of the scale .4 B) whichwill protract
she beginning of egress by about 30 seconds of
time, and must therefore be added to the above
2 hours 11 minutes 49 seconds, which will make
the visible beginning of egress to be at 2 hours
12 minutes 19 secends in the afternoon. _

479, Bencoolen is 102 degrees east from the
meridian of London ; and, therefore, when the
tine is 28 minutes past Il in the morning at
London, it is 16 minutes past IX in the morning
at Bencoolen; and when it is 20 minutes past
VIIL in the morning at London, it is 8 minutes
past III in the afternoon at Bencoolen. There-
fore, in Fig. 4, Bencoolen will be at B at the time
of Venus’s total ingress as seen from the Earth's
centre, and at 5 whepn her egress begina.

Draw Bi and & k parallel to Venus's orbit
# €0, and measure them on the scale: the
tormer will be found to be 22" for Venus's east-
ern parallax in longitude at the time of her total
jngress; and the lattey fo be 193" for her west.
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cHap; emn parallax in longitude when her egress begins,
. XXM a5 seen from the Earth’s centre. The first of
M.neg ofthese parallaxes gives 5 minutes 80 seconds (by
projecting the analogy in § 476) to be added to 9 hours 16

7 minutes, and the latter parallax gives 4 minutes
52 seconds to be subtracted from 3 hours 8 mi-
nutes ; whence we have g hours 21 minutes 80
seconds for the time of total ingress at Bencoo-
len: and 3 hours and 8 minutes 3 seconds for
the time when the egress begins there, as affected
by these two parallaxes. .

480. Draw B v and b m perpendicular to Ve
nus's orbit ¥ € O, and measure them on the
scale A4 B: the former will be 5” for Venus’s
northern parallax in latitude as seen from Ben-
coolen at the time of her total ingress; and the
latter will be 151" for her northern parallax in
latitude when her egress begins. Take these pa-
rallaxes from the scale in Fig. 1, in your com-
"passes, and set them off above the central transit.
fine perpendicular to the axis of Venus’s path;
the former from the left hand of 4 (Fig. 2) to
a in the arc N, and the latter from the right
hand of {to b in the arc T'; and draw a B ) for
the line of Venus's transit as seen from Bencoo-
len: the centre of Venus being at a, as seen
from Bencoolen, at the moment of her total in-
gress ; and at b at the moment when her egress
begins.

But as seen from the Earth’s centre, the cen-
tre of Venus is at % in the former case, and at /
in the latter ; so that we find the line of the transit
is longer as seen from Bencgolen than as seen -
from the Earth’s centre, which is the effect of
Venus’s northern parallax in latitude. Take Ba
In your compasses, and setting that” extent back-
ward from ¢ toward g, on the central transit-lige,

Fig. 4



of the Planets ﬁom the Sun, 93:

you will find it will reach two minutes beyond %- GHA
thereon : and takmg the extent 8 & in your com-
passes, and setting.it forward from ¢.towards Method of
w, on the central transit-line, it will be found Pricix
to reach 3 minutes beyond / thereon. .Conse- Fig4-
quently, if we subtract 2 minutes from 9 hours
21 minutes 80 seconds (above found), we have.
9 hours 19 minutes 30 seconds in the moraing,
for the time of total ingress:as seen from Ben-
cpolen ; and if we add 8 minutes to.the-above
found 3 hours 3 minutes 8 seconds, we shall
have 8 hours € minutes 8 seconds after noon,
for the time when the egress begms as seen from -
Bencoolen. :

481. The whole duration of the transat, from
total ingress to beginning of egress, as seen from"
the Earth’s centre, is 5 hours 52 minutes (by.
§,462); but the whole duration from total ingress
to beginning of egress, as seen from Bencoolen,
is only 5 hours 46 minutes’ 38 seconds ;. which
is 5 minutes 22 seconds less than as seen from
the Earth’s centre: and this 5 -minutes 22 se-
conds is the whole effect of the parallaxes (both
in longitude and latitude) on: the duration of the
transit at Bencoolen.

But the duration as seen at the mouth of the
Ganges, from ingress to egress, is still less ; for
it is only 5 hours 42 minutes 4 seconds : which is
9 minutes 56 seconds less than as seen from the
Earth’s cemtre, and 4 minutes 34 seconds less
than as seen at Bencoolen. -

482. The island of 5. Helena (to which only
a small part of the transit is visible at the end),
will be at H’ (as in Fig. 4) when the egress be-
gins as seen from the Earth’s centre. And since
the middle of that island is 6° ‘west from the me-
ridian of London, and the said egress begins

llI

3 1
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when the time at London is 20 minutes past VIl
in the morning, it will then be only 56 minutes

Methed of past VII in the morning at §'. Helena.

Projecting
transite.

Fig. 3.

Draw H'= parallel to Venus's orbit F'€Q,
and H' o perpendicular to it ; and by measuring
them on the scale 4 B (Fig. 3), the former will
be found to amount to 29" for Venus's eastern
parallax i longitude, as seen from S'. Helena,
when her egress begins, as seen from the Earth’s
centre ; and the latter to be &” for her northern
parallax m latitude at that time.

By the analogy in § 476, this paraliax of longi-
tude gives 10 minutes 2 seconds of time ; which
being added (on account of its being eastward)
to 7 hours 56 minutes, gives 8 hours 6 minutes
2 seconds for the beginning of egress at S'. He-
lena, as affected by this parallax. But 6" of pa.
rallax in latitude (applied as in the case of Ben-
coalen), lengthens out the end of the transit-line
by one minute ; which being added to 8 hours §
ranutes. 2 seconds, gives 8 hours 7 minutes 2
seconds, for the beginning of egress, as seen
from 5. Helena,

483, We shill now collect the above-mention- .
ed times into a small table, that they may be
seen at onge, as follows. A signifies morning,
A afternoon. '

" Total ingrens, | Beg. of egress, | DParaifon.
HeM, % M, Ma 5, [N M %
The Esrth’scenire 2 28 Ox|8 20 Om 5 - 52 0O¢F
fogdon .siu.... lnvisibkle w8 17 4imlem — —
At«¢ The Gangesmonth 8 30 1512 12 19a.l53 42 4
: 3 65 Bald 46 38
8

T 2ml— —

Bencoolen ...... G 19 30~
5. Helena ...... Invisibie

3 Thies duradom; as scen ffom the Earth’s centre, is on
suppasition thatthe semidiameter of Venus would be found
equal to 374, on the Sun’s diss, as stated by Dr. Halley
{see Art. V, § 453}, to which ai! the other durations aiv ac-
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. 484. The times at the three last-mentipned crap..
places are reduced fo the meridian of London, X*!*
by subtracting 5 hours 66 minutes from the time Medod of
of ingress and egresa at the Ganges; 6 hours 48 projecting
minutes from the times thereof at Bencoolens;
and adding 24 minutes to the time of beginning
- of egress at S'. Helena @ and being thus reduced,
they are as follows,—

Tata) ingress. | Beg, of-egress.

By M. 8. jH, M. 5.

Trmesat}ﬁaﬂges mouth.2 34 15w 8 1619 '}Dnraﬁons

foudon S Bencoolen .. 2 31 40w (B 18 Bm as above.

for )5 Helena .. JIovisible |8 3l 2w

485. Al this is on supposition, thar we have
the true longitudes of the three Jlast-mentioned
places, that the Sun’s Horizontal parallax, is 12+7
that the true latitude of Venus is given, and thag
her semidiameter will subtend an angle of 87;7
on the Sun’s disc. : -

As for the longitudes, we must suppose them
true, untl the observers ascertain them, which is
a very important part of their business; 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 de-
pendance to be had on this elapse, than upon the
whole contraction of duration at any given place,
as it will undoubtedly afford a surer basis for de-
termining the Sun’s paraliax.

commodated.—But, from later observations, it is highly pro-
bable, thay the semidiameter of Venus will be found not to
exceed 307 on the Sen : and if so, the duration between the
two internal contactsy as seen from the Earth’s centre, will
be 5 hours 58 minutes; and the durations, as seen from the
abave.méntioned places, will be lengthened very nearly in
¢ ke same proportion. o
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cHAP, - 486. I have good reason to believe, that the fa.

XXHL titude of Venus, as given in § 453, will be found

Method of Dy Observation to be very near the truth; bur

projectivg that the time of conjunetion there mentioned will

be found later than the true time by almost 5

minutes ; that Venus’s semidiameter will subtend

an angle of no more than 30" on the Sun’s disc ;

and that the middle of her transit, as seen from

the Earth’s centre, will be at 24 minutes after V

in the morning, as reckoned by the equal timeat-
London.

487, Subtract 8 hours 17 minutes 41 seconds,
the time when the egress begins at London, from
8 hours 81 minutes 2 seconds, the time reckon-
ed at London when the egress begins at 8% He-
lena, and there will yemain 18 minutes 21 se.
conds (or 801 seconds) for their difference, or
elapse, in absolute time, between the beginning
of egress as seen from these two places.

Divide this elapse of 801 seconds by the Sun’s
parallax 12%, and the quotient will be 64 se-
conds and a Small fraction. So that for each se-
cond of a degree in the Sun's horizontal parallax
(supposing it to be 124), there will be a differ-
ence or elapse of 64 secands of absolute time be-
tween the beginning of egress as seen from Lon-
don, and as seen from S'. Helena: and conse-
quently 82 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 paral-
lax; 8 seconds of time for the eighth part of a
second of the Sun’s parailax ; and full 4 seconds
for a sixteenth part of the Sun’s parallax.

For, in so small an angle as that of the Sun’s
parallax, the arc is not sensibly different from
either its sine or its tangent : and therefore, the
quantity of this parallax is in direct proportion to
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the absolute difference in the time of egress aris- cHae.
ing from it, at different parts of the Earth, xxm.,
488, Therefore, when this difference is ascer- mehod of
tained by good observations, made at different projcciiog
places, and compared together, the true quan.
tity of the Sun's parallax will be very nearly
determined. For, since it may be presumed
that the beginning of egress can be obsery-
ed within 2 seconds of its_real time, the Sun’s
parallax may be then found within the $2* part
of a second of its true quantity; and consequent-
ly his distance may be found within a 400" part
of the whole, provided his parallax be not less
than 122" ; for 82 times 12% is 400.
489. But since Dr. Halley has assured us, that
he had observed the two internal contacts of the
planet Mercury with the Sun’s edge so exactly,
as not to err one second in the time thereof, we
may well imagine that the internal contacts of
Venus with the Sun may be observed with as
great accuracy. So that we may hope to have
the absolute interval between the moments of her
beginning of egress, as seen from London and
from S'. Helena, true to a second of ime ; and
if so, the Sun’s parallax may be determined to
the 64™ part of a second, provided it be not less
than 12%"; and consequently his distance may
be found, within its 800™ part, for 64 times 12+
is 800 ; which is still nearer the truth than Dr.
Halley expected it might be found, by ohserving
the whole duration of the transit in the East In-
dies, and at Port-Nelson. So that our present
astronomers have judiciously resolved to improve
the Doctor’s method, by taking only the interval
between the zbsolute times of its ending at dif-
Vol 11.
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cHAP. ferent places. If the Sun’s parallax be greater
XXI or less than 121, the elapse or difference of ab-
Method of SOlUte time- between the beginning of egress at
projecting London and S'. Helena will be found by observ-
e ation to be greater or less than 801 seconds ac-
cordingly. '

490, There will also be a great difference be-
tween the absolute times of egress at S'. Helena
and the northern parts of Russta, which would
make these places very proper for observation.
The difference between them at Tobolsk in Sibe-
ria and at S% Helena will be 11 minutes, accord-
ing to De L'Isle’s map: at Archangel it will be but
about 40 seconds less than at Tobolsk; and only a
minute and a quarter less at Petersburgh, even if
the Sun’s parallax be no more than 103", 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 Yakoutsk in Si-
beria, the advantage would be still greater; for,
as M. De L’Isle very justly observes, in 2 memoir
presented to the French king with his map of the
transit, the difference of time between Venus's
egress from the Sun at Yakoutsk and at the Cape
of Good Hope will be 134 minutes.

491. This method requires that the longitude
of each place of observation be ascertained to the
greatest degree of nicety, and that each observ.
ers’s clock be exactly regulated to the equal time
at his place: for without these particulars it
'would be impossible for the observers to reduce
the times to those which are reckoned under any
given meridian ; and without reducing the ob-
served times of egress at different places to the
time at some given place, the absolute time that
elapses between the egress at one place and at
another could not be found. But the longitudes
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may be found, by observing the eclipses of Jupi- CHAP.
ter‘yé satellites ; a)rrld a true rgneridian, for, regulgt- *AUL
ing the clock, to the time at any place, may be Merhod of
had, by observing when any given star, withinFeong
20 or 30 degrees of the pole, is stationary, wit

regard to its azimuth, on the east 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 this case; for
whatever their diameters be, it will make no sen-

sible difference in the observed interval between

the same contact, as seen from different places.

492. In the geometrical construction of transits, Puare
the scale 4B may be divided into any giveng. 5.
number of equal parts, answering to any assum.
ed quantity of Venus’s horizontal parallax from
the Sun (which is always the difference between
the horizontal parallax of Venus and that of the
Sun), provided the whole length of the scale be
equal to the semidiameter of the Earth’s disc in
Fig. 4.—Thus, if we suppose Venus’s horizontal g, .
parallax from the Sun to be only 26" (instead of
81"}, in which case the Sun’s horizontal parallax
must be 10,3493, as in § 20, the rest of the pro.
jection will answer to that scale: as £ D, which
contains only 26 equal parts, is the same length
as A B, which contains 31. And by working
in zll other respectsas tau§ht from § 467 to § 453,
you will find the times of total ingress and be-
ginning of egress ; and, consequently, the dura.
tion of the transit at any given place, which must
result from such a parallax.

493, In projections of this kind, it may be easi-
1y conceived, that a right line passing continually
through the centre of Venus, 'End a given point

2
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cHAP. of the Earth, and produced to the Sun’s disc,
O il mark the path of Venus on the Sun as seen
Method of from the given point of the Earth; and in this
projecting’ there are three cases. 1, When the given point
is the Earth’s centre, at which there is no paral.
lax, either in longitude or latitude, 2, When
the given point is one of the poles, where there
is no paraliax of longitude; but 2 parallax of la.
titude, whose quantity is easily determined, by
letting fall a perpendicular from the pole upon
the plane of Venu#'s orbit, and setting off the
parallax of latitude on this perpendicular : and
here, the polar transit-lines will be parallel to the
central ; as the poles have no motion arising from
the Earth'sdiurnal rotation. 8, The last case is,
when the given point of the Earth is any point
of its surface, whose latitude is less than 90 de.
grees: then there is a parallax in latitude pro.
portional to the perpendicular let fall upon the
above-mentioned plane, from the given point; and
a parallax in longitude proportional to the perpen.
dicular let fall upon the axis of that plane, from
the said given point. And the effect 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-lme, unless when its axis
and the axis of the Earth coincide, as seen from
the Sun ; which is a thing that may not happen
in ‘many ages.
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ARTICLE V1.
Concerning the map of the transit.—Plate XVII,

494. The title of this map, and the linesdrawn CHAP.
upon it, together with the words annexed to these %
lines, and the numbers (hours and minutes) on
the dotted lines, explain the whole of it so well,
that no farther description seems requisite.

495. So far as I can examine the map by a good Canecrning
globe, the black curve lines are in general pretty (e a8 o
well laid down, for shewing at what places thePiarz
transit will begin, or end, at sun.rising or sup. XV
setting, to all those places through which they
are drawn, according to the times mentioned in
the map. Only I question much whether the
transit will begin at sun-rise to any place in Af-
rica, that is west of the Red sea; and am pretty
certain that the Sun will not be risen to the
northmost part of Madagascar when the transit
begins, as M. de L’Isle reckons the first contact
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,
seerns to be a little too far west in the map, at all
places which are south of Asia Minor: but in
Europe, 1 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 map and this is;

1, That in his map, the times are computed to

the meridian of Paris; in this they are reduced

to the meridian of Londoa. 2, I have changed
G3
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cuap. his meridional projection into that of the equato.

XX yeal; by which, I apprehend, that the black curve
I:nes, shewing at what places the transit begins,
or ends, with the rising or setting Sun, appear
more natural to the eye, and are more full)r seen
at once, than in the map from which I copied ;
for, in that map, the lines are interrupted and
broke in the meridian that divides the hemi.
spheres, and the places where they should join
cannot be perceived so readily by those who are
not well skilled in the nature of stereographical
projections.—The like may be said of many of
the dotted curve lines, on which are expressed
the hours and minutes of the beginning or end-
ing of the transit, which are the absolute times at
these places through which the lines are drawn,
computed to the meridian of London.

~

ARTICLE VIIL

Containing an Account of Mr. Horrox’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 frae 497. When Kepler first constructed his (the

predices the Ruydolphine) tables upon the observations of

tran-its  of

V.ous and Lycho, he svon became semsible that the planets

Mercurye Mercury and Venus would sometimes pass over
the un’s disc; and he predicted two transits of
Venus, one for the year 1631, and the cther for
1761, in a tract published at Lezps:c in 1629, en-
titled Admoritio ad Astronomos, &e. Kepler
dicd some days before the transit in 1621, which

he had predicted was to bave happened, Gas-
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sendi looked for it at Paris, but in vain (see cmar.
Mercurius in Sole visus, et Venus invisa), In. %1%
deed, the imperfect state of the Rudolphine ™"
tables was the cause that the transit was ex.
pected in 1631, when none could be observed ;
and those very tables did not give reason to ex-
pect one in 1639, when one was really observed.
498. When our illustrious countryman Mr, Herrox du-
* . covers ihe
Horrox first applied himself to astronomy, he com- imperfec.
puted Ephemerides for several years, from Lans.tion of the
v o, ' planetary
bergius’s tables. After continuing his labours sabies.
for some time, he was enabled to discover the
Amperfection of these tables ; upon which he laid
aside his work,intending to determine the positions
of the stars from his own observations, But that
the former part of his time spent in calculating
from Lansbergius might not be thrown away, he
made use of his ephemerides to point out to
him the situations of the planets. Hence he
foresaw when their conjunctions, their appulses
to the fixed stars, and the most remarkable phe-
nomena in the heavens would happen ; and pre-
pared himself with the greatest care to observe
them. '

499. Fromthishe was encouraged towait for the Determines
important observation of the transit of Venus in g, <eres
the year 1689 ; and no longer thought the former of Venusin
part of his time mispent, since his attention to %%
Lansbergius's tables had enabled him to discover
that the transit would certainly happen on the
24" 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 of Kepler : accordingly, in a
letter to his friend William Crabtree of Man-
chester, dated Hool, October 26, 1639, he com-
municated his discovery to him, and earnestly
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desired him to make whatever observations he

possibly could with his telescope, particularly to

measure the diameter of the planet Venus; which, -
according to Kepler, would amount to 7 minutes

of a degree, and according to Lansbergius to 13
minutes ; but which, according to his own pro-
portion, he expected it would hardly exceed one
minute. He adds, that according to Kepler, the
conjunction will be Naovember 24, 1639, at 8
hours 1 minute ‘A. M. at Manchester, and that
the planet’s latitude would be 14’ 10” south ; but
according to his own corrections he expected it
to happen at 3 hours 57 min. p. M. at Man.
chester, with 10’ south latitide. But because
a small alteration in Kepler's number’s would
greatly alter the time of copjunction, and the
quantity of the planet’s lantude, he advises to
watch the whole day, and even on the preceding
afternoon, and the morning of the 25®, though
he was entirely of opinion thar the transit would .
happen on the 2¢4™,

500. After having fully weighed and examined
the several methods of observing this uncommon
phenomenon, he determined to transmit the Sun’s
image through a telescope into a dark chamber,
rather than through a naked aperture, a method
greatly commended by Kepler; for the Sun's
image is not given sufhciently large and distinct
by the latter, unless at a very great distance from
the aperture, which the narrowness of his situa.-
tion would not allow of ; nor would Venus's dia.
meter be well defined, unless the aperture were
very small; whereas his telescope, which ren-
dered the solar spots distinctiv visible, would

. shew him Venus’s diameter well defined, and

enable him to divide the Sun's limb more accu-
rately.
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CHAP,
- 501, He described a circle on paper whichnearly XX

equalled six inches, the narrowness of the place
pot allowing a larger size; but even this size ad.
mitted divisions sufficiently accurate. He divid-
ed the circumference into 860 degrees, and the
diameter into 30 equal parts, each of which were
subdivided into 4, and the whole therefore into
120. The subdivision might have still been car-
ried farther, but he trusted rather to the accura-
cy and niceness of his eye.

502. When the time of observation drew near, His obser-
he adjusted the apparatus, and caused the Sun's jr we.cr
 distinct image exactly to fill the circle on theof 1639.
paper ; and though he could not expect the pla-
net to énter upon the Sun’s disc before three
o'clock in the afternoon of the 24", from his
own corrected numbers, upon which he chiefly
relied ; yet, because the calculations in general
from other tables gave the time of conjunction
much sooner, and some even on the 23%, he ob-
served the Sun from the time of its rising to nine
o'clock ; and again, a litle before ten ; at noon,
and at one 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 pre.
ceding day; and which also he afterward saw on
some of the following days. .

503. Butat 8 hours15minutes in theafternoon,
which was the first opportunity he had of re.
peating his abservations, the clouds were entirely
dispersed and invited him to seize this favour.
able occasion, which seemed to be providentially
thrown in his way; for he then beheld the most
agreeable sight, a spot which had been the object
of his most sanguine wishes, of ah unusual size,
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and of a perfectly circular shape, just wholly en.

XXHL tered upon the Sun’s disc on the left side; so

g tevime]

Yoc'ination

that the limbs of the Sun and Venus perfectly
coincided in the very point of contact. He was
immediately sensible that this spot was the pla.
net Venus, and applied himselt with the utmost
care to prosecute his observations. -
504, And, First, With regard to the inclination,

of Venusw he found, by means of a diameter of the circle set

path.

Prstancen
betwecn

ske centres

perpendicular to the horizon, the plane of the
circle being somewhat reclined on account of the
Sun’s altitude, that Venus had wholly entered
upon the Sun’s disc, at 3 hours 15 minutes, at
about 62 degrees 80 minutes, (certainly between
60 and G5 degrees) from the vertex toward the
right hand. (These were the appearances with.
in the dark chamber, where the Sun’s image and
motion of the planet thereon were both inverted
and reversed.) And this inclination continued
constant, at least to all sense, till he had finished
the whole of his observation.

505. Secondly, Thedistancesobserved afterwards
between the centres of the Sun'and Venus were as

of the sun follow. At 8 hours 15 minutes by the clock, the
wd Venus. distance was 14/ 247 at 3 hours 35 minutes, the

Puameter
»f Vepus.

distance was 18’ 80”; and at 3 hours 45 minutes,
the distance was 13' 0". The apparent time of
sun-setting was at 3 hours 50 minutes—the true
time 3 hours 45 minutes—refraction keeping the
Sun above the horizon for the space of 5 minutcs.

506. Thirdly, He found Venus’s diameter, by
repeated observations, to exceed a thirtieth part of
the Sun’s diameter, by a sixth, or at most a fifth
subdivision.—The diameter therefore of the Sun
to that of Venus may be expressed as 80 to
1.12. It certainly did not amount to 1.30, nor
vet to 1.20. And this was found, by observing
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Venus as well when near the Sun’s limb, aswhen  ¢pas,
farther removed from it. XXIL
507. The placewhere this observation was made, =
was an obscure village called Hool, about 1 5 miles
northward of Liverpool. The latitude of Liver-
poal had been often determined by Horrox to be
53° 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 Uraniburg.
508, These were all the observations which the
shortness of the time allowed him to make upon
this most remarkable and uncommon sight: all
that could be done, however, in so small a space
of time, he very happily executed ; and scarcely
any thing farther remained for him to desire. In
regard to the inclination alone, he could not ob-
tain the utmost exactness; for it was extremely
difficult, from the Sun's rapid motion, to observe
it to any certainty within the degree. And he
ingenuo.usly confesses that he neither did, nor
could possibly perform it. The rest are very
much to be depended upon ; and as exact as he
could wish.
50Q. Mr. Crabtree, at Manchester, whom Mr. Mz, Crab.
Horroxhaddesirsd to observe this transit,and who :::::;bche
in mathematical knowledge was inferior to few, tranitia
 readily complied with his friend’s request ; bug*®?
the sky was very unfavourable to him, and he
had only one sight of Venus on the Sun’s disc,
which was about 3 hours 85 minutes by the
clock; the Sun then, for the first time, breaking
out from the clouds ; at which time, he sketched
Venus's situation upon paper, which Horrox
found to coincide with his own observations.
510. Mr. Horrox, in his treatise on this subject,
published by Hevelius, and from which almost
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cuar. the whole of this account has been collected,
XX hopes for pardon from the astronowmical world,
for not making his intelligence more public; but
his discovery was made too late, He is desirous,
however, in the spirit of a true philosopher, that
other astronomers were happy enough to observe
it, who might either confirm or correct his ob-
servations. 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 countrymen, who pro-
secuted their astronomical studies with such ea-
erness and precision, that they must very soon
ve brought their favourite science to a degree
of perfection unknown at those times, But un.
fortunately Mr. Horrox died on the 8¢ of Janu-
ary 1640-1, about the age of 25, just after he
had put the last hand to his treatise, entitled,
Fenus in Sole visa, in which he shews himself to
have had a more accurate knowledge of the di.
mensions of the solar system than his learned
commmentator Hevelius.—3S8o far the dnnual
Register.

511, In the year 1691," Dr Halley gave in a
g'c-di:f:ng paper upon the transit of Venus, (See Lowthorpe’s
veral wan- Abridgment of the Philosophical Transactions,
Vel page 434), in which he observes, from the tables

then in use, that Venus returns to a conjunction
with the Sun in her ascending node in a period of
18 years, wanting 2 days 10 hours 52+ minutes ;
but that in the second conjunction she will have
got 24’ 41" farther to the south than in the pre-
ceding. That after a period of 235 years'2 hours
10 minutes 9 seconds, she returns to a conjunc-

* See the Connoissance des Tempas for 1761,
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tion more to the north by 11'33"; and after
249 years, wanting 43 minutes in'a point more
to the south by 13’ 8°. But if the second con-
junction is in the year next after leap year, it will

a day later.

512. The intervals of the conjunctions at the de-
scending node are somewhat different, The se-
cond happens in a period of 8 years, wanting 2
days 6 hours 55 minutes, Venus being got more
to the north by 19/ 587, After 235 years 2 days
8 hours 18 minutes, she is & 21" more souther-
ly : only, if the first year is a bissextile, a day
must be added. And after 243 years 0 days
1 hour 23 minutes, the conjunction happens
10’ 8377 more to the north ; and a day later, if
the first year was bissextile. It is supposed, as
in the old stile, that all the centurial years are
bissextiles.

513, Hence, Dr. Halley finds the years in which

a transit may happen at the ascending node, in the
month of Nyovember (old stile) to be these—818,
1161, 1896, 1631, 1639, 1874, 2109, 2117:
and the transits in the month of May (old stile)
at the descending node, to be in these years—
1048, 1283, 1518, 1526, 1761, 1769, 1996,
2004. )
514 In the first case, Dr. Halley makes the vi-
sible inclination of Venus’s orbit to be 9° &, and
her horary motion on the Sun 4’ 7%, In the latter,
he finds her visible inclination to be 8’ 287, and
her horary motion 4 0", 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 interval in time between the two interior
contacts of Venus with the Sun could be mea.
sured to the exactress of a second, in two plages

CHAP
XX

‘—ﬂ
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CHAP, proper}y situated, the Sun’s parallax might be

XXUL  determined within its 500™ part.—Bat several
years after, he explained this affair more fully, in
a paper concerning the transit of Venus in the -
year 1761 ; which was published in the philoso-
phical transactions, and of which the third of the
preceding articles is a translation ; the original
having been written in Latin by the Doctor.

ARTICLE wiil.

Containing a short account of some observations
of the transit of Fenus, A. b, 1761, June 6°,
new stile; and the distances of the planets from
the Sun, as deduced from those olservations.

Dr. Bliws  516. Earlyin the morning, when every astrono-
Crva o €T was prepared for observing the transit, it un-
tramivin tuckily happened, that both at London, and the
royal observatory of Greenwich, the sky was so
overcast with clouds, as to render it doubtful
whether any part of the transit should 'be seen:
and it was 88 minutes 2! minutes past VII
o'clock (apparent time) at Greenwich, when the
Rev. 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 42.1” of declination.—From that
time to the beginning of egress the Doctor
made several observations, both of the differ-
ence of right ascension and .declination of the
centres of the Sun and Venus; and at last
found the beginning of egress, or instant of
the internal contact of Venus with the Sun’s
limb, to' be at 8 hours 19 minutes O seconds
apparent time.—From the Doctor’s own' ob-

- 3
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abservations, and those which were made at Shir. cHap.
burn by another gentleman, he has computed, *X!*
that the mean time at Greenwich of the ecliptical
conjunction of the Sun and Venus was at 51 mi.

nutes 20 seconds after V o’clock in the morn-

ing ; that the place of the Sun and Venus was

11 (Gemint) 15° 36’ 33" ; and that the geocent-

ric latitude of Venus was 9’ 44.9" south ;—her
horary motion from the Sun % 57.18" retro-
grade ;—and the angle then formed by the axis

of the equator, and the axis of the ecliptic, was

6° 9’ 347, decreasing hourly 1 minute of a de-
gree.—DBy the mean of three good observations,

the diameter of Venus on the Sun was 58”.

517, Mr. Short made his observation at Savile- Mr. Short’y
house, in London, 80 seconds in time west from &=
Greenwich, in presence of his royal highness the eraosic.
duke of York, accompanied by their royal high.
nesses Prince William, Prince Henry, and Prince
Frederick.—He first saw Venus on the Sun,
through flying clouds, at 46 minutes 87 seconds
after V o‘cloc%:; and at 6 hours 15 minutes 12
seconds he measured the diameter of Venus
59.8".-—He afterward found it to be 58.9" when
the sky was more favourable. And, through a
reflecting telescope of two feet focus, magnifying
140 times, he found the internal contact of Ve-
nus with the Sun’s limb to be at 8 hours 18 mi-
nutes 21% scconds, apparent time ; which, being
reduced to the apparent time at Greenwich, was
8 hours 18 minutes 51% seconds: so that his
time of seeing the contact was 81 seconds sooner
(in absolute time) than the instant of its being
seen at Greenwich,

518. Messrs. Ellicot and Dollond observed the aesre, 7.
internal contact at Hackney, and their time of see- licot and

et . . Dollond"
ing it, reduced to the time at Greenwich, Was atghercs.

tions.
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cHaP 8 hours 18 minutes 56 seconds, which was 4
XX cevonds sooner in absolute time than the contact
was seen at Greenwich.,
Mr Can- 519. Mr. Canton, in Spittle-square, London, 4
:::‘;;"’“" 11" west of Greenwich (equal to 18 seconds 44
thirds of time) measured the Sun’s diameter 31'
33" 247, and the diameter of Venus on the Sun
58" ; and by observation found the apparent time
of the internal contact of Venus with the Sun’s
limb to be at 8 hours 18 minutes 41 seconds;
which, by reduction, was only 27 seconds short
of the time at the royal observatory of Green-
 wich,

Mr.Hay.  520. The Rev. Mr. Richard Haydon, at Lis-
don's b~ keard,in Cornwall (16 minutes 10 seconds in time
west from London, as stated by Dr. Bevis) ob-
served the internal contact to be at 8 hours 0
minutes 20 seconds, which by reduction was 8
hours 16 minutes 80 seconds at Greenwich : so
that he must have seen it 2 minutes 80 seconds
sooner in abselute time than it was seen at Green-
wich—a difference by much too great to be oc-
casioned by the difference of parallaxes. Butby
a memorandom of Mr. Haydon’s some years be-
fore, it appears that he then supposed his west
longitude to be near two minutes more ; which
brings his time to agree within half a minute of
- the time at Greenwich ; to which the parallaxes

Mr. War- Will very nearly answer. )
gentinsob- 521, At Stockholm observatory, latitude 59°
$TVIEOR: 20% north, and longitude 1 hour 12 minutes east
from Greenwich, the whole of the transit was
visible ; the total ingress was observed by Mr.
Wargentin to be at 3 hours 89 minutes 23 se.
conds in the morning, and the beginning of egress
at 9 hours 80 minutes 8 seconds: so that the
whole duration between the two internal con-
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tacts, as seen at that place, was 5 hours 50 minutes GIAY.
45 seconds. _ W__,

At Torneo in Lapland (1 hour 27 minutes 28 Mr Hel-
seconds east of Paris) Mr. Hellant, who ishteb
esteemed 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 54
minutes 8 seconds,—so that the whole duradon
between the two internal contacts was 5 hours
50 minutes 9 seconds.

At Hernosand, in Sweden (latitude 6° 38'Mr. Gis
north, and longitude 1 hour 2 minutes 12 seconds <t et
east of Paris), Mr. Gister observed the total in.
gress to be at 3 hours 38 minutes 26 seconds ;
and the beginning of egress to be at g hours 29
minuates 21 seconds,~the duration between these
two internal contacts § hours 50 minutes 56 se-
conds. '

Mr. de la Lande, at Paris, observed the begin- Mr. ge s
ning of egress to be at 8 hours 28 minutes 26 Lmdes
seconds apparent time., But Mr. Ferner {whouions
was then at Conflans, 14+ west of the royal ob- Me Fer-
servatory at Paris) observed the beginning of servations.
egress to be at 8 hours 28 minutes 29 seconds
true time, The equation, or difference between
the true and apparent time, was | minute 54 se-
conds. The total ingress, being before the Sun
rose, could not be seen.

At Tobolsk, in Siberia, Mr. Chappe observed mr.
the total ingress to be at 7 hours O minutes 28 SPP¢*
seconds in the morning, and the beginuing of icos.
egress to be at 49 minutes 205 seconds after
XII. at noon. So that the whole duration of the
transit between the Internal contacts was 5 hours
48 minutes 527 seconds, as seen at that place:
which was 2 minutes 3 seconds less than asseen
at Hernosand in Sweden, _

Vol. 11, H
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GMAP.  Ar Madras, the Reverend Mr. Hirst obsetv-

.___\__l:_, ed the total ingress to be at 7 hours 47 minutes

Mr. Hirs's 55 seconds apparent time in the mornmg ; and

:’;‘:;“‘ the beginning of egress at 1 hour 89 minutes 38
seconds past noon. The duration between these
two internal contacts was 5 hours 51 minutes 48
seconds.

Professr  Professor Mathenci at Bologna observed the

Mathencis beginning of egress to be at 9 hours 4 minutes

tions. 58 seconds.

Mr. Ma- At Calcutta (latitnde 22° 8¢/ north, nearly 92°

gecs o= east longitude from London) Mr, William Magee
observed the total ingress to be at 8 hours 20
minutes 58 seconds in the morning, and the be.
ginning of egress to be at 2 hours 11 minutes
84 seconds in the afternoon. The duration be-
tween the two internal contacts 5 hours 50 mi-
nutes 36 seconds.

Mr.Ma- At the Cape of Good Hope (1 hour 18 mi-

wmsob- nutes 85 seconds east from Greenwich) Mr.

Yations . * .

Mason observed the beginning of egress to be at
9 hours 89 minutes 50 seconds in the morning.

All these times are collected from the observa.
ers accounts, printed in the Philosophical Trans-
actions for the year 1762 and 1768, in which
there are several other accounts that I 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 ﬁnd-
ing the Sun’s parallax.

Whoever compares these times of the internal
contacts, as given by different cbservers, will
find such difference among them, even those
which were taken upon the same spot, as will -
shew, that the instant of either contact could not
be so accurately perceived by the observers as Dr.
alley thought it could: which probably arises
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from the difference of people’s eyes, and the differ-
ent magnifying powers of those telescopes through
which the contacts were seen, If all the observ.
ers 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 soon-
est, 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 cobservations which were
made both in Britain and abroad : and finds it to
have been 8”.52 on the day of the transit, when
the Sun 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 indeed, it would be very well worth every
curious person’s while, to purchase the second
part of Volume LII. of the Philosophical Trans.
actions, for the year 1763 ; even if it contained
nothing more than Mr. Short’s paper on that
subject.

The logarithm sine (or tangent) of 8”.65 is
5.6219140, which being subtracted from the ra-
dius 10.0000000, leaves remaining the logarithm
4.3780860, whose number is 23882.84 ; which
is the number of semidiameters of the Earth that
the Sun is distant from it. And this last number,
23882,34, being multiplied by 3935, the numbeg
of English miles contained in the Earth’s semidia.
meter, gives 95,178,127 miles for the Earth’s
mean distance from the Sun, But because it is
impossible, from the nicest observations of the
Sun’s parallax, to be sure of its true distance
from the Earth within 100 miles, we shall at

H2a

CHAP.
xxur,
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CHAP. present, for the sake of round numbers, state
iﬂl_!;_, the Earth's mean distance from the Sun' at
95,178,000 English miles.

And then, from the numbers and analogies
in § 420 and 421, p. 49, vol. II, we find the
mean distances of all the rest of the planets from
the Sun in. miles to be as follows—Mercu.-
ry's distance, 36,841,408; Venus’s distance,
68,801,486 ; Mars’s distance, 145,014,148 ;
Jupiter's distance, 494,990,976 ; and Saturn’s
distance, 907,057,130.!

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

The semidiameter of the Earth’s anpual orbit
being equal to the Earth’s mean distance from the
Sun, viz. 95,173,000 miles, the whole diameter

_thereof is 190,346,000 miles. And since the
circumfersuce of a circle is to its diameter as
855 is to 113, the circumference of the Karth's
orbit is 697,037,040 miles. _

And, as the Earth describes this orbit in 865
days 6 hours (or in 8766 hours), it is plain that
it travels at the rate of 08,217 miles every hour,
and consequently 11,369 miles every minute ;
so that its velocity in its orbit is at least 142 times

t When T computed the distances in the last line of § 194,
page 70, I had heard that the Sun’s parallax was found to
' be 960 3 which occasions the difference between those dis-
tances and these which arise here from the parallax 8".65, as
I found it in the Philosephical Transactions.
* Tronting page 0.
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as great as thevelocity of a cannon ball, sup- ouar.

posing the ball to move through 8 miles in a *XN-

minute, which it is found to do very nearly ;:— "
and at this rate it would take 22 years 228 days

for a cannon-ball to go from the Earth to the

Sun. '

On the &d of June, in the year 1769; Venus
will again pass over the Sun’s disc, in sucha
manner, as to afford a much easier and better
method of investigating the Sun’s parallax than
her transit in the year 1761 has done.—But no
part of Britain will be proper for observing
that transit, so as to deduce any thing with re-
spect to the Sun’s parallax from ir, because it
will begin but a little before sun-set, and will be
quite over before II o'clock next morning.~—The
apparent time of conjunction of the Sun and
Venus, according to Dr. Halley’s Tables, will be
at 13 minutes past X o’clock at night at London;
at which time the geocentric latitude of Venus
will be full 10 minutes of a degree north from
the Sun’s centre :—and therefore, as seen from
the northern parts of the Earth, Venus will be
considerably depressed by a parallax of latitude
on the Sun’s disc; on which account, the visible
duration of the transit will be lengthened : and
in the southern parts of the Earth she will be
elevated by a parallax of latitude on the Sun,
which will shorten the visible duration of the
transit, with respect to its duration as supposed
to be seen from the Earth's centre; to both
which affections of duration the parallaxes of
longitude will also conspire.—~50 that every ad-
vantage which Dr. Halley expected from the late
transit will be found in this without the least diffi-
culty or embarrassment.—It is therefore to be
hoped, that neither cost nor labour will be spare
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CHAP. ed in duly cbserving this transit; especially as
XXl there will not be such another opportunity again
"~ in less than 105 years afterward,

The most proper places for observing the
transit in the year 1769 is in the northern part
of Lapland, and the Solomon Isles in the great

. South Sea ; at the former of which, the wvisible
. duration between the two Internal contacts will
be at least 22 minutes greater than at the latter,
even though the Sun’s parallax should not. be
qu ite 9.~ If it be ¢ (which is the quantity | had
assamied in a delineation of this transit, which I
gave in 1o the Poyal Society bufore I had heard
what Mr. Short had made 1t from the observa.
ticus on the late transit) the diffcrence of the
visible durarions, as scen in Lagland and in the
Solomen Isles, will be-as expressed in that deli.
neattion ; and if the Sun’s pariliax be ltss than
8~ (as I now have very goud reason to believe it
is). the difference of durations will be less accord-

. ingly.



SUPPLEMENTARY CHAPTERS

TO

FERGUSON'S ASTRONOMY.

. BY

THE EDITOR.



TSR PLANETS,

|

i
1 :
St

+n

he 11
Dis

u
é

: rg R’ nnxusanz?s muss

i m PLTLPEL TERE ] e oey m, mma wmm,_
mmwmmmmmmmmmmli mmmmmMlmmmmmmmumm%mmmmm%m

mwn:b he

Ehm mmmmmm m.m mmm mm m mmmm mmmmmmmmmmm

lsslltfsnmnnuuumfunnnnSﬂsumnmmmﬂ!usmaaawuncuﬁnluﬂwmuuuu

m m_



SUPPLEMENTARY CHAPTERS

T
FERGUSON'S ASTRONOMY.
: —
CHAP. L

ON THE FIVE NEW PLANETS, THE GEORGIOM #I1DUS,
CERFS®, PALLAS, JUNO, ANR VESTA.

. Tas great additions which astronomy has lately cHae.
received, have given a new form to this interest. "
ing science, and extended our knowledge far be-
yond the limits of the system which we inhabit.
‘The discovery of five primary, and eight second-
ary planets;—the determination of the motion of
our system in free space;—the reference of all the
celestial phenomena, and particularly of the ine-
qualities arising from the mutual action of the
planets, to the simple law of gravitation; and the
consequent improvement of our astronomical ta.
bles, (}orm a lasting monument to the industry
and genius of their authors; and mark the close
of the first, and the commencement of the pre-
sent century, as the most brilliant period in the
history of astronomy.

For several of these important discoveries, we
are indebted to the powerful telescopes of Dr.
Herschel, which detected two of the satellites of



i22 On the Five New Planets.

.

CH;‘P' Saturn,and ali the satellites of the GeorgiumSidus.
" The success of this celebrated astronomer gave
birth to a spirit of observation and inquiry which
was before unknown. The heavens have been
explored with the most unwearied assidui?’, and
this laudable zeal for the advancement of astro-
nomy has been crowned with the discovery of

Jour new planets.

These additions to the science do not merely
present us with a few insulated facts similar to
those with which we were formerly acquainted :
They exhibit to us new and unexpected pheno.
mena, which destroy that harmony in the solar
system which appeared in the magnitudes and
distances of the planets, and in the torm and po-
sition of their orbits. The six planets which for-
merly composed the system, were placed at some-
what regular distances from the Sun: They moved
from west to east,and at such intervals asto prevent
any extraordinary derangements which might arise
from their mutual action. 'Their magnitudes, too,
with the exception of Saturn, increased with their
distance from the centre of the system, and the
excentricity, as well as the inclination of their
orbits, was comparatively smail. In the present .
system, however, we find four very small planets
between the orbits of Mars and Jupiter, placed at
nearly the same distance from the Sun, and mov-
ing in very excentric orbits which intersect each
other, and are greatly inclined to the plane of the
ecliptic. The satellites of the Georgium Sidus, too,
move nearly at right angles to the plane of his
orbit ; and what is still more surprising, the di-
rection of their motion is opposite to that in which -
all the other planets, whether primary or second-
ary, circulate round their respective centres,



On the Five New Planets. © 128

On the Georgium Sidus.

From inequalities in the motion of Jupiter and cHar.
Saturn, which could not be accounted for from -
the mutual action of these plancts, it was inferred
by some astronomers that there existed beyond
the orbit of Saturn another planet, by whose ac.
tion these irregulanties were produced. This
happy conjecture was confirmed on the 13th
March 1781, when Dr. Herschel discovered a
new planet, which, in compliment to his royal
patron, he called the Georgium Sidus, though on
the continent it is better known by the names of
Herschel or Uranus. This new planet, which had
been formerly cbserved asa small star by Flamstead
and Mayer,and introduced into their catalogues of
the fixed stars, is situated beyond the orbit of Sa. |
turn, at the distance of 1,800,000,000 miles from
the centre of the system, and performs its sidereal
revolution round the Sun in 83 years, 150 days,
and 18 hours. lIts diameter is about 41 times
larger than' that of the Earth, being nearly
. 85,112 English miles, When seen from the
Earth, its apparent diameter, or the angle which
it subtends at the eye, is 3" 32"/, and its mean
diameter as seen from the Sun, is 4“. Asthe
distance of the Georgium Sidus from the Sun is
twice as great as that of Saturm, it can scarcely
be distinguished by the naked eye. When the
sky, however, is serene, it appears like a fixed
star of the sixth magnitude, with a bluish white
light, and a brilliancy between that of Venus and
the moon ; but with a power of 200 or 300, its
disc is visible and well defined.

The want of light arising from the great dis.
tance of this planet from the Sun is supplied by
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cHAP. six satellites, all of which were discovered by Dr.
I Herschel. The first satellite is 25”.5 distant from
Y s primary, and revolves round it in 5 days, 21
hours, 25 minutes. The second satellite is 337.g
distant from the planet, and performs its re-
volution in 8 days, 17 heours, 1 minute, 19 se-
conds. Thedistance of the third satellite is 38", 57,
and its periodic time 10 days, 23 hours, 4 mi-
nutes:. The distance of the fourth satellite is
44".22, and the dme of its periodical revolution
13 days, 11 hours, 5 minutes 1.5. The distance
of the fifth satellite is about 1’ 28”.44, and nis
revolution is completed in 58 days, 1 hour, 49
minutes. The sixth satellite is placed at the
distance of 2° 56”.88 from the primary, and will
therefore require 107 days, 16 hours, 40 minutes,
to complete one revolution. The second and
fourth of these satellites were discovered by Dr,
Herschel on the 11th January 1787 The other
four were discovered in 1790 and 1794, but their
distances and pericdic times have not been so ac-
curately ascertained as the othertwo™. Itisa re-
markable circumstance, however, that all the six
satetlites move in a retrograde direction, and in
orbits lying in the same plane, and almost perpen.
dicular to the ecliptic”.
According to La Place, the first five satellites
of the Georgium Sidus may be retained in their
orbits by the action of its equator, and the sixth

! See the Philosophical T'ransactions for 1787, p. 1253
1788, p. 364,
= See Phil. Trans. 1798, Part 1. p. 47.
® Dr. Herschel remarks, that we shall have eclipses of
them in 1818, when they will appear to ascend through the
. shadow of the plapet in a direction almost perpendicﬁar to
the ecliptic, '



On the Five New Plaﬁist:. 125

by the action of the interior satellites ; and hence cHap,
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 Earthis in its perihelion, and the
Georgium Sidus in its aphelion, the latter be-
comes stationary when his elongation or disjance
from the Sun is 8° 17° 87/, and his retrograda-
tions continue 151¢ 12, When the Earth is in
its aphelion, and the Georgium Sidus in its peri-
helion, it becomes stationary at an elongation of
8' 16° 27, and the retrogradations continue
149%. 18", The following table contains the
most correct elements of the orbit of the Geor-

gium Sidus, and other particulars concerning this
planet.
Days.  H. Min.

Tropical Revolution - - - 30637 4 0O
Mean distance from the Sun, that of the

Earth being 100000 - -« . 1908352
Density, that of water being ) - - - 05%%
Quantity of matter, that of the Earth being 1 16.84
Diameter in Englishmiles - - - - 35112
Inclination of its orbit in 1750 - - 4G 207
Place of aphelion in 1800 - - 11 20 3
Secular motion of aphelion - - 12y 7
Excentricity of ite orbit, the mean distance

being 100000 - - - - -  §osp4
Longitude for 1784 - - - 3* 14° 43" 18"
Greatest equation of the centre - . 5° 27" 167
Longitude of ascending nade in 1788 > 12° 47 ¢
Secular motion of the node - & 1° 44 35"
Greatest abermation - - - . 25"

*+ See Mecanique Celeste par La Place, tome ii. p. 381,
Tom, iv. P e, and p. 190. and Mem. de L’ Lustitur.
Tom. ili, p. 123+ _ )
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On Ceres.

The planet Ceres was discovered at Palermo,
in Sicily, on the 1'" of January 1801, by M.
Piazzi, an ingenious observer, who has since dis-
tinguished himself by his astronomical Iabours.
This new celestial body was then situated in
Taurus, and was observed by Piazzi till the 12
.of February, when 2 dangerous iliness compelled
him to discontinve his observations. It was,
however, again discovered by Dr. Olbers of Bre-
men, o the 1* 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,
and it was in consequence of the suggestion of
Professor Bode of Berlin, or of Baron Zach,

" that Piazzi znd other astronomers ranked it

among the planetary bodies.

The planet Ceres is of a ruddy colour, and
appears about the size of a star of the 8™ mag-
nitude. It seems to be surrounded with a Jarge
dense atmosphere, and plainly exhibits a disc,
when examined with a magnifying power of
about 200.

Ceres is situated between the orbits of Mars
and Jupiter. She performs her revolution round
the Sun in four years, seven months, and ten
days; and her mean distance from that luminary
is nearly 260 millions of English miles. The ex-
centricity of her orbit isa little greater than that
of Mercury, while its inclination to the ecliptic
exceeds that of all the old planets. Tht obser-
vations which have been hitherto made upon this
celestial body do not seem sufficiently correct
to enable us to determine its magnitude with any
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degree of accuracy, According to the measure- cHaA®.
ments of Herschel, the diameter of Ceres does ™
not exceed one hundred and sizty miles, while the
observations of the German astronomer Schroeter

make it 1624 miles. The following table will
present at one view, the various particulars which

are known respecting the planet Ceres.

Years, MOﬂtHl. Days.

Tropical Revolution, La Lands - 4 7 110
- Do. from Maskelyne’s Table, 1681 D, 12 H. g M.
Annual motion - - - 2! 18" 14

Mean Longitude, January I. 1804 1o 11° 5 o7
Place of Ascending Node, from Mas-

kelyne's Table, in 1502 . 2 20° 59 do¥
Do. in 1804, according to La Lande 2, 21° - &
.. Place of aphelion in 1802 - - 4, 25% 57" 19"~

Do. according to La Lande,Jan. 1. 1804 4° 26 44"
Excentricity, the mican distance being 1,

according to Maskelyne - 0.08141
¥lo. according to La Lande - 0.079
Inclination of orbit - 10° 37
Greatest equation of centre, Maskelyne g° 200 8"
Do, ' do. La Lande 0 3' o
Mean distance from the San, that of the

Sun from the Earth being 1, La Lande 2.77

Do. from Maskelyne's Table - 2.735
Mean distance in English miles . 260.000.000
Diameter in English miles, Herschel 163
Do. _ do. Schroeter 1624
Apparent mean diameter, as seen from
the Earth - - 1”
On Pallas.

The planet Pallas was discovered at Bremen,
in Lower Saxony, on the 28" March 1802, by
Dr. Olbers, the same active astronomer who re-
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cHAP. discovered Ceres. It is situated between the or.
% bits of Mars and Jupiter, and is nearly of the
same magnitude with Ceres, but of a fess ruddy
colour, Itis surrounded with a nebulosity of
almost the same extent, and performs its annual
revolution in nearly the same period. The planet
Pallas, however, is distinguished in a very res
markable manner from Ceres and all the other
primary planets, by the immense inclination of
its orbit. While these bodies are revolving round
the sun in almost circular paths, rising only a
few degrees above the plane of the ecliptic, Pal~
Ias ascends above this plane at an angle of about
85 degrees, which is nearly five times greater
than the inclination of Mercury. From the ex.
centricity of Pallas being greater .than that of
Ceres, or from a difference of position in the
line of their apsides, while their mcan distances
are nearly equal, the orbits of these two planets
mutually intersect each other, a phenomenon
which is altogether anomalous in the solar system.
The diameter of Pallas has not yet been de-
termined with sufficient accuracy.  Dr. Herschel
makes it only 80 miles, which is but one half -
the diameter of Pallas, while Schroeter makes
it no less than 2099 miles, which is considerably
larger than the magnitude that is assigned to
Ceres. The elements of the orbit of Pallas, and
the other particulars which are known respect-
ing this planet, are given in the following table

Years, Months, Daya.

Tropcal revelution - - 4 7 1

Sidereal revolution, from Maskelyne'sTable 1703 D, 16H. 48*
Annual mouon - - 2018 1
Mean Longitade, January 1. 1504, - @ 20, 52' 58”

Place of ascending node in 1802, from
Maskelyne's Tabie - - 5 22° 28’ 57"
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Place of ascending nede in 1804, according

to La Lande, - - 5 22° 28
Place of peribelion, - - 4 1* P
Eccentricity, the mean distance being 1, 0.24630
Inclination of orbit in 1801, accarding to Mas.

" kelyne’s Table, - - 34° 50/ 40"
Do in 1804, according to La Lande, 34° 3¢/
Greatest equation of centre, . 28°% 25
Mean distance from the Sun, that of the Earth

being 1, - - 2.7910
Mean distance in English mﬂes, - 266,000,000
Diameter in English miles, according to Herschel, 50
Do. do. according to Schroeter, 2069
Apparent mean diameter, as seen from the Earth, ¢/.5

On Juno.

CHAP,
I

The planet Juno was discovered by Mr. Hard On the
ing, at the observatory of Lilienthal, near Bre. Pl

men, on the evening of the 1" September, 1804,
‘While this astronomer was forming an atlas of
all the stars which are near the orbits of Ceres
andPallas, he observed, in the constellation Pisces,
a small star of the 8™ magnitude, which was not
mentioned in the Histoire Celeste of La Lande;
and being :gnorant of its longitude and latitude,
 he put it down in his chart as nearly as he
could estimate with his eye. Two days after-
wards, the star disappeared ; but he perceived
another which he had not seen before, resembling
the first iy size and colour, and situated z little to
the south west of its place, Me observed it
again on the 5™ of Scptember, and finding that
1t had moved 4 little farther to the south-west,
"he concluded that this star belonged to the pla-
netary system. The planet Juno is of a reddish
colour, and is free from that nebulosity which
surrounds Pallas. Itis situated between the orbus
Vol, 11, I

Juno,
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CHAP. of Mars and Jupiter. Its diameter is less, and
L jts distance greater than those of the other new
'~ planets. It is distinguished from all the other

planets, by the grear 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 perihelion, in half the time that it employs
"in describing the other half, which is farther
from the Sun. From the same cause, its great-
est distance from the Sun is double the least dis-
tance, the difference between the two distances
being about 127 millions of miles. The follow.
ing elements were calculated by Burckhardt.

Revolution, . 5 Years, 182 Days.
Moean Longitude, 31" December,

1804, noon, . - 1 120 17 23"
Place of ascending node, - L A
Place of perihclion in 1805, i* 200 498 337
Eccentricity, the mean distance being 100,000, 25096
Inchination of orbil, - - 21

Mean distance from the sun in English miles 275.000.000

Diameter in English miles according to Schroeter, 1424

Apparent mean diameter, as seen from the Earth,
uccording to Schrogter, - 3%.057.

On Vesta.

onthepla. We have already mentioned, that from the
net Vesta. regularity observed in the distances of the old
planets from the Sun, some astronomers sup-
posed that a planet existed between the orbits of
Jupiter and Mars. The discovery of Ceres con-
firmed this happy conjecture; but the opinion
which it seemed to establish respecting the har-
mony of the solar system, appeared to be com-
pletely overturned by the discovery of Pallas and
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Juno. Dr. Olbers, however, imagined that cHar

these small celestial bodies were merely the frag-,_*_,

ments of a larger planet, which had been burstp:. omer

asunder by some internal convulsion, and that se. ::"“;r .

veral more might yet be discovered between the pe ;?:.

orbits of Mars and Jupiter. He therefore con. ses

cluded, that though the orbits of all these frag-

ments might be differently inclined to the eclip-

tic, yer, as they must have all diverged from

the same point, they ought to have two com-

mon points of reunion, or two nodes in oppo- .

site regions of the heavens, through which all

the planetary fragments must sooner or later

pass. (ne 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. Harding discovered the planet Juno. With

the intention, therefore, of detecting other frag-

ments of the supposed planet, Dr. OQlbers exa-

mined thrice every year, all the little stars in the

opposite constellations of the Virgin and the

Whale, till his labours were crowned with suc.

coss on the 29 March, 1807, by the discovery

of a new plinet in the constellation Virgo, to

which he gave the name of Vesta.

As soon as this diccovery was made known

England, the planet was observed at Blackheath,

on the 26™ April, 1807, by S. Groomnbridge,

Esq. an ingenious ard active astronomer, who has

successtully devoted his leisure and his fortune

to the advancement of his favourite science. He
continued to observe it with his excellent astro-

nomical circle, till the 20™ May, when, from its

having ceased to | ecome visible on the meridian,

he had recourse to equatoreal instruments. On

the 11" of August, Mr. Groombridge resumed

his meridional cbservations, from which he has

12
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'CHAP. computed part of the elements of its orbit, and

.

-

had the good fortune to observe the ecliptic op-
position of the planet, on the 8* of September
1808, at 7* 30’ in longitude 11° 15° 547 26",
The planet Vesta is of the 5 or 6™ magni-
tude, and may be seen in a clear evening by the
naked eye. Its light is more intense, pure, and
white than any of the other three. It is not sur.

- rounded with any nebulosity, and has ne visible

disc.y The orbit of Vesta cuts the orbit of Pal-
las, but not in the same place where it is cut by
that of Ceres. According to the observations
of Schroeter, the apparent diameter of Vesta is
only 0.488 of a second, one half of what he
found to be the apparent diameter of the 4" sa-
tellite of Saturn; and yet it is very remarkable,
that its light is so intense, that Mr. Schroeter
saw it several times with bis naked eye.”

M. Burckhardt is of opinion, that Le Mon-
nier had observed this planet as a fixed star, since
a small star situated in the same place, and ob-
served by that astronomer, has since disappeared.

The following are the elements of the orbit
of Vesta, computed by Mr. Groombridgz, from
his own observations.

Revolution, - - 3.182 Years,
Place of aphelion, - - 6 3 0 o
Place of ascending node, - 3% 14° 38’ o
Inclination of orbit, - - 7° 8 207
Mean distance, - . 2,163

Excentricity io parts of the Earth’s radius, 0.0953

The following elements are given by Burck-
hardt, in the Connoissance de Tems for 1809,

—

4 Phil. Trans. 1807, part 11, p. 265, 250.
F Phil. T'rans. 1807, part 11, p. 245.
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From the most recent observations on the con- CHIAE
tinent, )

E———
Place of ascending node, - 313 Vo

Place of perihelion, - - 8 0* 42 537

Inclination of orbit, -, . e g A

Mean distance, “ - - 2.373000
Excentricity, - - - 0.093221 .

The orbits of the four new planets projected
from the places of their perihelion, and their ec-
centricities, as given in the preceding elements,
are represented in the view of the solar system
given in Plate I, Sup. and separately in a larger piae L5,
scale in Plate IV, Fig. 1. These orbits appear Plae LV.
to intersect each other in various places, and it"® &
is obvious, that the points of intersection must
be perpetually shifting, according to the changes
in the aphelia of the planets,

o,






: 'CHAP. IL

®X THE NXW DISCOVERIES, &c. IN MERCURY, VENUS,
MAuS, JUPITER, AND BATURN.

Al

Howzvga bl’llhant have been the discoveries in cHAp
astronomy, by which the present century has 1.
been dlstmgmshed, yet those which were made =™
on the old planets of the system by Dr. Her- .
schel and Mr. Schroeter, with the assistance of
powersul telescopes, are not less interesting and
important. The discovery of mountains in Mer-

cury and Venus, of the double ring and interior
satellites of Saturn, and the determinasion of its
diurnal revolution, are a few of the important

facts which have been added to astronomy, by

the improvement of the telescope. :

Mercury,

The great brilliancy of the light emitted by Discorerics
the planet Mercury, the shortness of the period in Mer-
during which observations can be made upon his 7
disc, and his positon among the vapours of the
horizon when he is observed, have prevented
astronomers from making any intercsting dis-
coveries respecting this planet. According to
the observations of Dr. Herschel, Mercury ap-
pears equally luminous in every part of his body,
and seems to have his disc always well defined,
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without any dark spot or ragged edge. Mr,
Schroeter, on the contrary, pretends to have
discovered not only spots, but alsc mountains in’
this planet.  The highest of those which he mea-
sured, was about 8900 toises, or ten miles and
three quarters, more than twice as high as Chim-
baraco, the highest mountain upon ocur globe,
which is only 3200 toiscs. ‘T'he other mountain
measured by Schroeter, is little more than 1000
toiscs in height.  Like the mountains in Venus
and the Moon, those in the southern hemis.
phere are the highest. By the variations in the
daily appearance of Mercury’s horns, M. Schroe-
ter found that the period of his daily rotation
was 24" 5 28", These observations remain to
be confirmed by other astronomers.

Fenus.

-
.

We have already given some account of the
observations by which Cassini and Bianchini
endeavdured to ascertain the diurnal revolution
of Venus. Figures 1* and 2° of Plate 1, Sup.
represent the spots observed by Bianchini.

The powerful telescopes of Dr. Herschel and
Mr. Schroeter have been recently employed i
examining tize various appearances of this planet,
On the :9™ June 1780, Dr. Herschel observed
spots upon the surface of this planet, as represent-
ed in ¥igure 8%, where a d ¢ is a bluish darkish
spot, and cel a brighter spot. They met in
an angle at a point ¢, about one third of the
diameter of Venus from the cusp a. This as-
troaomer also observed, that Venus was much
brighter round ber limb, than in that part which
separatcs the enlightened from the obscure part
of her disc.  As this brightness round her limb
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diminishes pretty suddenly, it resembles a par. cHar.
row luminous border, and therefore does not, '
seem to be the result of any optical deception.
The light seemed to decrease gradually between
this border and the boundary between the illumi.
pated and obscure parts of her disc. Mr. Schroc.
ter had observed before Dr. Herschel, * that
the light appears strongest-at the outward limb,
from whence it decreases gradually, and in a re.
gular progression towards 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 venture to ascribe it
to the atmosphere of Venus, which, like our ame. -
own, is probably replete with matter that re.sphereof
flects and refracts light copiously in all direc.**"™
tions. Therefore, on the border where we have
an oblique 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
accounts for the small number of spots which
appear upon her d'sc. ¢ For this planer,” says -
he, “ having a dense atmosphere, its real sur-
face will commonly be enveloped by it, so as
not to present us with any variety of appear-
ances. This also points out the reason why the
spots, when any such there are, appeat gencral-
ly of a darker colour than the rest of the body.”
‘The observations of this astronomer did not en-
able 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
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place in her dark spots, but as Schroeter in~
ferred, from the itlumination of her cusps when
she is near her inferior conjunction, where the
enlightened ends of the horns reach far beyond
a semicircle.

Mr. Schroeter seems to have been very suce
cessful in his observations upon Venus; but the
results which he has obtained are more different
than could have been wished from the observa-
tions of Dr. Herschel. He discovered several
mountains in this planet,and found, that like those
of the Moon, they were always highest in the
southern hemisphere, their perpendicular heights
being nearly as the diameters of their respective
planets. From the 11" December 1789, to the
11" of January 1790, the southern horn b of
Venus appeared much blunted, with an enlight-
ed mountain m, in the dark hemisphere, about
18300 toises, or nearly 232 wiles high.

M. Schroeter measured the alutude of four
mountains in Venus, and obiained the following
results : :

Tolwen Milan

1% Highest, 16600 22.08
2¢ Highest, 15750 18.97

3% Higheet, 500 11.44

T 4% Highest, 0000 10,84

In order to determine the daily period of the
planet, Mr. Schroeter observed the different
shapes of the two horns of Venus. Their ap-
pearance generally varied in a few hours, and
became nearly the same ar the corresponding
time of the subsequent day, or rather about haif
an hour sooner every day. Hence he conclud-
ed, that the period must be about 234 hours; that
her equator is considerably inclined to the eclip.
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tic, and the pole at 2 considerable distance from CHAP.
the point of the horn. On the 30™ of Decem-__
ber 1791, at 8 o’clock in the moraing, the
southern horn appeared with the same bluntness,

and with the same enlightened mountain in the

dark hemisphere, that it had done on the 25™
December 1789, at 5§ o’clock in the mornine.
Hence he found, that the period of Venus's

daily motion about her axis, must be 23 20/

&9", only about one minute less than that which

is given by Cassini. This alternate bluntness

and sharpness in the horns of Venus, Schroeter plare 11
supposes to arise from the shadow of a high “&-++
mountain. ‘The appearance of Venus, with her
rugged edge and blunt horn, is represented in

Fig. 4, 5.

The luminous margin which we have already Lomivous
wentioned, induced Mr. Schroeter to believe, ®arkia o
that this planet had an atmosphere of a consider- e
able extent. At the interior edge the light be-
comes dim, till it loses itself in a faint bluish
grey, formmg a ragged margin, (as in Fig. 4, 5)
which it is difficult to perceive even with the best
telescopes. This diminution of light is much

-more sensible about the middle 4, than at the
cusps a, b.

On the ™ of September 1790, he observed,
that the southern cusp of Venus disappeared, and
was bent like a hook, about 8" beyond the lumi-
nous semicircle, into the dark hemisphere. “The
northern "cusp had the same tapering termina-
tion, but did not encroach upon the dark part
of the dise. A streak, however, of the glim.
mering bluish light proceeded about 8” along the
dark limb, from the point of the cusp from b to e,

(Yig. 4, 5) & being the extremity of the diameter
a b, and consequently the natural termination
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CHAP. of the cusp. The streak b ¢, verging to a pale
— ey, ‘was faint when compared with the light
g;' tjlrae cusp at b. This phenomenon Mr. Schro-
ter considers as the twilight, or crepuscular light
of Venus. ¢ Thatit is a real twilight,”” says
he, “ will appear from the relative appearances
Atmos.  Of the cusps.  On the 9™ and 12" March 1790,
phere and when the scuthern cusp extended in a hooked
;‘Zﬁ:,g,ht “ direction, into the dark hemisphere, the pale
blue light appeared only at the point of the
northern cusp, and proceeded in a spherical
curve into the dark part. On the 10® of March,
when the southern cusp did not proceed so far,
the pale streak was perceived at both pomts,
but more sensibly at the northern. The bright
prolongation of the southern cusp on the 10™
and 12" of March, must be ascribed to the sclar
light on a ridge of mountains, whence it could
not be strictly spherical. 'When the bright pro-
longation was not considerable, twilight had its
due effect, and the true spherical arc of the dark
limb appeared faindy illuminated.” From these
observations, Mr. Schroeter has calculated that the
dense part of Venus’s atmosphere is about 16.020
feet high ; and he concludes, that it must rise
far above the highest mountains, that it is more
opaque than that of the moon, and that its den.
sity 1s a sufficient reason why we do not discover,
in the surface of Venus, thosc superficial shades
and varieties of appearance, which are to be seen
on the other planets.
perns .p . Jlie planet Venus has generally been consi-
Ao dered as about 220 miless less in diameter than
the Earth ; but it appears from the measurements
of Dr. Herschel, that when reduced to the mean
distance of the Farth, her apparent mean dia-
meter is 187.79, that of the Earth being 17,2,

-
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that is, 8648 English miles, that of the Earth CHaP.
being 7912. This result is rather surprising, ,
but ;ghe observations have the appearancepof a%-‘
curacy. _
. The explanation of the different phases of Method of
Venus has been already given in Vol. I, Welinding her
shall therefore conclude this section, with point-P o

. ing out the method of finding the proportion be-

“tween the illuminated and obscure part of her
disc at any given time. The following rtable,
calculated for this purpose by Mr. Bode of Ber-
lin,* answers for finding the phases of the Moon,
as well as those of Venus,

* See Tables de Berlin, Vol. 111, p. 257.



Tanx—T e enlightened part of the Dicwater of the Moon,
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1o formed at the centre)
o;\";:::;:t;xmngmﬁwn from Venus to the
Sun wnd Rarth.
o 300 1 60° | gor F120° § 150
Parts. | Parts, | Parts. | Parts. | Pares | Pares.
0.0001 0804 | 3.000} 6.000] 9-000{11.190
6001 § 0.857 ] 3.002| 6.104] 9.000[11.247
0.004§ 0.9121 3.184{ 6.209| 9179 }} 1297
0.00g} 0.96g{ 3.277 | 6.313} 9.267 {11,346
0.015] 1.026)] 3.370] 6,415 0.355]11.302
0.023 | 1.085 | 3.405] 6.523 ] G.441 11,437
0.083 | 1.146 | 3.500; 6,627 | 9.526}11.481
0.045} 1.200| 3.636} 6,731 | 9.611 }11.523
0.05¢! 1.272] 3.753| 6.834 ] 0.604 11.5.63
0.074 | 1.337 | 3.850] 6,938 | 9.776}11.601
10] 0,001 | 1.404 | 3.948} 7.041 | 9-85611.038
i 0110] 1472 40471 7.145 | 0.036]11.073 lig
12} 0131} 1.542[ 4.147 7.247 [10.014 {11.700 {18
131 0,154 | 1.612 4.247] 7.34g 10001 [ 1.737 117
1} G.irgl 1.684 | 4.347] 7.451 10167 [11.767 16
15} 0,205 1,758 4,448t 7.552110.242 |11.795 115
161°6.2331 1.833 | 4.540] 7.653 {10.316 |11.821 {13
71 0:203 ] 1.90g| 4.651] 7.753 [10.388 [11.846 113
18] 0.2041 1.086] 4.753| 7.853 |10.458111.860 {12
161 0.327 | 2,064 ¢ 4.885] 7.953 [10.52R 111.890 111
20} 0.362 | 2.144 1 4.459 8.052 §10.50611.904 110
21 u3gy | 2.224 | 5.002] 8,150]10.603 [L1.926
228 0,437 | 2.306| 5.1061 8.247 |10.728 |1 L.g41
231 Q.477 | 2.380] 5.269] 8.344 |10.701 {11.55
241 0.51g( 474 | 5.373 | 8.440[10.854 }11.067
25[ @.503 | 2.559 | 5.4771 8.535 |10.015113.977
200 0608 | 2.045 ] 5,582, 8.650 (10.974 |11.985
27| 0.654] 2.733 } 5.686| 8,723 11.031 |t1.991
28! 0,703 | 2.821} 5.791| B.8186|11.088]11.090
20 0,753 | 2.910] 5.800] 8,008]11.143]11.999
30| 0.804 | 3.000} 6.000! §.000[11.196]12.000
1505° | 1200} go¥ | 60 30° o°
For Venus.—Argument., Angic formed at the centre
of Venus by two lines drawn from: Venus to the Sun
acd Earth.
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The argument of the preceding table, when CHAP.
applied to Venus, is the angle E}rmed ather _ " |
center, by two lines drawn from Venus to the
Sun, and to the Earth. In order to find this espiana.
angle, suppose that another line is drawn joining fion of the’
the Earth and Sun. Then add the angle form- """
ed at the Sun, on the anomaly of commutation,
to the difference between the Geocentric longi.
tudes of the Sun and Venus, and this sum being
subtracted from six signs, or 180 degrees, will
leave the angle formed at Venus. ‘
Let it be required, for example, to find the Example. -
proportion between the enlightened and the dark
riion of Venus's disc, on the 2¢ of August
1809, The Sun’s longitude being then, 4 9° 41”3
the Heliocentric longitude of Venus 11° 23+ 49/ ;
and her Geocentric longitude 2° 24° 2/, as found
from the nautical almanack. Then, as the ano.
maly of commutation is equal to the difference
between the Heliocentric longitude of the planet
and the longitude of the Earth, as seen from the
Sun; we have

Helioc. long. of Venus, - 11 230 4gf
Long. of Earth, subtract - 100 9° 417

et e Wb,
-

Angle at the Sun, or anomaly of commutation, 1* 14° &

Long. of Bun, . - 4 g ar
Geoc. long. of Venus, subtract - 224 ¥
Iiff, between Geoac. long. of the Sunand Venus, 1° 15° 3y
Angle at the Sun, add - - 1 14° @
 Bum subtract, 2% 2ge 47
From six Sigos, & v o

Argument, 3* 0° 13"

or  POP I
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With this argument enter the table, and you will
find 6.000 answering to Y0, and the proportional
parts for 13', found by the rule of proportion, will
be .028, which subtracted from 6.000, as the
numbers in the table are decreasing, leaves
5.977 for the diameter of the enlightened part
of Venus. Her whole diameter being 12.000,
the diameter of the dark part of her disc will
be 6.028 ; so that she is nearly a half Moon,
and not far from her greatest elongation from
the Sun.

Mars.

- The planet Mars is remarkable for the red-
ness of s light, the brightness of its polar re-
gions, and the variety of spots which appear
upon its surface. The azmosphere of this planer,
which astronomers have long "considered -as of
an extraordinary size and density, is the cause
of the remarkable redness of its light.  When a
beam of white light passes through any medium,
its colour inclines to red, in proportion 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 resists
ing medium, while the latter are either reflect,
ed or absorbed. The colour of the beam, there-
fore, when it reaches the eye, must partake of
the colour of the least refrangible rays, and this
colour must increase with the number of the
violet rays that have been obstructed. Hence
we see that the morning and evening clouds

- are beautifully tinged with red ; that the Sun,

Moon, and stars, appear of the same colour
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when near the horizon; and that every lutninous cfzae.
-ohject seen through a mist is of 2 ruddy hue. M-
Now the planet Mars is allowed to have an at--
mosphere of great density and extent, as is ma- -
nifest from the dim appearance bf the fixed stars,

that are placed even at a distance from his disca-

The dim light, therefore, by which Mats is il.
luminated, having to pass tibice through his ate
mosphare before it reaches the Earth, must be
deprived of u great proportion of its violet rays,

and consequently the colour of the resulting light.

by which Mars is visible must be red.  As there

i 2 considerable difference oft colour amonf the -~ .
other ?)Tanets, and likewise ‘mong the fized . o1
stars, are we nat entitled to coficlude, that those

in which the red colour -predotninates, are sur-
rounded -with the greatest, or gensest atmo-
spheres ¢ According to this principle, the atmos-

phere of Saturn must be the nax to- that of.

Mars jn density or extent. . -

_ . After Galileo had discovered xhe phaaes of
Mars, which are mentioned in Chap. 11, p, 33,

Voi. I, Dir. Hoak and Cassini discovered. upon’

the disc of this planet, a number of dark spotsi-

Dy. Hook perceived some trifling cjnges:in:
their, posidon, but Cassini had the: mq of des '
termining. from these changes, that theddiurnal
revolution of the: planet was performe& in 24
houra 40 minutes. . S

.|.' .

T —

. Cm:'u observed, that a star in Aquarius, at the du.
tance of sjx,minutes from the disc of Mara became ¢o faint
before its occultation, that it could not be sepn even with &
three-foot telescope. T'he s#me phenomenon way observed
by Roemar at Parie.  Dr. Herschel considers -the atmos-

here of Mars as leas than has beea generaily l.magmed, but
Ee still regards it as denio and extenpive.

Vol I,

P 1
x
.
.
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CHAP. The luminous zone at the southern’ pole of.
Mars, which had been often noticed by astrono-
mers, was particularly observed by Maraldi,

Te lemi. During six months observations, he found it

e e, subject to'many changes. Sometimes it appear.

y:’lixef * Jbr:ght, at {Jther %lmes faint, and aﬂ:ex? }::;m-

Mars. plete!y disappearing, it returned with its original
brightness. When this spat was most luminous, -
the disc of Mars did not appear exactly round,’”
hut. the bright part of its southern limb titat
terminated this spot appeared to project like a
bright cap, whose exterior arch was a' portion
of .a larger extent than the rest of the planet’s

* . limb. "Fhis appearance resembled exactly -the:
new Moon, when the. dark part of her disc is
enlightened by the Earth, and is evidently an’
optical deception, arising from the same cause.*

In 1719, a favourable opportunity: occurred
for obserumg the spots upon Mars. “When he
was within two degrees of his perihelion, he was-
in opposxnon to the Sun, and appeared superior
to Jupjter in brighmess and magnitude. ‘Ma.:
raldi -observed him at’that time throtigha res
fracting telescope 84 feet long, and saw the ap-’

Plate I, pearance which is represented in Figs. 1,and 2.

Sop-Fig o g long belt extending half way round his. disc,
was ]omed by a shorter belt, forming with it an-
obtuse angle. By the motion of this angular
point, Maraldi found iis daily period tu be. 24P
447, the very same with that of Cassini.

Dr.Her.  Thes¢ lumiitious spots have been observed

whels ob from-1777 10 1783 by Dr. Herschel; whe, by

ax Mass, ascerrammg the changes in their poszt:on, has'
| dgterm:ned the mclmduon of the 33:5, and the

v8ee Chapter IV of this Supplcment, where the pherng-
menea iv cxp}amei.

R raa 7
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~ place of the nodes of Mars. These polar spots-
are represented at ¢ in Figures 3, 4, 3, 6, 7, 8,
9, 10,11, where a is the south polar spot, and
b the north polar one. 1In Fig. 4, the south po-
lar.spot has a very singular appearance,. similar
to what was observed by Md.ﬂildl. - In -conse-
quence of its great splemdour, it seems to pro-
jeet beyond the disc of Mars, produciag a break
at ¢, increased by the gibbous appearance of the
%Ianet. The south polar spot is represented in

igures 5,8, 7, 8,9, 10, 1}, which complete the
whole equatoreal circle of appearances in Mars,
3s they are observed in immediate succession,
These Figures are all connected together in_one
projection, Fig. 12. " * The centre of the circle

CHAP
_-vﬂ—!

marked 17, says Dr. Herschel, * is placed on an 13,

the circumference of the inner c1rcle, by making -
its distance from the centre of the circle marked
15, answer to the interval of time between the
two observations, properly calculated and re-
duced to sidereal measure. The same has been
done with regard to the circles marked’ 18,
19, 20, &c. Avnd it will be found by placing
any of these connected circles, so as to have its
contents in a similar situation with the figures in
the single representation which bear the same
number, that there is a sufficient resemblance
between them; but some allowance must un-
doubtedly be made for the unavoidable dlstor-
tions occasioned by this kind of projection.”s
From the similarity between Mars and the

Earth, in their diurnal moticn, and in the po..

sition of their equator, Dr. Herschel imagines
that the bnght spots at the poles of this planet

—

Phil Tracs. 1784, p. 241,
’ Kg
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oHAP. gre produced by the reflection of the Sun’s Hghe

1.
Mot et

from its frozen regions, and that the melting
of these masses of polar ice, ia the cause of the
variation in the magnitude of the spots. Hence,
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 1788, it had suffered a considerable di-
minution from an exposure of 8 months to the
solar rays. '

As the diurnal rotation of Mars hus been ac-
curately established by the motion of its spots,
it was natural to expect, that in conformity to
the laws of gravity, it should exhibit 2 spheroi~
dal form. Owing to the gibbous appearance of
Mars, there is some difficulty in taking accurate -
measures of the equatoreal and polar diameters
of Mars. Dr. Herschel, however, has succeed-
ed in the attempt, and found that the figure of
Mars was an oblate spheroid, whose equatoreal
diameter is to the polar as 1355 to 1272, or

~mearly as 16 to 15, Dr. Herschel also’ found,

that the inclination of Mars’ axis to the ecliptic,
i 50° 42/, 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/; that the point
Aries on the ecliptic of Mars, answers to our
18° 28’ of Sagittarius ; that the equatoreal dia-
meter of Mars reduced to the mean distance of
the Barth, is 97 8’7, and that the time of his
didrnal rotation is 24" 3%. This remarkable
‘fattening at the poles of Mars probably arises
from a considerable variation in the density of
his différent parts. La Place has computed the
density of this planer to be about 3 of that of the
Earth. '

From the circumstance of Mars’s having no



Ox the New Discoveries in Jupiter. 149

satellite, and appearing to require light in the cHap,

Sun’s absence, M. Fontenelle has imagined that

this planet is phosphorescent, and gives out du- -~

fiing night, the light which it has imbibed in the
ay.

Jupiter,

The planet Jupiter revolves round his axis jupkes.
. in 9 hours, 55 minutes, and 37 seconds. His
form, like that of the Earth and Mars, is an
oblate spheroid, the equatoreal being to the po-
lar diameter as 14 to 13.* This result was ob-
tained from the accurate observations of Dr,
Herschel, and it is a remarkable coincidence be.
tween theory and observation, that from the in-
fluence “of the equatoreal parts of Jupiter upon
the moation of the nodes of his satellites, La
Place has found the proportion between his equa-
toreal and polar diameters to be as 10000000
to 9286992, a result which differs only a very
little from the ratio of 14 to 13, and which we
regard zs the more accurate of the two.

When we look at Jupiter through a good te- Juphter’s
lescope, we perceive several belts or bands ex. el
tending across his disc, in-lines paralle] to his
equator. These appearances werc first ubserved
by two Jesuits, Zuppi and Bartoli. They were
afterwards examined in 1033,by Fontana, Rheita,
Riccioli, - Grimaldi, and Campaui, the last of
whom, on the 1* of July 1664, perceived four |
dark belts, and two white ones. These belts
are variable both in number, distance, and posi-

* According to Castini, the difference of Jopiter’s dia-
Enm is v+ Pound made it yy!yy, Short 2y and New.
] ,l-gu .
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CHAP. tion. Sometimes 7 or 8 belts have been ob-
. % gserved, and on the 28" May 1780, Dr. Her-
" schel perceived the whole disc of Jupiter covered
with small curved belts, or rather lines, that
were not continuous across his disc. This ap-
' ce of the planet, is represented in Plate
Plae 1, 11, Fig, 13, 14. The paraliel belts, however,
8132 are most common, and in clear weather, may be
- seen by a good achromatic telescope, with a
magnifying power of 40. The appearance which
they exhibit in Dr. Herschel's telescopes, is re.’
rig. 13, 16, presented in Figures 15 and 16. Sometimes
" they are interrupted in their length, as in Fig. 15.
At other times they seem to increase and dimi-
-nish alternately, to run inio one another, or to
separate into others of a smaller size, Brightand
dark spots frequently appear in the belts, as re.
presented in Fig. 16, Some of these revolve
with greater rapidity than others, from which
it appears, that they are not permaneént spots

upon the planet itself, '
~ When Jupiter was in his perthelion in 1785
and 1736, M. Schroeter observed his belts with
a four-foot Newtonian telescope, magnifying 150
times. He perceived upon his disc, several new
sppts, which were black and round. In 1787,
he saw two dark belts in the middle of Jupiter’s
disc, and near to them, two white and luminous
belts, resembling those which were observed by
Campani. The equatorial zone which was com-
prehended between the two dark belts, had as-
sumed a dark grey colour, bordering upon yel.
low. The northern dark belt then received a
sudden increase of size, while the southern one
became partly extinguished, and afterwards in-
creased into an uninterrupted beit. The Ipmi.
pous belts also suffered several changes, growing
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sometimes narrower, and sometimes ‘one half cHAP~
larger than their original size. M
Different opinions have been entertained by"_'-—‘
astronomers respecting the cause of the belts and
spots of Jupiter. ; By some they have been re-
garded as clouds, or as openings in the aimo-
sphere of the planet, while others imagine that
they are of 2.morg permanent nature, and are
the marks of great physical revolutions, which
are perpetually agitating and changing the sur.
face of the planet, The first of these opinions
sufficiently explaine the variations in the form
and magnitade 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
spot first observed by Cassini, which reappeared
eight times between the years 1665 and 1708,
couid not possibly be occasioned by any atmo-
spherical varfations; and its disappearance for
five years, between 1708 and 1713, is a pre.
sumptive, though not a decisive argument, that
it arose from some changes in the body of the
planet. We are, however, rather disposed to
think, that from the frequent appearance of this
spot, it is permanent upen the body of Jupiter,
and that its disappearance is owing to the ter-
position of clouds in the atinosphere of the
planet. If it were the effect of an earthquake
or inundation, and if it were the mark of a new
island or continent, as has been conjectured,
upon what principle can we account for its re.
“appearance in 1713, in precisely the same form
and position? May we not then suppose, that
the clouds of Jupiter, partaking of the great ve-

¥ For anather hypothess, ste Philosphi caI Magazi e,
Vol xxv, p- 175,
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locity of his diurnal motion,are formed into strata
parallel with the equartor; that the body of Jupi-
ter 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 different strata of clouds, The
permanent spot seen by Cassini, will of course
only be seen when it is immadiately below one
of these interstices, and will therefore always
appear as if it accompanied one of the belts.®
The four satellites of Jupiter, of which 2 short
accourit hay been already given in Vol. I, may
in general be seen with a telescope which mag-
nifies 80 times, The third and fourth, indeed,
have been scmetimes seen with the naked eye,*
but it is only when the air is uncommonly pure,
that we can expect to be indulged with such a
sight. These small bodies have been observed.
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 astronomers.
could never have anticipated. The tables of
Wargentin, for finding the eclipses of these
bodies, and the more recent and accurate ones
of De Lambre, founded on La Place’s theory of
their mutual attractions, have been of essential

- use t0 geographers in enabling them to deter-

mine with accuracy the longitude of places upon
the surface of the Earth. To astronomers, the

¥

t See Phil. Mag. vol. xzv, p. 175,

2 This spot has always been seen in connection with the
great southern belt of Jupiter, The belt indeed has been
chserved without the spet, but this wae probably owing
1o a warfation in the distance of the belt from the equator
of Jupiter. ’ '
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system of Jupiter dnd his satellites i§ equally in. CHaP.
teresting. Though a century and a half has _*
scarcely elapsed since their discovery, yet from
the extreme shortnéss of their revolutions, they .
present to us those great and interesting changes,
which are not effected in the course of many
genturies in the planetary system. _

The following Table contains a full view of
the elements of the satellites of Jupiter, as dedu-
ged from the theory of La Place, apd from the
fost recent observations of modern astronomers,
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TABLE. of the Elements

L. Sateliite.

1. Saiellite.

Periodical revolution,
Do, do.
Synodical revolution,

1 1gh 277 33"
14 260137787
1418129 35%.94790¢

36-130 130 47
1551181017
I 13 17 53.74803

Motion in 100 Julian
years,

Vircles.

HHISS 77 240 471 45"
10645 7°25% 24 117

Circles.
10285 3% 22° 31 40/
10285 3 23 13 537
|

Epoch for 1700,
Epoch for the mid-
night,beginniog Jan.
1, 1750,

A 2060 18 24"

2 185 15 45

L

4 17° 4 48

10 11 26 49

aily Motion,

# 23% 209 207 184"

-y
L 110 a2 29}1 41\!:;

that of Jupiter be-
_ng 1

Distance of each patel 5.063 0.494
lite, the radius of Ju- 5,07 G000
piter being Unity, 5.548491 §.060458

Apparent mean die- 1" 51" 2 57"
tance,

I nclinationoftheirorbits{ 3° 1% 38 3° 48’ 0

Muan inclination, 30 18 38 3 18 0O

Miameter.of the satel 60 20" 20 427
Jites as seen from the
center of Jupiter at 1820783464 1208731520
their mean distance,

Radiue of the shadon g° 35" 35" o 1’ 33"
in degrees of theord  10° 3 36° 6 17 1w
bits of the satellites

Semiduratien of Eclip LI S 1 ) i 25" 5004
ses, 1™ 10 53.45 1b 28 57.1

‘Time which each satel :
lite tekes to eutes 220".01036 306".20730
the shadow,

I.ongitude of 1he node, 07 147 30 1P 130 45
b7 G, 2 3

Annval motion of the
rode,

Masses of the satellites,|  0.0000173281

0.00X0232353
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T, Satellite. V. Satedlite. -
SA7¢ 3b 42 33 16% 16h. 32° 8" A.ccwdinito Wargeatin
7.154553608 16.68001 9396 Used by L.a Place.
7 3 50 35.86754 |16 18 5 7 0y174
Circles Circler. .
5105 1° 21¢ 19 3742168 6 24° 30" O According to Wargentin
5308 1'22° O 414188 @ 24° 47’ 44" According to De Lambre
6 12° 27* 437 g 74 According to Wargentin
0 10 16 20 2 12 33 4 A ccording to De Lambre
1* 20° 1§ 37 27500 21° 34 10" O |According to Wargentiu
15,141 26.530 A ccording to Newton,
14.38 25.3 According to Cassini.
14.4G18G3 25.43500 Deduced by La Place
from Kepler's law.
4 42¢ B 16 A ccording to Wargentin
3% 25 57 2° 36 o Aceording to Maral:;li.
4° 13 58 2° 36 0 According to Wargentin.
22 28" g 3" H&ccordjng te M. Eailly.
1271710456 56668806 LA ccording to La Place’
theory.
32 43: 58- 20° 8 27 JjAccording to Wargentin.
3 5 8 3° 12 267 According to La ﬁacr‘:
theory.
ot
1" 46 20°3 2* 21" 45"4 . [According toIve Lambre.
1 s gl 26 27 13 According to La Place’s
theory.
604750604 630700762 According to La Place,
10° 14° 24' 10 16° 3y According'to Wargentin,
£.19" | . ST
0.00008684972 0.00004265g1  {Calculated by La Place.
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In looking at the satellites of Jupiter through
a common telescope, they appear to be of dif-
ferent magnitudes, but their diameters are so ex-
tremely small, that it is impossible to obtain an
accurate measure of their diameters by the ap-
plication of the micrometer. The eclipses of
these bedies, however, furnish us with a me.
thod of estimating their magnitude, for it is evi.
dent, that the largest satellite will take longer
time than the smaller ones to enter into his
shadow. In this way M. Builly determined

the diameters which are given in the preceding

. Table. The other measures which follow them

in the same table were deduced by la Place
from the masses of the sateliites, and may be

~ considered as very accurate.® By comparing the

shadows of the satellites when seen upon the disc
of Jupiter, Wargentin found that the 3¢ and
4™ were five or six times larger than the 1™, and
the 1" twice as great as the 2°, According to
Dr. Herschel, the third satellite of Jupiter is
considerably larger than the rest; the first is a
little larger than the second, 3nd nearly the size
of the fourth, and the second is a little smaller
than the first and fourth, or the smallest of the
four. Hencethe Doctor expresses their relative
l 1)

4 Z.f

‘When the brilliancy of the satellites of Jupi.

magnitudes thus, 3..

* ter is examined at different times, it appears to

undergo a considerable change. By comparing
the mutual positions of the satellites with the
times when they acquire their maximum of light,

* See Alem. Aead. 1771, p. 500, 619, 623,
4 See Mvcanique Celeste, tom. iv, p. 171, i7%
¢ Pk, Trams. 1797, Part 11, p. 353.
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Dr. Heradhel concluded, that like our Moon, cHar.
they all turned round their axis in the same time._ "
that they performed their revolution round Ju-
piter, Maraldi had formerly deduced the same
result for the 4° satellite, by observing the pe-
riod of its variations. . ) )

From the theory of the reciprocal attractions Theorems
of the three first satellites, La Place has discover-ﬁ;"ﬁ:"d
ed two very remarkable theorems concerning Flace.
their motions He found, that the mean motion of
the first satellite, added to twice the mean motion
of the third satellite, is rigorously equal to thrice
the mean motion of the second satellite ; that is
mzking m the mean motion of the 1*, m’ that
of the 27, and m” that of the 3°, we have by
the theorem,

. m42m"=3m, or
m42m'—3m=0
By taking the mean motion of the satellites for
100 Julian years, as determined by De Lambre,
Lz Place found, that .
' m42m"—3m'= only g seconds.

a coincidence between theory and observation,
which is truly astonishing. . ,

The second theorem deduced by La Place 1s
equally curious, 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 equal to « semicircle,
er 180 degrees, that is, making { / {’ the mean
longitudes, or epochs of the satellites, we have

fm3i 4 @722 180, by theory. -
By taking the real epochs of the three satellites
for the rnidnight, beginning the 1* January 175G,
as determined by De Lambre, we obtain :
T I3 =180 1 36
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cHAP, This result differs only 63 seconds from thé.
; ,theory ; but the cause of this difference is very
satisfactorily explained by La Place.

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 pos-.
sible, the longitude of the three satellites would
be equal at the time.of their echpse, that is-
I=lI'={", consequently,

l=3i' 4.2/ =0,

which is impossible. When the 2¢ and 3« satel.
Lites are eclipsed at the same time, their longi.
tudes will be equal, that is, ¥ =7’; consequently,
in this case, the theorem becomes_
d=d=1803 _

that is, the difference of the longitudes of the
1* and 2° is 180°, but the 2° being in opposition
to Jupiter at the time of its eclipse, the 1* satel.-
lite must be distant from it 180° ; consequently,
when the sEcoND and THIRD satellites of Jupi-
ter are simullancously eclipsed, the FirsT is al-
ways in conjunction with Jupiter. On the con--
trary, it is obvious, that when the Sun is simul
tanedusly eclipsed by the sECOND and THIRD
sutellites, that is, when they pass at the same
time acraess kis disc, the FIRST sateliite is m ofe.
position to the planet.

By following out this principle, we shall find,
that when the rvirsT and THIRD satellites are
simultaneously eclipsed, the difference between
either of their longitudes and that of the scc. Np
is 60°, for in this case {=¢’, and the equation .
becomes

3

al - - L . —

¢ See Mecanique Celeste, tom. iv; ps 138, 136.
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S sarrewe . o
. L i M= 605 .
In like manner we shall find, that when the
FIRST and SECONDare simultancously ectipsed, the
difference between éither of their longitudes and
that of the THIRD is 90° “or the THIRD is in
quadrature with Jupiter: For in this case /=,
and hence © 7 0
B N
N LN T ,
It is obvious from' these interesting results,
that a2 wonderful provision iy made in the system
of Jupiter, to secure to that planet the benefit of
his satellites. When Jupiter is'deprived at the
same instant of the light of the 1= dnd 2° satel-
lites, or of the' i*'and 3¢, the remaining one
of the three first, cannot possibly be eclpsed at
the same time, But is in such a point of its or-
bit, as to give cohsiderable light to the pla.’
net; ‘The simultaneous eclipse of the 24 and 3¢
satellites forms an exception to this remark, for
at the same instint the 1% satellite. has its dark
side turned to the plaret. Even in this case,’
however, the 1* 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 arising from the want of
the other two satellites, .

We shall now conclude this account of Jupi.
ter’s satellites, with giving the results obtained
by La Place, from a comparison of his formulas
with observarion. : ' .

‘He found that the orbit of the 1" sateflite
moves upon-a fixed plane, which passes constant.
ly between the equator and the orbit of Jupiter,
by the mutual intersection of these two last pFanes,
whose respective iriclination, is 3° 5 30", ic.



160  Onithe New Discoverias in Jupiter.

- GHAP. cording to observation, The inclination of this
or - fixed plane upon the equator of Jupiter, is only
' 65 seconds -by the theory. .The inclination: of
- the -orbit of the satellita to its fixed plane is
: equally semall, so that we may conceive the
1" satellite as io motion npon a plane passing.
through the equator of Jupiter, - Although no.
ekcentricity has yet been detected in the orbit"
of this satellite, yet it partakes a:kttle of the ex.
centricities of the orbits of the 8%and 4™ satel-
lites, for in-consequence of the mutual-action of
all these bodies, the- excentricity belonging ta,
each extends itself to all the rest in proportion -
to their proximity to the most exgentric orbit. -
The orbit of the 2% satellite yoves upon a,
fixed plane, which passes punstalht between the ;
equator and the orbit of Jupiter, and which is in.,
clined to the equator of Jupiter 657.1, and to’
the orbit of the satellite 27’ 4¢9”.2. - The nodes:
of this satellite, bave upon this fixed plane, a.
tfopical retrograde metion, whase period s,
29 vears, 9142, - The excentricity of this satel-
lite is not yet_determined, bur like the 1%, it,
participates in thé excentricities of the 22 and 3¢,
« The orbit of the 8% satellite moves upon a fixs.
ed plane, which passes constantly between the.
equator and orbit of Jupiter, and which is inclined
to the equator of Jupiter 30° & I” 6, and to the,
orbit of the satellite 12 20". The nodes of this
satellite have upon this plane a tropical retro-
grade motion, whose period is 141 years, 789,
- Astronamers had supposed that the orbits of the
three first satellites moved ugon the equator of
Jupiter ; but they found that this equator had a.
small inclination upon the brbit 0?. the planet,;
by the eclipses of the three first'satelfites. This-
difference, of which they did not know the cause,
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La Place has found to arise from the motion of CHAP.
the orbits of these satellites upon planes in-
clined to the equator, at different angles, increa-
sing with their distance from the planet. He
obtained also a similar result for our Moon,
The excentricity of *he orbit of the third satel-
lite, presents very singular anomalies, of which
Ia Place has discovered the cause.

The fourth satellite moves upon a fixed plane,
inclined 24’ 33" tq the equator of Jupiter, and
passing by the line of the nodes of this equator,
between the Jatter plane and that of the orbit
of the planet. - The orbit of the satellite is in-
clined 14’ 58 to this fixed plane ; and its nodes
have upon this plane a tropical retrograde mo-
tion, whose period is 531 years. In conse.
quence of this motion, the inclination of the
orbit of the 4" satellite to the orbit of Jupiter
is perpetually varying. The excentricity of its
orbit is much greater than that of the orbits of
any of the other satellites,

The position of Jypiter’s satellites with respect
to the planet, and the figure of their orbits, as
seen from the Earth, may be casily found, for
any given time, from Tables that are published
in the Tables de Berlin, Their rclative posi-
tion is given in the Nautical almanack, for svery
day when Jupiter is at such a distance frém the
Sun that the satellites can be readily seen; or it
may be easily found, by an instrument called a
Jovilabe, which was first constructed by Flam-
stead, and afterwards by Cassini.f

¢ Flamstead’s Jovilabe is described in the Pil. Trans.
No. 178, and in Whiston’s Longitude Dliscouered, &8c, A
deicrlptlon of Cassini’s may be found in Weidler’s Expiicatio
Jovilabii Cossiniani, 1727, or in La Landc s Astronomy,
tom. ul, l.g‘,-f

Vol. 1. L
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Saturn,

By means of the powerful telescopes of Dr,
Herschel _several very curious and important
discoveries have been made respecting this in-
teresiing planct. S

,The double ring and body of Saturn are re-
presented in Plate II, Fig. 8, as they would
appear to an eye placed in a line at right
angles to the plane of the ring. In Figure 7,
they are represented as they often appear when
seen from the Earth, The double ring consists
of two concentric rings, detached from_each

" other, and from the body of the plapet, the

innermost of which is nearly thrice as broad as
the outermost. The followmng are the dimen.
stons of this luminous zone, as determined by
Dr Herschel,;

Miles,

Ynside diameter of the interior ring, - 146345
Qutaide diameter of the interdor ring,  » 184393
Inside diameter of the exterior ring, - 190248 -
Qutside dismeter of exterior ring, - 204963
Breadth of the interior riog, - 20000
Breadih of the exterior ring, , “ 7200

Breadth of the dark space between the two rings, 283
Diameter of the ring, -the orbit of the Earth be.

ing 1, . . . . 26,8014
Angle which it subtends, whea seen at the mean
distance of the plaget, - 7" 25".332

The ring of Saturn casts a deep shadow upon
the planet. It is sharply defined both in its in-
ner and outer edge, and appears to be more

& See Phbil. Trans. 1792, Part 1,
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lominous than Saturn himself. Hence Dr, Her- cHap,
, ;c‘l}el has concluded, tl_z;tt it is. not any shining .M,
uid, or aurora borealis, as some have conclud-
ed, but a solid body, equal in density to the
planet.  The Doctor is also of opinion, that the
edge of the ring is not flat, but of a spherical,
or rather spheroidal, form. _
"~ In examining the plane of the ring with a-
powerful telescope, Dr. Herschel perceived near
the extremity of its arms or anse, several lucid
or protuberant points, which seemed to adhere
to the ring." At first he imagined them to be
satellites ; but he afterwards found, upon care.
ful examination, that none of the satellites could
exhibit such an appearance; and he therefore
concluded, that these lucid points adhered to
the ring, and that the variation in their position
arose trom a rotation of the ring round its axis,
which he found to be performed in 10* 32 Rotation of
15"4. This result is very remarkable; for if™* ™%
we conceive a satellite moving round Saturn,
ahd having for its orbit the mean circumference
of the ring; and if we calculate, according to the
second law of Kepler, its sidereal revolution, we
shatt find that the duradon of its revolution is
nearly equal to the revolution of the ring. Ac.
cording to Dr. Robison, the inner edge of Sa.
turn's ring should revolve m 11* 16, and the
ouwter edge in 17* 10. Schroeter seems to -~
deubt of the rotation of the ring.
The surface of the ring of Saturn does not
seemt to be exactly plane. One of the ansz

K" Whehi the ring of Saturn wak extremely oblique to the
e, M. Weksier sbatrved upon it several lumingus pointay
" with were' greatef thati’ the delicate Line of light that
forificd the atsd’ of the ringte L .
2
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CHAP. sometimes disappears, and presents its dark
. edge, while the other ansx continued to ap-
pear, and exhibited a part of its plane surface. On
the 9™ October 1714, the ansa appeared twice
as short as usual, and the eastern one much
longer than the western; and on the 12™ Oc.
tober, Saturn was seen .with only its western
ansa. .On the 11® of January 1774, M. Mes.
sier observed both rthe anse completely detach.
ed from the planet, and the eastern one larger
than the other. In 1774, Dr. Herschel like.
wise observed Saturn with a single ansa. From
these observations, it is natural to conclude, that
. there are irregularities on the surface of the
ring,andthat the-disappearance of the ansee arises

from a curvature in its surface.
LaPlaces  These inequalities in the surface of the ring

cory af .

the Ring. are considered by La Place as absolutely neces-
sary for maintaining the ring in equilibrium
round Saturn ; and he has shewn, that if the
ring were a regular body, similar in all its parts,
its equilibrium would be disturbed by the slight.
est force, such as the attraction of a comet or a
satellite; and that it would finally be precipitated
upon the surface of the planet. Hence this ce-
lebrated philosopher has concluded, that the
different rings' with which Saturn is encircled,
are irregular solids, of unequal breadth in dif-
ferent parts of their circumference, so that the
centres of gravity do not coincide with their
centres of figure; and that these centres of
gravity may be considered as so many satellites

I Mr. Short assures us, that with an excellent telescope,
he observed the surface of the ring divided by several dark
concentric lines, which seem to indicate a number of rings
proportional to the aumber of dark lines which be perceived.
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circulating round Saturn, at distances depend. CHAP.
ing on the inequality of the parts of each ring,\ ..,
and with periods of rotation equal to those of
their respective rings. Hence the ring will turn
round its centre of gravity in the same time that
- it revolves round Saturn. It i cbvious, that
the action of the Sun and the satellites of Saturn
upon these rings, ought to produce motions of
precession analogous to those of thv Earth’s
equator ; and that as these motions ought to be
different for each ring, they ought finally to
move in different planes. This result, how-
£ver, is contrary to observation; and, according-
ly, La Place has discovered, that the action of
the equator is the cause which retains all the
rings in one plave. It was from this phenome-’
non, of which the cause is now apparent, that
he ascertained the rotation of the planet, before
Dr. Herschel had determined it by direct ob-
servation.*
Not content with explaining the various phe. Opicions
. T, about the
nomena presented by the ring of Saturn, astro- g o,ien
nomers have travelled beyond the precincts of eftheRing.
their science to explain the manner in which the
ring was formed. Maupertuis has maintained,
that this luminous girdle wasthe tail of 2 comet,
which the attraction of Saturn had compelied to
circulate around him,! Mairan asserted, that
the diameter of the planet was originally equal to
the diameter of its outer ring ; and, that by some
unknown cause, the exterior shell of Saturn
was broken to pieces, which were attracted by
- his body ; But the equatorial parts of the exterior

k See Mecanique Celeste, tom. ii, p. 105, 373, and Mem,
Acad, Par. 1787,
Discours sur la figure des Astres,
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shell remained entire, and thus formed a ring
about the planet. Buffon imagines that the
r’ng is.a part of the equator which has been de-
tached by the excess of centrifugal force. With.
ont spending time to refute such absurd hypo-
thes es, it may be sufficient to observe, that we
m?y as well attempt to account for the forma.
tion' of the satellites as of the ring of Saturn;
that none of them seem to have been the effect
of any a¢cidental cause; and that the most ra-
tional solution of the difficulty is to suppose,
that when Saturn was created and launched into
the heavens, he was at the same instant encir-
cled with a luminoys ring, to answer some im-
portant purpose, which astronomers have not

yet had the sagacity to discover.

The disappearance and reappearance of Sa-
turn’s ring having been already explained in
Vol. I, § 204, we shall conclude this interest.
ing subject, by pointing out the method of deter-
mining the phases of Saturn’s ring for any given
time. The Table which is employed for this pur-
pose, serves also to find the form of the orbits
of the four first satellites of Saturn, as seen from
the Earth. -
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TABLE for finding the apparent figure of the cyap.
ring and the orbits of the four first satellites of 1.

Saturn, ‘ ny—
"Argument Long of Saturn - 13° 43’ 30"
ﬁ' Signa Signs. . Sigos. 3
to o VL 1. ¥IL. | 1L Vit E‘ .
g i—+ |-+ |—+1ia
4] 0,000 0,240 0.451 30
31 0027 | 0281 1 0.464 ¢ 27
6 0.054 0.305 0.476 24
9 i 0081 | 0328 | 0486 | 21
12 | 0.108 | 0348 | G495 | 18
15 0,135 (.369 | 0503 15
18 G101 0.387 0.509 12
21 | o.387 | 0.405 | 0.514 g
24 0.212 0.421 0.518 6
%7 0.236 0.437 0.520 | 3
B0 | 0.260 | 0.451 | 0.521 o
g {xtvo | xawv x| g
A e R Sl I el 4
& Signa. Sigos, Hignk A
& -

In order to find the figure of Saturn’s ring, U of the
add 18° 43 30" to the Geocentric longitude of Vsble.
Saturn, and with this as an argument, enter the
table with the signs at the head or foot, and the
degrees at the side; and the corresponding num-
bers in the table will express the simaller axis
of the ring, the greater axis beirz 1000, This
result, however, requires a correction, which
depends upon the latitude of Saturn. Reduce
" his latitude, therefore, to seconds, and the fourth
part of his latitude, thus reduced being applied
to the preceding result with the sign —if his
latitude be north, but with the sign 4- if his
latitude be south, will give the true apparent
size of the lesser axis of the ring.
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Let it be required, for example, 1o find the
form of Saturn’s ring on the 25™ December
1809, when the Geocentric longitude of Saturn
is 8° 9° 28/, and his Geocentric latitude 1° 37,
or 97 north.

To the Geocentrie longitude of Saturn, 8 ¢° 28’ O

Add the constant guantity, - 13° 43 30/’
Argument, - 8 23° 117 307 .
Which corresponds in the table with - +0.517
Apply one fourth of the latitude, or % —0.024
"T'he smaller axis of !he ring, - +O.54l.

Hence the smaller axis of Saturn’s ring is to -
its greater axis, at the given time, as 541 is
to 1000, sa that the ring will be very ppen on

the 25 December, and may be easily seen with

a telescope.  When the sign - is before the
result, it indicates, that the rnost distant half of
the ring is farther north than the centre of Sa-
turn, and, consequently, that we see the upper
or northern surface of the ring. The opposite
sign -—-mdlcates, that the most distant half of
the ring is more south than the centre of Sa-
turn, and the southern side of the ring is then
visible. | The result which is thus obtained,
marks also the figure of the orbit of the fou:
first satellites of Jupiter.

‘When we look with a gaod telescope at the
body of Saturn, he appears, like most of the
other planets, to be of a’sphercidal form, arising
from a rapid rotation about his axis. On the
14 September 1789, Dr. Herschel measured
his diameter, and found that the equatorial dia-
meter was 22, 8, and the polar diameter 207.6,
which gives t_he proportion of nearly 10 to 11,
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It appears, however, from more recent obser- CHAP.
yations made by the same astronomer, 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 12" April of

that year, he was struck with a very singular
appearance exhibited by the planet. The flat.

tening at the poles did not seem to begin tll a

~ very high latitude; so that the real figure of the

planet resembled a square, or rather a parallel-
logram, with the four corners rounded off deep-

ly, but not so much as to bring it to a spheroid.

After examining Saturn with his telescopes, and

- comparing it with the form of Jupiter, Dr.
Herschel concluded that this was the real form

of the ring.® This form of the planet is re-
presented 'in Plate II, Figure 7. The follow- pléu,
ing are the proportional dimensions of Saturn's 54 ¥& -
disc, ' '

Diameter of the greatest curvature, - 34

Equatorial diameter,’ - . 35
Polar diameter, - - 32
* Latitude of the longest dinmeter, - 43° 20

The surface of Saturn is diversified, like that spots 2ad
of some of the other planets, with dark spots:g:,:f
and belts. Huygens observed five belts, which .
were nearly parallel to the equator. Dr. Her-
schel has likewise observed several belts, which
in general are parallel with the ring. On the
11" November 1793, immediately south of the
shadow of the ring upon Saturn, he perceived a

m Sce Phil, Trans. 1805,
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bright, uniform, and broad belt, ana close to it
a broad and darker belt, divided by two narrow
white streaks; so that he saw five belts, thrée
of which were dark, and two bright.. The dark
belt had a yellowish ring." I'h-se belts gene-
rally cover. a larger zone of the uvise of Saturn
than the belts of Jupiter cccupy upon his surface,

Dr. Herschel has likewise perceived dark spots
upon Saturn’s disc; and, by the changes in their
pusition, has determined the daily rotation of
the planet to be performed in 10% 16 0'.44,°
round an axis perpsndieular to the plene of
the ring. La Place had formerly found from
theory, that the interior ring ought to perform
its revolution in 1¢ hours.* The ring of Saturn,
therefore, revolves in the same time nearly as
the planet, and round the same axis. -

Itis well known, that the flattening at the
poles of the Earth, Jupiter, Mars, and Saturn,
arises from the centrifugal force of their equa-
torial parts.s On account of the great diameter
of Jupiter, and the rapidity of his daily motion,
his equartorial parts move with immense velo.
city; and, therefore, in consequence of their great
centrifugal force, this planet i3 more flattened
at his poles than either the Earth 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,

® Phil. Trans. 1794, p. 28

¢ Phif, Trans. 1704.

P Mem. Acad, 1787,

9 A machine for illustrating this experimentally, Is dee
scy.bed in Ferguson’s Lecinres, Vol. I, Lect, 11, p. 55.
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lies In the plane of his equator, and that it is cHab,
equally, if not more dense than the planet, ™
we shall find no difficulty in accounting for the
great accumulation of matter at the equator.of
Saturn. The ring acts more powerfully upon

the equatorial regions of Saturn than upon any
part of his disc; and by diminishing the gravity

of these parts, it aids the centrif%gal foree in
Ratrening the poles of the planet.  Had Saturn,
indeed, never revolved "upon its axis, the ac-
tion of the ring would, of itself, have been suf.
ficient to give him the form of an oblate sphercid.

The planet Saturn is surrounded with no .
fewer than seven satellites, which supply him with 2:::‘,’;‘“ of
light during the absence of the Sun. The fourih
of these satellites was first discovered by Huy-
gens, on the 25" March 1655, Cassini diss
covered the fifth in October 1671, the third on
23¢ December 1672, and the first and second .
in the month of March 1684. The sixth and
séventh satellites, which werc 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 FEarth, that they can-
not be seen unless with excellent telescopes.
Wargentin saw the five old satcllites with an®
achromatic telescope of ten feet; and on the
19® December 1793, Dr. Herschel saw them
distinctly with a power of 60 applied to his ten
feet reflector. Thesixth and seventh are the small-
est of the whole ; the first and second are the
next smallest ; the third is greater than the first
and second; and the fourth 1s the largest of them
all;  The fifth satellite surpusces all of them but
e fourth in brightness, when it is at its westerg
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SHAP. “elongation from Saturn; but at other times it is
extremely small, and entirely disappears at its
eastern elongation. This phenomenon, which
was at first o%served by Cassini, appears to arise
from pne part of the satellite being less luminous

Variasion than the rest. In consequence of the rotation
e B0t of the satellite and its axis, this obscure part of
'uulbte, of its disc is turned, like the Earth’s, when it is
in the part of is orbit east of Saturny ; and the
Iuminous 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 Moon, and the satellites of Jup:ter, it
turned round its axis in the same time that it
performed its revolution round the primary
, ﬁlanet 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 4.898 semidiameters of the planet,
in 121" 18’ 26”; the second at 6.268 semi-
diameters of Saturn in 24 17° 44/ 5 5173 the third
at 8,754 semidiameters of Saturn, in 4° 12% 28/
1Y the fourth at 20.297 semidiameters of Sa-
turn, in 15° 22* 41 137 the fifth at 59.154
semidiameters of Satum, in 79° 7* 53" 48" ; the
sizth at 3,080 in 23" 87" 23" and the seuent_};
at 8.952 semidiameters of Saturn, in 14 8" 53
g”. The following Table shews, at one view,
the various particulars which are known respect.
ing these satellites,

1

TABLE






1714 TABLE containing the Longitudes Distances, gc.

i_gem,

Ssrentat Satellite. S!xml Satailite. Firsr Satellite. |

Periodical revolution, | 14 8k 53° ¢ [22% 37° 23" 1d 21b 18’ 26,27
Synodicalrevolution, [ 1 8 53 24 (22 37 30 [t 21 1B 34.8
Periodical revolution,| D. D. D.

in days and decim. 0.04271 1.37024 1.88780
Do.in seconds, | 81443” 118389 163106"
Loln;%ts::de It Japuary 1oe 270 53"
Daily mation, 6% 10° 417 53"
Motion for 365 days, 4% 4° 44" 427
Distance in diameters

of the rings, accord.- :

ing to Brudley, _ . 1.0485
fn diameters of Saturn, ,1.540 1.676 2.5465
o mic. and sec. 35,1, 35.1 43".5 )
In French leagues, 44053 . 5§390 65149 |
Inclnation of orbit, 30° 3¢° 30°
Place of node, accord-

ing to La Lande, 58 170 5° 5% 17° 8 5" 170 57
According to Casgini, | 5% 22° 58 229 5% 220
According to Maraldi,| 5° 16° 20/ 5% 160 200 | 57160 o0f
According to Hauy- :

58 20° 30° 5% 16° 3¢/ 5% 20° 30
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Saconp Saicliise.

Taixn Satellise.

Fourrs Satellite.

Froxm Satellite.

ad 17k 447 517 2064 12k 257 11701

154228 417 13,1

rod 7h 537 42778

2 17 45 51.014 12 27 55.2015. 23 15 20.2479 22 3 12.9
D. . D. p. D.
2.73948 3go3it 15.0453 70.3295
23609g1" 4.51749 1377973 6854023
108 70 48 58 250 28 5% 120 20/ 4% 20° 207
4% 110 327 67 1 2% 18° 417 247 { 0% 22° 34” 397| 0* 40 32’ 177
4% 10° 15 107} 3% 10P 57' 57108 200 40° 417 74 6° 23" 87"
1.344 1.876 E 4.340 12.674
3.134 4.377 L 10,1475 20.577
‘611 1”18 3}'!10 8? 42".5
83377 116458 270048 884152
300 500 30° 24° 4%
£ 170 6 5% 17° & 5% 1y & 4 25% 5
5 220 5% 208 5% 230 4% 50
50 160 20/ 50 16° 200 59 16° 20/
5% 20° 8¢/ 5% 200 3¢/ 58 200 30/
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CHAP. - The position of the satellites of Saturn, and
- the figure of their orbits, may be easily found
for any particular dime,by tables of their motions,
calculated by Cassini, and given in the Tables de
Berlin; and from tables, calculated by Dr. Her-
schel, and published in the Philosophical Trans- -
actions for 1790. Their configurations may
also be found by a very simpls instrument called

2 Saturnilabe, which is described in La Lande’s
Astronomy, vol. I, p. 208. '
LaPlees  The theory of the satellites of this planet is less
theors of perfect than that of the satellites of Jupiter. The
Tues of Sa- Gifficulty of observing their eclipses, and of
e - measuring their elongations from Saturn, have
prevented astronomers from determining with
their usual precision, the mean distances and the
‘revolutions of these secondary planets. In the
position of their orbits, however, there is some-
thing very remarkable. 'While the orbits of the
six inner satellites, that is the first, second, third,
fourth, sixth, and seventh, all lie in the plane
of Saturn’s ring, the orbit of the fifth deviates
considerably from this plane. La Place ima.
gines that the accumulation of matter at Saturn’s
_equatorial parts retains the orbits of the six first
satellites in the plane of the equator, in the same
manner as it maintains the ring in that plane,
The acton of the Sun, indeed, tends to draw
‘them from the plane ; but the effect of this ac-
tion becomes sensible only on the orbit of the
fifth or inner satellite, which sufficiently accounts
for the deviation of its path from the general
plane in which Saturn constrains the other satel.
lites to move. The orbits of the satellites of
‘Saturn move, like those of the Moon, and the
sateilites of Jupiter, upon fixed planes, which
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pass constantly by the nodes of the equator and CHAP.

the orbit of Saturn, between their two last
. . N . e . N iy ).
planes. Their orbits preserve their inclination ‘

almost invariable, and their nodes. have a re.
trograde motion nearly uniform.r

t See Meca.n_ique Celaste, torm. iv, p. 173, 185,

¥ol 17, M

L}
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ACCOUNT OF NEW DISCOVERLES, &c. RESPECTING )
THE BODY OF THE 8UN, AND IT3 MOTION IN FREE
BPACE.

“Wsien we look at the Sun with a telescope of CHAW:
moderate magnifying power, furnished with a _""
piece of black glass, to intercept a portion

of the solar rays, we occasionally perceive a
number of dark spots ‘upon its surface, of
various forms and magnitudes, Though these

spots have sometimes been sufficiently large

to be distinguished by the naked eye, yet -
they were not discovered till after the In- '
vention of the telescope, They seem to have

been first seen either by our countryman Har-

riot, to whom the science of algebra was under
great obligations, or by John Fabricius, who
published an account of his observationsin 1611,
at Wittemberg.* The dedication of this work
is dated 13® Jguné 1611 ; but the observations gor o
of Harriot upon the solar spots began on the Hasriot

- 8" of December 1610.> Tt is obvious, indeed, :;ir‘b"‘
from the work of Fabricius, that he had seen

 This work is entitled Joh. Fabricii Phrysii de ‘maculis
in Sole vbrervatis, et apparente carum cum Sole conversione
narratio. Wittebergz 1611, 4to, 43 pag.
v See Ephemerides de Berlin, 17;{8. P+ 154,
) 2

Ly
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the Sun’s spots during the year 1610, but it is
not certain that he saw them before Harriot,
It is a remarkable circumstance, that Fabricius
was acquainted with no method of intercepting
a portion of the solar rays, in order to save the
eye. He observed the Sun when he was in the
horizon, and when his brilliancy was impaired
by thin clouds, and floating vapours; and he
advises those who repeat his observations, to
receive at first a small portion of the Sun, and
gradually to-accustom the eye to a greater por-
tion, till it is able to bear the full blaze of its
iight. When the altitude of the Sun became
considerable, Fabricius was compelled to aban-
don his observations ; 2nd he informs us, that
his eye was so much affected by the impression
of the solar light, that, during the two following
days, he could not see objects with the same
distinctness as formerly. "
At the beginning of the year 1611, Scheiner
and Galileo seem to have observed, about the
same time, the spots of the Sun. Scheiner was
professor of mathematics at Ingolstadt; and hav.
ing accidentally turned his telescope to the Sun,
when thin clouds were flying across his disc, he
perceived 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 Marc Velser, however, who was one of
the magistrates of Augsburg, and to whom Schei-
ner had transmitted a detail of his observations,
published an account of the discovery, on the
5™ January 1612, in three letters, under the
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signature of Apelles post Tabulam. Schemer CHAP.
amagmed that the spots which appeared on tfle
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. Obwern-
Iileo, who had a Iready made many observations ‘c';‘;‘,‘ﬁc‘:f
on the solar spets, and to whom' Velser trans-
mitted a copy of Scheiner’s letters, with the re-
quest that he would favour him with his opinion
of the new phenomena, was at fisst averse to
hazard his sentiments on a subject which might
again provoke the hostility of the church; but,
on the 4™ of May 1612, he at length venturqd
to express his opinjons to Velser, and fo com-
bat the notion entertained by Scheiner,’ of the
cause of the solar spots. Gaﬁleo observed, that
‘these spots were not of a ermaneqt formn, as they
ought to have been if t ey were satellltes but
that they often united, and separated, and in-
creased, and dlSpel‘S&d like vapours or clouds.-
He maintains, that these spots are upon the sur-
face of the Sun; that they describe circles pa-
rallel to each other that the motion of the
round its axis every month, again’ presents the
spots to our view ; that some of the spots com-
tinue one or two days, and others thirty or for-
ty; that they contract in their breadllg when
-they approach the Sun’s limab, without suffering
apy diminudion of their Iength ; and that they
are seldom seen at a greater distance than 30°
from the Sun's equator. GaIileo hkewlse -per-

¢ Scheiner many yeara afterwards pubhahzd a large work
on this aublject, entitled, Ausa Ursina, sive Sol ex admirando
facularum et maculerum sugrum kmameﬂn varis, ¢ Chris.
tophoro Schiiner, Germano’ 3:: o, e socutate Jesu, 1630,

“Folia, 774 pag
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ceived on the disc of the Sun facule or luculi,
which are spots brighter than the rest of his
dgisc, and which move in the same manner as
the dark spots.®

The spots of the Sun have been distinctly ob-
served by astronomers since the time of .Galileo,
and many new and curicus facts have been

.brought to Jight respecting these interesting

henomena. The spots are very various, both -
in magnitude and shape. Most of them have a
very dark nucleus, surrounded by an umbra or

lf-)’vmter shade. The boundary between the
umbra and the nucleus is distinct and .well de-
fined, and the part of the umbra nearest the
dark nucleus is generaliy brighter than the
more distant portion. However irregular be
the outline of the dark nucleus, the outer cir-
cumference of the umbra is always_curvilineal,
without any angles or sharp projections. When
any spot begins to increase or diminish, the nu-
cleus and umbra expand and contract at the
same time. During the process of diminution,
the umbra encroaches gradually upon the nu-
cleus; so that the figure of the nucleus, and the
boundary between it and the umbra, are ina
state of perpetual change; and it often happens,
that during these variations, the encroachment’
of the umbra divides the nucleus into two or.
more nuclel, When the spots disappear, the
umbra continues for a short time visible after

-

4 An-account of Galilcp's observations, willbe foundin
kis book, entitled, Istoria Dimostrazioni, intorno a fi
macchie solari, Roma, 1613, 16 the Breface to this work,
he observes, that he showed the spots in the Sun to several

e ?arimal Bandini, in Apri]
1611,
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the nucleys has vanished, and unless the umbra cHar.
is succeeded by 2 facula, or luminous spot, the L.
place where it disappears resembles the other ~
portions of the solar surface. Large umbra are '
seldom seen without a nueleus in their centre, but

small umbre frequently appear by themselves.

‘When Dr. Long was examining the Sun’simage,
received upon a sheet of white paper, he ob-

served a farge round spot divide itself into two,

which receded from each other with immense
rapidity. The Reverend Dr. Wollaston per-

ceived 2 phenomenon of 2 similar kind, with a

twebve inch reflector. "A spot burst in pieces

when he was observing it, like a piece of ice,
- which, thrown upon a frozen pond, breaks in.
pieces, and slides in various directions.

. Beside these changes in the spots, which are
owing to some cause with which we are yet un-
acquainted, they undergo variations of an op-
tical 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 about 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. This variation in the figure of the spots,

-and some of ‘the other variations already men-
tioned, are represented in Plate I1I, Fig. 17, where piaee 111,
A B is a portion of the Sun’s disc, and a,a, a, are S«ﬁ Fig,
the appearances of a spot on seven successive days, '7"
as observed by Hevelius. Hence 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 of the Sun abont
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his-axis. The time in which any spot returns
to its former position upon the Sun’s disc, 1s

Rotation of about 27 days, 7 hours, and 87 minutes; but

the Sun,
dedheed
from the

as the Earth has, during this.time, advanced in
its orhit from east to west, and in some mea-

mation of syre followed the mation of the spot, the real

hix spota,

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 vanished behind -the western limb of
the Sun; In the course of 27 days, 7 hours,
and 87 minutes, it again vanishes behind the
same limb; but, dunng this interval of time,
the Earth has advanced in tts orbit, and in the
same direction with the spot} and therefore,

when the spot reaches the Sun's western limb,

after one cowplete revolution, the western limb
of the Sun, behind which it vanishes, has shift-
ed in absolute space to the westward, so that
the spot has performed a complete revolution,
and part of a revolution round the centre of
the Sun. We have, therefore, 305 5* 48 -
27° 7" 37", or 892% 18* 25 is to 365° 5 48’ as
274 7" 87, the apparent yevolution of the spots
is to 25" 9 56, the real revolution of the spot, -
or the time in which the Sun performs his rota-
tion about its axis. The axis of the Syn, yound
which this revolution is performed, is inclined
7° 20 to the ecliptic, and the node of the solar
equator is in the 18™ degree of Gemini. The
solar spots are naver seen towards the poles of
that luminary. They are generally confined
within a zone, stretching about 80° § on both
sides of his equator, though sometimes they have
been seen in the latitude of 38° 5,

M. Silberschlag of Magdeburgh made seve.
ral observations on the solar spots in the year
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1768, from-which he draws the sirange con- cHar.
clusions, that they have a motion of rotation, "
and that they change their place on the surface =
of the Sun, independent of his monthly revolu.

tion. He alse concluded, that the spots had

not merely the dimensions of length and breadth,,

but that they consisted of thick masses of opaque

matter.* : _

Galileo, Hevelius,” and Maupertuis,s seem to Theory of
have considered the spots as the sceria floating in the whr
the inflammable liquid matter, of v hich they gon. POt
ceive the Sun to be composed. This opinion,
however, will appear highly improbable, when
we consider the regularity with which the spots
frequently re-appear on the eastern limb of the
Sun, and the effect that the cenirifugal force of
"~ the Sun would have in carrying al] these floating
exuviz to the equaterial regicns. |

M. de la Hire and La Lande, consider the Opioiea of
solar spots as arising from the opaque body of B, Hire
the Sun, the eminences of which are sometimes Laode.
uncovered, in consequénce of the alternate flux
and reflux of the liquid igneous matter in which
that opaque mass is generally enveloped. The
part of the opaque mass which thus rises above
the general surface gives the appearance of the
nucleus, while thase parts of the opaque mass
which lie only a little beneath the igneous mat-
ter, produce the appearance of the surrounding
umbra. . ' '

This theory has been very ably opposed by Dr.Witws's
our learned countryman, the late Dr, Wilson, Theer»
professor of practical astronomy i the uni.

¢ See Bernouilli’s Letires Astronomigues, p. B..
7 Hevelius® Selenographia, p. 83,
" # (Euvres de Maupertuis, vol. §, p. 64.
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CHAP. versity of Glasgow, who maintains, with great
' appearance of truth, that the solar spots are
depressions rather than elevations; and that
the black nucleus bf every spot, is the opaque
body of the sun, seen through an opening in
the luminous atmosphere with which he is
encircled. This explanation was suggested to -
Dr. Wilson by the phenomena of the great so~
lar spot which appearcd in November 1769, and

. - is founded on the following facts: When any
spot is about to disappear behind the Sun’s west-
ern limb, the eastern portion of the umbra first
contracts in its breadth, and then’ vanishes.
The nucleus then gradually contracts and va.
nishes, while the western portion of the umbra
still remains visible, When a spot comes intoview
on the Sun’s eastern limd, 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 umbra 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 nmbra of the largest will be completely
wanting on the side next the small one. If the
large spot have little ones on each side of it,
its umbra does not totally vanish, butsseems
flattened and pressed in towards the nucleus;
but the umbra again expands from this com.
pressed state as soon as the little spots disappear,

- From this cause, Dr. Wilson concludes, that
the western portion of the umbra may disappear

, before the nucleus, when a small spot happens
to appear on the western side of the nucleus,
All these appearances strongly confirm the opi-
pion of Dr. Wilson, that the black part of the



New Discoveries re:spegting the Sun. 187

spots is the dark body of the Sun seen, through CHa®.
an opening in the luminous matter. _ 1L

" The Rev. Dr. Wollaston,and M. de La Lande, —
however, have maintained, that though the umbra
generally varies according to the manner now de-
scribed, yet the phenomenon is not universal, and

cannot, therefore, be employed as the founda-

tion of a system. La Lande mentions three b«
servations of his own, and four observations by

Cassini and De la Hire, in which the umbra did

not vanish, as Dr. Wilson describes it. This
anomaly, bowever, may have arisen from some

small spotsin the neighbourhood of the large

one, and cannot possibly be considered as an
argument, that the spots are not excavations on

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 shelving of the
opening in the luminous atmosphere. .

" In order to confirm experimentally his theory pr. wis
of the solar spots, Dr. Wilson constructed a®en’ssolar
globe, consisting of two strong hollow hemi-
spheres, formed by pasting slips of paper upon
a wooden ball, and afterwards fastened toge-
ther upon an fron axis. A thick paste, made
of glug and Spanish white, were laid, in suc«
cessive coats, upon this outward shell, tll it
~became of considergble 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 made in its surface,
by boring instruments of steel, constructed, in
all their 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 ex-
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QHAP. cavations, were distinguished from the bright.
M- ness of the external surface by a shade of the
encil, which increased towards the external

rder, When this artificial Sun was fixed in

a suitable frame, and examined, at a’ great dis-

tance, with a telescope, the umbra and the nu.

cleus 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 seen by De la Hire on the
8? June 1703, and by Cassini in 1719, made an
indentation, or notch, in the solar disc, which
he conceives to be incompatible with the opi-
nion that this spot was an excavation. Dr.
Wilson, however, has shewn, that excavations
may cause something like an indentation in the
Sun’s limb; and maintains, that the notches do
not always accompany large spots; and that the
unfrequency of their occurrence, and the want
of accurate observations, should preclude as-
tronomers from bringing them forward in sup.
port of any class of opinions,

We concetve that the most irrefragable op-
jection to the opinion, that the spots are emi.
nences, which rise above the :general level of
the luminous matter, arises from the uniform
diminution of the spots, as they.advance from
the central part of the Sun to his western limb.

r If these dark solar mouyntains 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 great-
Iy exceed 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 events, should exhibit pheno-
mena very different from what should take place
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upon the supposition that the spots are depres. CHAP.
sions M the lominous matter. It may be said, ™"
-indeed, that the height of these eminences bears

no preportion to the diameter of their base;

but this is an assumption of which no theorist is
entitled to avail himself.

~ The facule, or parts of the surface of theFaculm,or
Sun which are brighter than the rest of his disc,,;:,gtffam
Yequire to be e¢xamined with good telescopes, San. =
They are generally seen in the places where
spots have appeared ; and sometimes the facula
which envelopes an assemblage of spots, is dis.
tinguished by a very great degree of brilliancy.
These facule, 2ccording to the reverend Dr.
Wollaston, are often converted into dark ones.

He observed a bright facula appear on the east

limb of the Sun, which next day became a
spot.®  He also observed a mottie! appearance

over the face of the Sun, which, though most
visible near the limb, was also perceptible in

the centre, but never appeared towards the
poles. The celebrated &stronomer M. Messier

has made a number of curious observations up.

on the solar faculz. He often saw them en. .

ter upon the disc of the Sun, disappear as
~ they approached the centre, and afterwards

. re-appear on his other limb. In general, they
continued visible for about three days after
they appeared, and were seen, for the same
space of time, before they quitted the Sun’s west-
ern limb. In these faculz, spots generally arise, of
a magnitude proportional to the brightness of
the facula, When this did not happen, My

h See Philosophical Trahaacﬁon;, 1774, vol. G4, 837,
and Anciens Memoires, p. 663.
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cuap. Messier found that the faculz were the pre.
UL cursors of spots, which ordinarily appeared near
the same place on the following day; and hence

‘he was always able to predict the appearance.of
spots about 24 hours before they entered the

Sun’s disc, and to anticipate, from the situation

and brightness of the faculz, the brilliancy and
position of the spots themselves.! ' M. Schroeter

has seen these facula in every part of the Sun’s

limb, but particularly in a zone between 20° of

north and 20° of south solar latitude. They
generally subtended an angle of about two or

three minutes, and always appeared most bril-

liant when they were near the limb.*

Gbeerva-  Such.are the observations which were made
toas of D% upon the solar spots before they were examined
: by the powerful telescopes of Dr. Herschel."
This astronomer continued his observations from

1779 to 1794, and has disclosed a number of
curious phenomena, which throw much light

" upon the nature and construction of the Sun.
Before we direct the attention of the reader to

the several counchusions which the Doctor has
deduced, we shall give an account of the dif--
ferent phenomena which he observed on the
surface of the Sun. It will be necessary, how-

ever, to premise, that he regards the luminous
surface of the Sun as neither a liquid substance,

nor an elastic fluid, but as luminous clouds,
floating in the solar atmosphere; and that he
considers the dark nucleus of the spots as the
opaque body of the Sun, appearing through the .
openings in his atmosphere, Rejecting the old

i See Me;n Acad. Par, 17684,
¥ Beobachtungen, 1789,
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terms, of Spots, Nuclei, Umbre, Facule, &ec. CHAP.
Dr. Herschel has framed a new nomenclature, Uk ;
and comprehends all the solar appearanices un.

der the names of Openings, Shallows, Ridges,
Nodules, Uorrugations, Indentations, and Pores.!

Openings are those appearances, in which the Opeaivgs.

opaque body of the Sun is visible, in conse-
quence of the removal of part of the luminous
-clouds. One of these openings, with a shal-

low about ft, which was seen on the 4 Janwary

1801, a good way past the Sun's centre, is re-
presented in Plate III, Fig. 18. On the western Pt Iir,
side of the shallow, its thickness was visible, g ™%
from its surface downwards; but, on the eastern

side, the thickness could not be seen, the edge

of the shallow only being visible, A section of

this opening is shewn in Fig. 19, where the lines Fig.19.
'‘a b ¢ d f, corresponding with those in Fig. 18, '
are supposed to be drawn from the eye of the
observer. The line d passes through the open-

ing to the opaque body of the Sun. It is ob-
vious, from Fig. 19, that the thickness of the
shallow is visible only on one side, from the po-
sition of the observer’s eye. lLarge openings

are generally surrounded with shallows, though
many openings, and particularly small ones,

have no Shallows. Openings have a tendency

to run into each ‘other; and new ones often
break out near others. Ridges and nodules ge-
nerally accompany openings. Dr. Herschel ima-
gines that the openings are produced by an elas-

tic gas, which issues through the jncipient open-

ings, or pores, and, forcing its way through
them, spreads itself on the luminous clouds.

»See Phil. Trans, 17945 and 1801, Part IL p. 205
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#uA?. The direction of the gaseous stream is often

m,

Bg. .
Fig. az.

Fig-as.
Fig a4.
Fig. 23.

Fig- ¢

dblique ; so that the luminous clouds are drawn
Jatérally, and form a larger shallow on one side.
Openings sometime$ have a difference of colour.
They divide when decayed, and sometimes they
ificrease againi ; but, in general, when they are
divided, they diminish, and disappear, leaving
the surface more than usually disturbed. They
are sometimes converted into large indentations,
4nd not unfrequently iito peres. TFig. 20 re-

‘presemts an opening, with a branch from its

shallow : In the ¢ourse of an hour it assumed
the appearance shewn int Fig. 21. Figl 22 is
ariother opening, with a long shallow. In three
hours it assuimed the appearance in Fig. 23,
and an hour after thiis, an opening appeared in
the shallow, as in Fig. 24. The openings are
generally at their greatest extent, as in Fig.'25,
when the shallows begin to vanish, and the lips,
or projections, to disappear. The divigion of
the decaying opening is shewn in Fig. 26, wheng
the luminous passage across the opening re-

~ Serhbles a bridge thrown over a hollow.

¥g. an

Py 28

Shallows are plices from which the luminous
solar clouds of the upper regions are removed
and are therefore depressed below the generai
level of the sutface 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 al-
ready formed, and go forwards. Fig. 27 shews
the two branchies, 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 shatiow, surrounding
the opening 1), while the shallow A seems to
advance in a diréction towards the opening E.
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In the space of another half hour, the shallow B CHAP.
has completely run into the. shailow about D,

while the shallow A has increased in bre&dthuamm
towards F. The shallow A became afterwardsFig. 29.
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. Herschel concludes, that the shallows are
accasioned by something issuing from the open-

" ings, which drives away the luminous clouds
from the parts where it finds the least resistance,

or which dissolves these cleuds as soon as it
reaches them, The new branch afterwards be-

‘gan to increase, and another branch, marked H,

Fig. 28, began to break out from the shallowplg 18,
around E. These changes Dr. Herschel attri.
butes 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 pro- Fig. 3t
ject from the shallow of the large opening in
Fig. 81, The vacancies batween 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 open.

ing. The shallows have no corrugations, but

are tufted, ke masses of dense clouds. The
decay of the shallows is supposed to arise from

the encroachment of the luminous clouds, ig |
consequence of the enfeebled energy of the gas

or substance that produced them.

Ridges are elevations of the luminous clouds risges
above their general level, or above the general
surface of the Sun. These elevations generally
surround openings, though they have sometimes
been perceived whete openings do not exist.
Ridges soon disperse. . One of them occupied
@ space which subtended 4n angle of 2’ 467,

Vol 1, N
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cHap. ‘corresponding to 75,000 English miles. Dr
. "Herschel ascribes the formation of the ridges to

“v=" the disturbance 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, s0 as te elevate them above |
- their ordinary level.

Nodules.  Nodules, formerly called facule,. or Luculi, |
are small, but brilliant, and highly elevated parts
of the luminous clouds. Dr. Herschel i imagines
that they may be ridges, seen obixquely, or fore-
shortened.

Cermgs-  Corrugations are elevations and depressions

tone. of the luminous matter, having a mottled ap--
pearance, and consisting of light and dark places.
'The dark places appear to be lower than the
bright places; 3 and, in a fayourable atmosphere,
the corrugations may be as distinctly perceived
as the rough surface of the Maon. They ex-
tend over every part of the Sun’s surface. Their
shape and position is perpetually changing, and
they increase, diminish, divide, and vanish
quickly.

Indenta- Indentations are the dark parts of corruga-

tiont. tions ; and from the circumstance of their being
vxslble very near the limb of the sun, it would

~ appear that they arc not much depr&csed below
. the level of the luminous clouds. The sides [
vof the indentations are like circular arches, (See

Fig. 31 Fig. 32), with their bottoms occasionally flar, .

. Indentations are of the same nature with shal- 1
lows, varying ia size, and cametimes 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.

Poren Pores are small holes or openings in the low
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 places of indentations. Sometimes they increase .CHAP.
and become openings, and frequently vanish in i
a short time. '

From these various and interesting facts, Dr. Dt Her:
Herschel has ‘deduced a theory of the solar theory of
phenomena ; which, however ingenious it may the sl
be, is founded on assumptions too arbitrary and k.
gratuitous to be recognised in a science which
admits of no evidence but demonstration. To
suppose that the numerous irregularities on  the

* surface of the Sun,are occasioned by an elastic
empyreal gas which rises through the openings,
ang disturbs the equilibrium of the luminous
nass, is to shew how these irregularities may
be produced by tHe action of a hypothetical
agent ; but it never can be considered as an ex-
planation of the ‘processes which nature is car-
rying on in that immense depository of fire.
But though we cannot. admit the hypothesis
proposed by this learned and ingenious 'astro-
nomer, we are disposed to acquiesce in some of
the important conclusions which he has drawn
from his observations. From the numerous eleva-
tions and depressions of the luminous matter,and
from the length of time during which they are
visible, the Doctor justly infers, that the shin-
ing matter of the Sun is pot a fluid, bur a mass
of luminous or phosphoric clouds. He con-
ceives, from the uniformity of colour in the
shallows, that below these self.luminous clouds,
there is another stratum of clouds of inferior
brightness, which is intended as 2 curtain to
protect the solid and opague body of the Sun
from the intense brilliancy and heat of the lu-
minous clouds. By means of his photometer,
Pr. Herschel found that the light reflected by
t he inferior clouds is 469 out of 1000; and

Ne
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that the light reflected by the opaque body of
the Sun is only 7. Hence, 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 interiar stratum is sup-
posed to protect the inhabitants’ of- the sun
from the fiery blaze of the stupendous furnace
by which they are inclosed.® '

That the Sun may, at the same time, be the
source of - light and heat, and yet capable of
supporting animal life, is one of those conclu-
sions which we are apt to admir without hesi. ~

= 1t is a curious and remarkable fact, that the opinions
of Dr. Herschel, respecting the nature of the Sun, weré
maintained 2bout 22 years ago by 2 Dr. Elliot, who was
tried at the Cld Bailey for shooting Miss Boydell. The
friends of the Doctor maintained, that he was insane,and call-
ed several witnesses to establish this point. Among these
was Dr. Simmons, who declared, that Dr. Elhot had, for
some months before, shewn a fondness for the most extra-

. vagant opinions; and that, in particular, he had sent to him

a letter, on the light of the celestial bgdies, to be commu-
nicated fo the Royal Society. ‘This letter ‘confirmed Dr.
- Simmons in the belief, that this unhappy man was under
the influence of this mental derangement, and s 2 proof of
the correctaess of this opinion, he directed the attention
of the court to a passape of the letter, in which Dr. Elliot
states, ¢ that the light of the Sun proceeds from a dense and
universal aurora, which mey afford ample light to the in.
hobitants of the surface {of the Sun) beneath, and yet be
at such a distance aloft, as not te annoy them. Nooljection,
says he, arisctd to that great luminary being inkabited; ve-
getation may -cbtain there, as well as with us. There may
te water and dry land, kills and dales, rain and fair wea-
ther ; and as the light, so the season, must be eternal; conse.
quently it may easily be conceived to be by far the most bliss-
Jul habitation of the whole system.’ See the Gentleman's
Magazine for 1787, p. 636, SR oo
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tatien, and to cherish with peculiar compla- C"I‘I‘I‘P-
cency. The mind is filled with admiration of __ ___,
the wisdom of God, and swells with the most .
sublime emotions, when it conceives, that, appa-
rently, the most inaccessible regions of creation,
are peopled with animated beings; aund that
while the Sun is the fountain of the most de.
structive of the elements, it is, at the same time,

- the abode of life and felicity. In impressions

of this kind, however, delightful though they
be, we must not rashly indulge, lest we should
afterwards find that we have been admir.
ing an erder of things which does not exist

in nature, and have thus been indirectly reflect-
ing 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 imperfect views, and become the
defenders of opinions, which every subsequent
observation and  discovery will only tend to®
overthrow. ~We conceive, that the opinidn of
the Sun’s being a habitable globe, rests on rea-
sonings of this nature; and as the subject is
surious, and worth examination, we shall endea-
your to place it in its proper light.

When the invention of the telescope enabled Examias.
astranomers to detect the striking resemblances o2 o 2=
between the different planets of the system, ittheory.
was natural to conclude, that as they were com.
posed of similar materials, asthey 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 - existence and intelli-
gence .ta various orders of animated beings.
The buman mind cheerfully embraced this su-
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blime view of creation, and, guided by the prin-
ciple, that nothing was made in vain, man ex-
tended his views to the remotest corners of

‘space, and perceived in every star that sparkles

in the sky, the centre of a new system of bodies,
teeming with life and happiness, and displaying
fresh instances of the power and beneficence of
their Maker.. Having thus traversed the illi-
mitable regions of space, and, considering every
world which rolls in the tmmense void, as the

~ scene .on which the Almighty has exhibited

his perfections, the mind, unable to ‘com-
mand 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 varlous planets
which surround them. These offices were

' reckoned sufficient for the central luminary; and

astronomers were led by no analogy, and by no
consideration of final causes, to view it as the
seat of animal existence: they left it to the
poets to people, with a colony of salamanders,
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 at-
mosphere ;  and the telescopes of -Dr. Herschel
have tended still farther to establish this opi-
nion. 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 nucleus was reserved and fitted for the re.

L]
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ception of inhabitants. This conjecture, how- crap.
ever, is consohant with nothing which we find a1
in nature. It is inconceivable, indeed, that lu. v
minous clouds, yielding to every impulse, and '
in a state of perpetual change, could be the de-
pository of that devouring flame, and that in-
supportable blaze of light, which are emitted

by the Sun; and it is still more inconceivable,

thut the feeble barrier of planetary clouds, could

shield the subjacent mass from the destructive
elements that raged above.* The opacity of the New theo-
interior globe of the Sun, is no reason why ity ©
may not act 2 part in the production, or pre-
servation, of the solar heat. On the consrary,

it appears highly probable and consistent with

other discoveries, that the dark solid nucleus of

the Sun is the magazine from which its heat is
discharged, while the luminous or phosphores-

cent mantle;, which that heat freely pervades, is

the region where its light is generated. Dr.
Herschel's own experiments assure us, that in~

» «If we inquire, says the leamed Dr. Thomas Young,
into the intensity of the heat which must necessarily exast
wherever this combustion is performed, we shall soon be
convinced, that no clouds, however dense, could impede
ite rapid transmission, even to the parts below. Besides,
the diameter of the Sun is 111 times ae great as that of the
Earth ; and at its surface, a heavy bady would fall throngh
no less than 450 feet in a single second ; so that if every
other circumstance permitted human beings to reside in it,
their own weight would present an insuperable difficulty,
since it would become nearly 30 times as great as upoa the
aurface of the Earth, and 2 man of moderate size would
weigh above two tons”, Nat. Phil, vol. 1, p. 50,1, 2.

he quantity of heat which is transmitted to the habit-
able regions of the Sun for the purposes of vegetation, must
necessarily accumulate, till it becomes insupportable, %s
there is no posaibility of ite escaping back to the luminogs
atmosphere.
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visible rays, which have the power of heating,
and which are totally distinct from' those which
produce light, are actually emitted from the
Stm ; and that luminous rays, incapable of pro-
ducing hear, are discharged from the same
source. . These facts, therefore, not only con-
firm the theory which we have stated, but re-
ceive, in return from that theory, the most sa.
tisfactory explanation. The invisible rays which

. pervade every part of the solar spectrum, form-

ed by a prism, and which extend beyond its
yed extremity, are emitted from the opague
nucleus, and, therefore, excite no sensation of
hight an the human retina ; while the coloured
rays which form the spectrumr itself, are dis-
charged from the luntinous. matter that encircles
the solid nucleus, and are, therefore, endowed
with the property of illumination. Hence, it is
easy to assign the reason why the hight agd heat

.of the Sun are apparently always in a state of

combination, and why the one emanation can-

. not be obtained without the other. The heat

projected from the dark body, and the light
emitted fram the luminous atmosphere, are
thrown off in lines diverging in every possible
direction ; so that the two radiations must he uni~
formly intermingled, and as in a stream flowing
from two contiguous sources, the heat must
always accompany its kindred element. Thas
light and heat arve two different substances, dis-
tinguished by different properties, is a proposi-
tion which seems to flow from the most recent.
experiments. We find the invisible heat of the
Sun existing separately from its light, and pos-
sessing a degree of refrangibility less than the
legst refrangible rays of the prismatic spectrum.
Laght has likewise been found separate from
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heat; and though it may be imagined that this
-arises from the extreme attenuation of the light ;
‘'yet when the fight of the Moon is concentrated
by powerful burning mirrors, we ought ces-
tainly to have expected that the heat, if any did
exist, would be appreciable by delicate thermo-
meters. 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 luminary. 'If light and

CHAL.
1.

heat, then, be two different substances, endowed

with different chemical’and physical properties, is
it'not pnphilosophical 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
-erigin ? : :

~ This opinion, which we propose only as a
conjecture, founded on the most probable ana-
logies, will receive considerable confirmation, if
we can adduce any strong analogical arguments
against the supposition that the Sun is a habir.
table world ; for if the nucleus is not fitted for
the reception of living beings, it is the more
probable, that it acts a capital part in the pro-
duction or preservation of the solar heat. Some
arguments have already 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 Sun as a habitable

world, found this opinion upon analogical ar--

guments, we are entitled to avail ourselves of all
the assistance 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’

9
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cuar. of resemblance to the other planets,' which are

| (11
1

regarded as distinctive marks of a habitable
world ; and if we shall find, that any analogy
which " subsists with respect to all the other
planets fails, when appiied to the Sun, we are en-
titled to constder this difference as a preof that
the Sun is not inhabited,

In proceedin% from the remotest of the planets,
to the centre of the system, we find, that a gene-
ral law prevails respecting the densities of the
planets. These densities appear to increase, as
the planet is nearer the Sun. Thus, we have
for the density of the

: Georgium Sidus 22

1067

-Saturn, - i+

. Jupiter, - - 13,
Mars, 3%,
Earth, 4 L,
Venus, 1L
Mercury, Y4

With a single exception in the case of the Geor-
gium Sidus, whose density is not yet accurately
ascertained, the densities uniformly increase ace
cording as the habitable world approaches to the
centre of light and heat. We should, therefore
have expected, from analogy, that the habitable
part of the Sun would have exceeded Mercury
n density; because it is nearer than that planet
to the source of light and heat. This, however,
is far from being the case: the density of the
Sun is only 15%, a little greater than the densi

of water. Here, then, we have a complete brealz
in the analogy which we anticipated; and it is no
objection to this argument, to say, that the situa.
tion of the Sun, in the centre of the system, may
exempt it from the general law of density; be-
cause this is a virtual admission, that analogical
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reasoning, on ‘which Dr. Herschel’s opinion is CHaAP.
founded, cannot be fairly applied in such a case. ™
If the Sun is a habitable globe, we can scarce-
lia\roi_d drawing the conclusion with Dr. Elliot,
that “ it must be by far the most blissful habi-
tation in the whole system.” We should ex-
pect, at least, that the solar inhabitants would
be rational beings, endowed with intelligence
egsal to that of man, and availing themselves of
their central position, to study the interesting
phenomena - of the various planets which re-
volve around them, and of the numerous suns
which their own globe would seem to resemble.
If there is one place in the system more than
another, where astronomy.could be studied with
the greatest facility, and carried to the highest
perfection, that place would be in the Sun,
where, excepting the phenomena arising from
its manthly rotation, the real and apparent mo,
tions of the heavenly bodies must be exactly the
same. But these results of analogy are mere
illusions of the mind : Nature has drawn an im.
penetrable curtain bétween the inhabitants of the
Sun and the worlds which circulate around
them: She has doomed them ta the most soli-
tary dwelling in the whole circle of creation,
and has marked them as either unfit or un-
worthy to enjoy the noblest privileges of intelli-
gent beings. The planetsand the starsare equally
invisible from the surface of this luminary, un-
less when a transient glimpse of the beavens is
obtained through an accidental opening in the
solar atmosphere. From the year 1676, to the’
year 1684, there was not a single spot in the -
Sun’s atmosphere; so that during eight succes.’
sive years, the inhabitants of that globe, if they
do exist, never once obtained a glance of that
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starry firmament, from the contemplation of
which a Supreme Being could scarcely have ex-
cluded any of his rational creation.

"To maintain, fherefore, that the Sun is peo.
pled: by intelligent beings, is to reason in defi-
ance of the strongest analogies, and support
opinions, which posterity will rank among the
aberrations of the human mind, Might we
not as well suppose, that the central caverns of
our own planet, which cosmogonists have filled
with fire or with water, are the abode of a ra-
tional population, who, like the inhabitants of
the Sun, are occasionally permitted to obtain a
transient view of the heavens, through the cra. -
ters of volcanoes, or the chinks and fissureswhich
may accompany the convulsions of the globe.

Before concluding our remarks upon the con-
struction of the Sun, we must take notice of .
anather opinion of Dr. Hershel’s respecting the -
solar spots, which has been less generally re.
ceived than that which we have been combat. -
ing. Imagining that the luminous atmosphere

" of the Sun is the region of light and heat, he

concluded, that when the ridges, corrugations,
and openings in this atmosphere are numerous,
the heat emitted by the Sun must be propor-
tionally increased, and that this augmentation
must be perceptible, by its effects upen vegeta-
tion. He expected, therefore, that in those
years when the solar spots were most numerous,
vegetation would be most luxuriant; and that
this effect might be ascertained from the price
of wheat, as marking the productiveness of the
season. By comparing the solar appearances,
as given by La Lande, with the table of the
‘price of wheat in- Smith’s Wealth .of Nations,
he obtained resnlts which,-on. the. whole, ap-
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pear favourable to his hypothesis. We do not' CHav.
readily see wpon what principle Dr. Herschel '
concludes that the existence of spots indicates
an abundance of luminous matter. We should -
rather have been disposed to think, that in pro-
portion to the number and magnitude 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 there is really an increas.
ed luxuriance of vegetation in those years when
the sola¥ openings, &c. are most numerous, an
opinion 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 sup-
posed to be emitted from the dark body of the
Sun, it is obvious, that when there is any
opening in his luminous atmosphere, the heat
emanating from the internal nucleus must be
more copiously discharged, in consequence of
receiving no obstruction from the luminous
clouds; or, if we regard the variations in the
Sun’s surface as produced by variations in the
heat which rises from the nucleus, we may na-
turally suppose, that when the heat of the Sun
is most intense, it will produce the greatest
changes in the luminous atmosphere.

Dr. Herschel has invented a very ingeniousDarkening
contrivance for moderating the heat and light{PFiras
of the Sun, when it is examined by means ofihe Sun. ©
powerful telescopes.® . He abandoned the com.
mon method of using dark-coloured glasses,-
and had recourse to fluids. For this purpose,

° Phil. T'rane, 1801, p 362
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he employed a small square trough, having, in-
two of its opposite sides, well polished plates of
glass, A small handle on one sade of the trongh,
and a spout in the other, were made, for the-
purpose of pouring out any, portion of the [i-
quid 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 the 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

Sop in the mendian, without the smallest in-
jury 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 observa-
tions,

As the phenomenon called the Zodiacal light
has been generally supposed to arise from the
Sun’s atmosphere, we consider this as the pro-
per place for giving an account of the appear-
ance. ‘Though this light seems to have heen
observed by Descartes,” and by Childrey, about
1659,% yet it did not attract general notice till
the year 1693, when it was observed by Cas-
sini, and received its present name. The zo-
diacal light, which is less bright than the milky
way, is seen at certain seasons of the year, be-
fore the rising, and after the setting of the Sun.

P Principia, § 136, 137,
¢ Britannia Beconica, 1661,
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1t resembles a triangular beam of light, rounded ‘ciav.
a litile at the vertex. Its base is turned towards 1
the Sun, and its axis is inclined to the horizon, —
and lies in the direction of the zodiac. . The
vertical angle of this luminous coné is some-
times 26°, and sometimes 10°; its length, reck-
oning from the Sun, which is its base, is some-
times 45°, and at other times 150°. M. Pingre
saw one in the torrid zone, which was 120° long,
and whose horizontal breadth was from 8° 1o 30°."
The best time for seeing the zodiacal light is
about the 1** of March, uat seven o'clock in the
evening, when the ‘twilight is ending, and the
equinoctial point in the horizon. ' Tthe luminous
triangle will then appear to be directed towards
Aldebaran, as in Plate 111, Fig. 88, its axis form- re. 1,
ing an angle of 64° with the horizon; but if it¥e i
is viewed in the morning, before sunrise, the
angle which it makes with the horizon will be
only 26° In the year 1781, M. Flauzeres ob-
served it in the month of January. On the
21* of March, at half past seven o’clock, it
ended beyond the Pleiades, and was 61° long,
104° broad, and 8° high. According to M.
Foulquier, the zodiacal light is always seen at
Guadaloupe, unless when the weather is bad.

As this phenomenon unifermly accompanies the
Sun, it has been ngturally ascribed to an atmos-
phere round this lumipary, extending beyond the
orbit of Mercury, and sometimes even beyond
that of Venus. The zodiacal light is supposed
" to be a section of this atmosphere, which, be-
ing extremely flat at its poles, cannot be sup-

T See Traité Physique et Historique d¢ L’Aurcre Be»
reale, par M. de Mairan, 1731, 1754.
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posed to partake of the Sun’s monthly motien,
Dr.- Thomas Young® rcmarks, 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 phenomenon,
without any reason, to the refraction of the
Earth’s atmosphere. ‘ :
Besides the revolution of the Sun round his
axis in 25 days, and his irregular motion about -

or his pro-the centre of gravity of the Solar system, he

gresive
motion.

appears to have a progressive motion in absolute
space. As all the bodies of the system neces-
sarily partake of this motion, it can only be
perceptible from a change in the position of the
fixed stars, to which the system is advancing,
or from which it recedes. This change of place,
or proper motion in the fixed stars, as it bas
been called, was first observed by Halley, and
afterwards by Le Monnier. Tobias Mayer,
however, advanced a step farther than rhese
astronomers, He compared the places of about
80 stars, as determined by Roemer, with his
own observations, and he found that the greater
number of them had a proper motion. He was
aware that this change of place might be ex-

plained by a progressive motion of the Sun to-

wards one quarter of the heavens;* but as the

. -

- 4 Lectures on Nat. Phil. vol. i, p. 502,

* Tandem, quum et quari possit, quie hujus motus causa
sit, hoc unum monere visum, illum explicare non posse per
matum totius nostri systematis solards, etai nec impossibile sit
solem, at ejusdem cum fizis nature, instar barum quarwo-
dam, in spatic mundano promoveri, Nam si Sol et cum ipso
planetz omnes nostrumque domicifium terra, recta tende-
rent versus plagam aliquam, universe fixz, quz in ea plaga
adparent, paullatim a ee invicem discedere, ot quez sunt in
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result of his observations do not accord with cyap
this hypothesis, he remarks, that many cen- wun
turies must elapse before the true cause of this ==t
motion is explained, . '
The late Dr. Wilson of Glasgow suggested,
upon theoretical principles, the possibility of a
solar motion ; and La Lande deduced the same
- opinion from the rotatory motion of the Sun:
but these conjectures have been almost com-
pletely confirmed by another species of argu-
~ ment. _
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 those
in the opposite region seem gradually approacha
ing. The proper motion of the stars, there- .
fore, in those opposite regions, as ascertained
by a comparison of ancient with modern ob.
servations, ought to correspond with this hypo.'
thesis, '
Dr. Herschel has examined this subject with
his usual success, and he has certainly discover-
ed the direction in which our system is gra-
dually advancing. He found that the apparent
" proper motion of about 44 stars out of 56 are
very nearly in the direction which should result

opposita parte ceeli coire viderentur; non secus ac per sil-
vam ambulanti arbores qua ante viam sunt, dis‘jnn 1 viden-
tur, qua a tergo, congredi. Hujusmodi commani legi cum
obstzicti non sint hi fixarum motus, ut propius inspecto
abaco patet: Palam est eos non esse mere adparentes aut
ab hac similive communi causa oriundos sed fixis proprios.
Ipsa autem vera atque genuina horura causs forte per plura
adhuc szeula ignorabitur, Mayeri Opera Inedita, vol. i,
P79 ?
Vol. 11 0
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ciAP. from a motion of the Sun towards the constel.

1t

lation Hercules, or, more accurately, to a point
in the heavens, whose right ascension is 230°
5%’ 80”, and whose north polar distance is
400 29 %,

By cons:denng the motion of the satellites
round their primary planets, and of the pri-
nary planets round the Sun, Dr. Herschel sup-
poses that the proper motion of the Sun is not
rectilineal, but that it is performed round some
distant and unknown centre. Just, however, as
the conception appears to be, we can scarcely
allow ourselves to think that there is an im-
mense central body of sufficient magnitude to
carry around it all the systems with which astro. |
nomers have filled the regions of space ; but we
may suppose, with La Linde, that there is a
kind of equilibrium among all the systems of
the world, and that they all have a.periodical
cncuianon round their common centre of gra.
vity.”

We shall have octasion to resume this subject
when we come to treat of the proper motion of
the fixed stars,

e

v See Phil. Trans. 1788, p. 203. Phil, Trans. 1805.
* dstronomic, par La Kande, tom, i, p. 307, , 3883,



CHAP. IV.

lI\f THE XEW DISCOVERIES AND PHENOMENA I¥
TIE MOON,

.F HE motions and the phases of the Moon have CHAe.
been already described in the first volume of.

this work. ~ The proportion between the en- phase of
lightened and obscure part of her disc may the Moo,
be found, for any given time, from the table,
which has been already explained, when treat-
“ing of the Planet Venus. By subtracting the
longitude of the Sun from that of the Moon,

we obtain the Argument of the table, or the
Moon’s distance from the Sun, with which we

enter the table, and take out, in the way al-

ready explained, the proportion between the

dark and illuminated parts of her disc.

If we observe the Moon, in serene weather, Exphane-
when she is about three or four days old, the¥yr ol
part of her disc which is not enlightened by the 2os, ealled
Sun is faintly illuminated by the light that isiicold
reflected from the Earth, and the horns of thethe new
enlightened part appear to project beyond the:”:;‘”
" old Moon, as if they were part of a sphere con-
siderably larger in diameter than the unen.

* Sre page 142 of this volume.

Oz
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CHAP. lightened part® It was long deemed a suffi-
V- . clent explanation of this appearance, to say,
that bright objects affected the retina, to a
greater distance than those which were less lu-
minous ; and that, therefore, as ink sinks upon
soft paper, the image of the bright part of the
Moon expands on the retina, and gives ‘it the
appearance of projecting beyond the darker
portion'of her disc. The explanation of this
phenomenon, as given by Dr. Jurin,c is much
more satisfactory. He supposes that the eye
cannot accommodate itself, with sufficient dis-
tinctness, to view objects at such a distance as
the Moon. The pencils of rays, therefore,
unite before they reach the retina, and will form
an indistinet and enlarged image of the Moon.
It is perfectly demonstrable, and may be proved
by the simpie experiment of looking at- the
figure of the'Moon, cut out of white paper, and
placed upon a dark ground, that when this iu-
minous body is viewed, either at a distance too
remote, or too near, for perfect vision, its image
upon the retina wilt be enlarged, and the illu-
winated part will encroach upon the obscure
poriion, and appear to cmbrace it, in the very
vame way ag it is seen in the heavens. Dr,
. -radamin, however, has taken it for granted, that
" the eye cannot see the moon with perfect dis-
tinctuess 3 a position which, however probable it
may Le, does not rest upon the evidence of ex-
periment.

v This phenomenon is vulgarly, though expressively’
called ¢ T'he Old Moon in the New, Moor’s arms.”* ,’

¢ Essay on Dstinct and Indistinet Vision, in Smith’s
Optice, vol. 1i, Rem. p. 115,
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-'The illuminated portion of the Mocn's disc, CHAP.
when she is three or four days old, .obviously V-
receives its light from the Earth, which, to the
lunar inhabitants, will then appear to be nearly
like a full Moon. As the age of the Moon in-
creases, this secondary light is gradually en-
feebled, both in consequence of the diminution
of the luminous part of the Earth, and of the
increase of the enlightened part pf the Moon.

On one occasion, however, the weather being
uncommonly favourable, we observed the se.
condary light when the Moon was nine days
and fourteen hours old.

This secondary light of the Moon has been Explana.
explained by Riccioli and Professor Leslie, uponjion ef the
the supposmon that the Moon is phosphorescent. in the old
They conceive, that it is impossible to account in Meen.
any other way for the extreme brilliancy of her
disc; and the latter of these philosophers 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 phe-
nomenon, if may be proper to state Mr. Leslie’s
theory in his own words. ¢ After emerging
from conjunction with the Sun, her sharp
horns are seen connected by a silver thread, or
lucid bow,which completes the circle; and a very
faint light seems to be suffused over the inciud-
ed space. This bright arch, however, becomes
- always less vivid; and before the Moon is five
‘or six days old, it has almest totally vanished. -
The pale outline of the old Moon is commonly
ascribed to the reflection, or sccondary iliumina-
tion from the Earth. But if it were derived
from that source, it would appear densest near
the centre, and gradually more dilute towards
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¢HAP. theedge. . I rather should refer it to the sponta-
' neous light which the Moon may continue to
emit for some time after the phosphorescent sub.
stance has been excited by the action of the solar
beams. The lunar disc is visible, although com-
_pletely covered by the shadow of the Earth; nor
can this fact be explained by the inflection of
the Sun’s rays in passing through our atmos-
phere; for why does the rim appear so brilliant?
Any such inflection could only produce a dif-
fuse light, obscurely tinging the boundaries of -
the lunar orb ; and, in this case, the Earth pre.
senting its dark side to the Moon, would have
no power to heighten the effect by reflection.
But even when this refiection is greatest about
the time of ‘conjunction, its influence seems ex-
tremely feeble.  The lucid bounding are is oc-
+ casioned by the narrow junula, which, having
recently felt the solar impression, still continues
to shine, and, from its extreme obliquity, glows
“with concentrated effect.”’®

The phenomenon so well described in the

Phic I, preceding passage, is represented in -Plate Il,
Sep-Fg9- Sup. Fig. 9. where g diluted light appears 1o be
shed over the obscure portion of the Moon’s

disc, while a lucid bow, more bright 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,

ts always much broader than the upper part

at &; and when the Moon has considerable
libration, so as to withdraw from the Earth, a

ortion of the eastern limb, the bow ceases to

be continuous, and the part at & is no longer

o

4 Inquiry into the nature and propagation of hear,

P+ 452, and Note XL1II, p. 537,
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visible. These two appearances, which I have CHAP.
often observed, are suflicient to overthrow the__ =
explanation which has been already given; for,
upon that hypothesis, the lucid bow ought to
have been broadest in the ‘centre, diminishe
ing towards the horms, exactly like the enlight.
ened part of the Moon’s disc, We are form-
nately, however, not confined to arguments of
this kind, satisfactory though they be. The
true explanation of the phenomenon is so simple
and convincing, that it is scarcely possiblé not
to give it an implicit 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 sepa-
rated from the central parts of her disc by dark- -
er regions, and that the luminous portion com-
prehended between these darker regions, and
the circular line which bounds her eastern
limb, has actually the form of a bow, which is
broadest towards her southern limb, and gra-
dually diminishes ig breadth towards her nothern
horn. The immediatercause, therefore, of the
lucid bow,is to be sought for in the accidental cir-
cumstance of the Moon’s eastern limp being more
luminous than the adjacent regtons towards the
center, The central parts of the Moon, indeed, -
are equally luminous with her eastern limb; but
their brilliancy is impaired by their proximity
to the illuminated portion. It is obvious, that
this explanation of the phenomenon, may be
equally just, whether the secondary light of the
Moon is caused by phosphorence, or by reflec-
tion from the Earth, Hence we see the reason
why the bow is broadest at @, and narrowest at
&, and why the libration of the Moon withdraw-
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CHAP, ing the narrow part & of the bow, destroys ity
continuity, This will be easily understood, by
inspecting Plate II, Sup. Fig, 9, and comparmg

' it with the large map of the Moon,

Geseralap-  When we look at the surface of the Moon
pearance of ith a good telescope, we find that its appear-
srface,  ance is wonderfully diversified.  Besides the
large dark spots, which are visible to the naked
eye, we perceive extensive valleys, and long
ridges of highly elevated mountains, projecting
their shadows en the plains below.  Single
mountains occasianally rise to a great height,
while hollows, more than three miles deep, and
almost exactly circular, are excavated in the
plains. The margin of these circular cavities,
is often eleyated a little above the general level,
and a high eminence rises in the centre of the
cavity. When the Moon approaches to her op-
position with the Sun, the elevations and de.
pressions upon her surface in a great measure
disappear, while her disc is marked with a num-
Ler of brilliant points, and permanent radia-
tions. ¢ It is possible to imitate,” says Mr.
Leslie, ¢ the lunar surface, with all its 1rregular i
distribution of light and shade, by 4 very simple
experiment. Introduce a bit of phosphorus into
a glass ball of two or three inches in dlameter,
and having heated it to catch fire, keep wrning
. the ball round, till half the inper surface being
covered with melted phosphorus, the inflamma-
tion has ceased. There is left a whitish crust
or lining, which in a dark place will shine for
some considerable time. Broad spaces will
assume by degrees an obscure aspect, while cir-
cular spots, frequently interspersed, will yet

glow with a vivid lustre.”™ .

=

¢ Inquiry, &c. p. 538,
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"These various appearances have been accu- Cll-!‘ﬁ?-
rately represented in maps of the Moon’s sur-, ,
face. This was first attempted, but in a very Mapsof die
rude manner, by Riccieli. Hevelius, in his Sele. Moon-
nography, afterwards gave more just delineations
of the lunar disc, during the whole of her pro-
gress round the earth. A map of the Moon, as
she appears when full, was drawn by C awm,
and has been copied, though extremely incor-
rect, into most of our modern treatises on astro-
nomony. Fxcellent drawings of the moon were
made by Mr. Russcl; but the most accurate
and complete that have yet been published, are
those of the celcbrated Schroeter, who has given
Lighly magnified views of most parts of the
Moon’s surface. The large engraving of the
Moon, which accompanies this work, was drawn
with great care by the editor, and appears to be
a very correct resemblance of the lunar surface.

As the attention of 'astronomers has been
inuch directed to the nature and construction ¢t

“this luminary; and as an accurate acquaintance
with the spots is nécessary in finding the lon-
gitude from lunar eclipses, we shall give very ex-
tensive tables of the names and selenographic -
position of the spots of the Moon. -

The first table is formed from theobserv ationsof Explana-
Lambert, and contains the longitude and latitude ;:,‘ﬂ::w:,;
of 207 spots, with the names given them by Tabls

Ricciolt' and Hevelius,

The obseryations in the second table were

made by the gelebrated Tobias Mayer. The

positions of -the spots, marked in italics, were
ascertained by a great number of observanons

and were the leading points from which the rest
were obtained. All the spots given in this table
are contained in the preceding one; but the ob-
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CHAP sgervations of Mayer are much more accur:te

V. than those used by Lambert; and the reason
will be readily seen why we have not struck
these spots out of the first table.

The third table ¢ontains 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 comparing the spots of the
Moon, as given by this astronomer, with the
map and table constructed by Tobias Mayer.

The last column of each table contains gene.’
ral remarks on the nature and appearance of
the different spots. The letter E, affixed to the
longitude of the spots, denotes that they are to
be found on the eastern side of the Moon’s
disc, on the left hand of the meridian which
passes through the Moon’s centre ; while the
letter W signifies that they are placed on the
western side of that line. The letter N, affixed
to the latitudes, signifies that the spots are in the
Moon’s northern hemisphere; and the letter S,
that they are placed on the south of the equator.




TABLE L

CONTAINING

THE LONGITUDES AND LATITUDES OF 207
LUNAR SPOTS,

WITH

JEEMARRS ON THEIR POBITION, APPEARANCEF,
ANDSTRUCITURE.
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Names of the Spors, Names uf the Spots, according] | Longi-

according to Ricciolus. to Heveline, tude, -
Plutarchus, Mons Alaunus. 75 W.
Seneca. Mons Alaungs.” 72 W.
Zoroaster. Palus Amadoca. 72 W,
Berosus. Pars M. Amadoci, 70 W,
Mercurius. Lacus hyperboreus inferior. {67 W,
Osimandies. Ad Lac, hyperb, inferior. |07 W.
Firmicus. Paludes amarae. 66 W,
Petavius. Para. M. Nerpsi, MW,
Vendelinus. Petra Sogdiana. 93 W,
Langrenus. Insula major, . G2 W,
Furnerius. Pars M. Paropamisi, a0 W,
Hermes. M. Bodinus. ' 6o W.
Endymion, Lacus hyperboreus superior, {00 W.
Messhala, Pars moptium Riphaeorum, {57 W.
Stevinus. Pars Caucasi inferoris. 57 W.
Geminus, Pars M. Riphacorum. 35 W,
Cleomedes. Pars M. Riphaegrim, 55 W,
Snellius. Fars M. Paropamis;. Fl s W
Fabriciys, . [Pars M. Coibacarani, 52 W,
Mulerigs, Pars M. Coibacaran, 49 W.
Cepheus. : 49 W,
Rhkeita. Pars M. Coibacarani, 48 W,
Atlas, Pars, M. Macrocemnii. 8 W,
Proclug, * M, Corax . 8 W,
‘Taruntiys, Sinus Phasapus,’ 8 W,
Thales, iy W,
Santbeck. : M. Tancon. 47 W,
Goclenius. Pars M, Caucasi. 46 W,
Macrobiug, Mons Cimmeriuas, 46 W,
Hereul. s, Pars M, Macrocemnii, 42 W,
Mutus, ' Desertum Mingui. 12 W,
Democritys, M. Bontas. . 1o W
Metius. ‘ Para M. Ceibacarani, H0W,
Fitiscus, M. Dalanguer. 40 W.
Manzinus, Deserrum Mingui, 10 W,

actemon. Pars montium Sarmaticorum, [40 W,
Alcuinng, M. Hercules, 30 W,
Beda, M. Hercules. 37 W |
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Laatis

28 N.
.58 N.
32 N.
40 N.
44 N.

o

vzZZ

e
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S ERneTaanE

43 S,

General Remarks.
tude,
26 N. [Anuular, with a ridge traversing its southern posi.

tion, in a north east direction. An amnular spot
on its eastern margin,

[Annular, with a regular and an irregular cavity in
its eastern marging

Annular, with large central mountain,
Irregular, open at north margin, cavity at south
margin, mountain at north margin.

Annular, with central mountain. Remarkahle ap
pearance beyond its south-south-west margin.
Annular, with cavity north of the centre, and

spot south of the centre.

Annular, with a break in its western margin, and ag;

annular spot on its south-west margin, :

Annular, with rocks, and a bright radiating spot
beyond its eastern margin.

A Ia.rie annular spot, containing three central rocks,)
with two contiguous annular spots on it north.
eastern, one on its north-western, and two on ite
western margin, Rocks south-east of it.

Southern and northem Cepheus, both annular.

Annular, with central mountzin.
Small annular spat.

Annular, with central spot and cavity on E. margin.
| Annular, with central mountain.

A nnular, with central mountain,

Annnulat, with central mountain.

Annular, with central monntain.
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Tables of the Lunar Spots.

Names of the Spots,
according te Ricciotul

Names of the Gpots, accesding-.

to Hevelins., -

artianus Capella.

Hagecios.
Neander.
Isidorus.
Censonnus.
racastorius,

Possidonins.
Daonysius exiguus.
Schomberger.
Vitritviua,
Piccolomineus.
Stiborius.
Homeling.
Tannerus.
Theophilus.
Pliniuz, -
Cyrillus.

5. Catharina,
Meton.
Riccius.
Hypatia.
Rahbe Levi.
Simpelins.
{Lilir fratros.

T'atius.
Sosigenes.

. [Zagutus.
Altraganus.
Ariadneus.
Dionysius Areopagita,
Sacrobosco.
'T'keon junior.
Barocius.
Maurolycus.
Almaeon.
Theon senior.
Julius Coesar.
IMerelaus.

|Pantanus.

M. Caucasus.

M. Dalanguer. -
Pars montium Sogdianornm.
M. Strobilus.

Pars M. Herculis.

T.acus Thoupitis.

Ineula Macra.

M. Herculis.

Desertum Mingui.
Apollonia major.

Pars montium Sogdianorum.
Pars montium Sogdianorum.
M. Palanguer.

Pars M. Moschi.
Promontorium Archerusia.
Pars M. Moschi.

Pars M. Moschi,

Pars mont. Sarmaticarum,
fars mont. Uziorum.

M. Lipulus,

Pars mont. Uxiorum.

Mons Moschas.
Palus A rcherusia.
Pars mont. Uxiorum.
M. Lipulus.

Parg M. Horminit.
M. Anrtitaurus.
M. Tmolus.

M. Calchastan.
M. Calchastan. .
M. Antitaurus.
M. Horminius.
Palus Archerusia.
Byzantium.

M. Armeniae,

n

1g W,
18 W,
18 W 7
17 W,
17 W,
17 W.
15 W,
15 W,
15 W,
15 W _
15 W,
15 W,

-

a2 W |
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| ias-

code. General Remarks.

88,
54 5.
[33 S,

8 8. : :
2(2] 8. |Large hollow, with cavities soush of it, and commeus
nicating with M. Nectaris, .
a1 N. |Annular, containing an annular spot near its south

32 §. { margin, and one on its west and perth margin,
77 8. with several rocks. .
19 N, [Shallow annular spot, with a low central mountain,
31 8. | and numerous rocks to the north of it.

30 S.
50 8.
65 s. .

12 S. lAnnular, with large central mountain.

16 N. |Apnular, with two central mountains.

13 8, |Irregularly hollow

18 8. [Do. Do, communicating with Cyrillus on the north,
79 N. :
- 40 8.

5 S.
36 S,

9N

Zzwe

-

Annular.

PN X
anozummumqu
my wnEmn

-

-

Annular, with central mountain, 2 high rock on its
south-east, asd two annular spote on its south.

west. It is very luminous from its south-west to
‘its north. east,

b
g=
L re)
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Namcs of the Spots, Names of the Spots, according | Longi-
acearding to Riccielus te Hevelius. tude,
Aristoteles. M. Serrorum. 15 W.
Eudoxuns. M. Carpathcs. 15 W.
-+ |Gemma Frisius. M. Armeniae, 14 W,
Abulfeda. M. Antitzurus, 14 W,
Malapertius, Desertum Mingui. 14 W,
Geber.- Antitaurus, 13 W.
Azophi, Antitaurus, 12 W,
Courtius. M. Techisandam, 12 W,
Agrippa. M. Ida. 11 ' W.
Sulpitins Gallus. 10 W.
Architas. Scopuli hyperborei. 0 W.
Licetus. M. Calchistan. 10W,
. [Calippus. M. Haemuas. {ow.
Manitius, losula Besbicus. 9 W,
Aben lzra. 9 W.
Apianus. Pars Antilibani. 8 W.
Stoeffer. M. Calchistan. 7 W.
Nonius. M. Taurus. 6 W.
Theaetetus. 6w,
Hipparchus. M. Olympus. 6 W.
. |Aratus, Pars Apennini. 3 W.
Hyginus. 5W.
Alliacensis. Pars Antilibanf, 5 W,
- jAlbategnius, M. Didymus. 5 W.
Fernehus, A ntitaurus. 4 W,
Werner. Pars Antilibank. 3W.
Cysatus., M. Techisandam. 2W.
Blzachinus. Antilibanus. 2 W.
Autolycus, M. Montuniates. 2W,
Acristillus. M. Ligustinus. 2 W,
Timaeus. Lucus niger minor. 2 W.
Conon, M. Apenrinus, Jo
Epigenes. Pars ment. hyperboreorum. { O
Cabeus. Desertum Mingui. (o)
Walther. NI, T'abor, - O
' [Orontius. M. Hermon. 1E.
- {Regiomantanus. Pars M. Libani. 2E.
Ptolomaeus, M. Sipylus, 2 E.
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ltn‘:l': . General Renarks,

50 N. |Large and annuler, with high rack on its sowth
margin, an annular spot on its west, and rocks on
its south.east, '

44 g Large and anaular, with high rocks to the east of it.

34 8.

11 8§,

768,

21 8. )

23 S, :

64 S, |Anvular, with rock on its N, E. margia. '

7 N. {Annular, with central rock, and ridges from its N. .
ig N. | a2nd 8. margin,

51 N,

50 8.

3g N. |Annular, with central rock.

14 N. \Large annuler spot, with high margin, and central

21 8. | rock

29 S. '

47 5.

;; Isq'._ Annular, with central spat.

&8, '

25 N.

12 N. [Small anpalar spot.

32 5.

13 S. o

37 5. jAnnular, with small central rock.

30 8. [Alarge and regularly circular spot, with central

65 5. mountaia, ) :

28 8. {An irregular spot, rugged on the west, and con.
nectec% with a shallow one, covered on the emst
with many small anoular spots.

28 N. {Large and decp annular spot, with central spot.

34 N. |[Deep and annular, with central rock. _

55 N, rAnnular. .

20 N. {Deep annular spot in the Appennines,

70 N. |T'wo annular spots, encroaching qun each other,

90 8. "The deepest has three central rocks.

36 5.

42 8,

32 8. |An annular spot, containing two small rocks, and

108. | an annular spot on its west margin.

Fol. Il P
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Nanes of the Spots, Names of the 8 accordin. Laomsgi-
! according to Riccli}:lu to Hcvpei‘tl:;. & tude.
Arzachel. 7 SeeTab.|M, Cragus. 3 E.
Alohkoneus. H. [M. Masncythus A E.
{Purbachiue. Pars Libani. 4 E.
Magious, M. Seir, 5 E.
Archimedes. M. Argentarius. 5E.
T;:ebit. Pro Ae 7 g.
A iug, mont. Aenarium. 7 E,
Mmg Desertum Mingui. g E.
Dantes. 10 E,
Tyche. M. Sinpai. 10 E,
Saseerides. M. Abarim. 0 E.
Profatius. Ins. Rhodus. 10 E.
Plata. Lacus niger major. 10 E.
{Gauricus. M. Tabor. 1t E,
Pilatua. Mare mortuum, 12 E.
Eratosthenes. Ins. Vulcania. 12 E.
Timocharis, Ins, Corsica. 13 E,
Stadius. In Lacu Hercules. 13 E.
Dominicus Maria, In Lacu Hercules. 4 E.
Munosius. ’ Ins. Carpa, 15 E,
Clavius. See Tab, H.|Desertun Hevila. 16 B,
Rbeticus, Pars Lacus Herculei. 16 E.
Anaxagnran {Pars mont hyperbor. 17 E
Pytheas. lus Sardinia, 1g E.
Copersicus. M- JEtna. 19 E,
Junictinus, 1 E,
Molerius. Imsaln Zackhintue, 20 E,
ghﬂlcl;lia;:. 20 E.
ui elnsi. 3. Horeb.
Hassiae, } 0 E.
Bullialdus, See Tab.11,i[nsula Creta, 21 E.
Longomantanugs M. Anna. 22 E..
Rheinhold, M. Neptuniua, 23 E,.
Blancaaus, Desertum Raphidim, 25 E.,.
Rothmann. Mons Prophetarum. 25 B,
Cychus. Ins. Didymae, 25 E.
x

3
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]

':‘:dt: General Remarks.

20 5. {Beautifulepot, with very jrve lar margin, two cen-

15 8. tral cav:?.ioes, and a cgztralgm?ountaing.m

27 S. lAn annular spot, containing three rocks, with an

52 8. ansular spot on ite north margin, asd another on
its south-east margin,

28 N. [Large and deep- annular spot, with high margin,

?: g and high rocks to the south of it.

70 8.

2 N.

43 8.

36 8. |Irregular, consisting of numerous cavities.

23 5. )

52 N. |Large annular spot, high and rugged on its west

33 8, margin, with a- cawity a little north of it, and

24 S. another a little to the west, '

14 N. |Annylar, with irregular central mountains, large
and curious rocks on its west and east margin,
and luminous ridges to the north of it,

27 N. |Anaular, with central spot, and two luminous ra.

4 g - | dations from its south margin,
7 N, . '
2 8. [A remarkable annular-spot, with three large and
60 S, | three wmall marginal cavities, two large central
& N. | cavities, and two small ones. -

78 N. [Large and annular, with 2 high margin on its west

21 N..; side, .

¢ N. jAnsuiar, witha central mountain, and broadmargin,
68. very luminous all round, with numerons rocks
2 8. and mountains scattered on the porth-east of it.

72 N. jAnnular spot.

44 8,

21 S, |Annular, with high cestral mountain, and three

: deep cavities south of it. : :

51 8. [An aonular spot, with a large rock on its north

3 N, | margin, and severalonits south-west margin, Nu-

65 8. | . merous radiations seen to issue from this spot.

40 So : ’

36 8. jAanular cavity, with small spot on its east margin,

There is an annular spot to the south of i, a
gmall deep cavity, in high ﬁmund, to the north
of it, and two cavities on the margin of a half.
formed spot to the went of it,

P2
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Namea of the Spots, Names of the Spots, according | Longi.
according ta Ricciofus. to Hevelius tudo,
HCampanus., Ins. Letoa. 27 E.
apuanus. " [Regio Cassiotis. 28 E.
Landsberg. Ins, Madtha. 28 E.
Helicon- Ins. Errorie. 28 E.
Hortensius, 29 E.
Milichius. 29 E.
Scheiner., Desertum Raphidim, 20 E
Origanus. M. Athos. 0 K.
Morinus. Fretum Sirbonicum. 32 E
Cusantd., 3% B.
Anaximander. 33 E.
{Casatus. 35 E.
gainzelius. Sg %.
ertgonita. 36 E.
Ba}lr:%? 37 E
Bessarion. 38 E.
Heraclides. 35 E.
Kepler. T.oca Paludosa. 38 E.
Gassendus, M. Cataractes. 1g E.
Deriennes,. Ins. Lea, 40 E.
Ecphantus, 42 E.
Schilter. Lacus meridionalis. 45 X,
Aristarchus, M. Porphyrites. 48 E.
Bettinus. M. Hajalon. , 49 E.
Harpalus, ' 29 E.
Kircher. Vallis Hajalon, 49 E
Mersenius. Js0 E,
Zupus, M. Ajax. 50 E,
- Billy, 50 E.
{Christmann, 51 E.
Fontana. M. Sacer. 51 E,
Reiner. . 52 E.
 Linnemanh. M. Thambes. 55 E.
Zucchius. 56 E.
Phocylidess V. Tadnes, a8 E.
!ﬁaﬁlaeus. M. Audus. G s8 E,
arius. Pars montis 'Germa- '
nicani. 58 E.
Victa, |Ad montem Casiem. 61 E.
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:;3;‘" ’ General Remarks,
2g 8. |Annular, with central rock.
33 8. .
2 8. [Araular spot, with a ceatral mountaip.” Two ra-
N diatiops extend from it to Rheishold.
41 N.
6 N. [Annular, with 2 luminous radiation passing south
8 N. | of it, and another oﬁaening from its west margin.
60 S. iAnnular, with central cavity, marginal cavities,
g g and cavities without its margin,
10 5.
13 N.
72 N.
73 8. Long cavity, with central mountains, and three lu-
4; g minous ridges beyond its: E. margin.
} Ld
508
16 N, .
41 N. [High projecting promontory, with a high rock. {
? Nc :
16 S. [Annular; with numerouns rocks south of its centre,
13 8S. and two annular spots on its north margin.
35 N. | It hasa triple rock in ita centre, and high irre-
53S. | gular ground and ridges on its west and east
24 N, | margin. :
64.8. [Arnnular cavity, with central rock,
57 N. [Deep and annular cavity.
68 8. (Annular cavity.
24 8. {Annular cavity, containing a large annalar spot. It
20 8. has a small cavity on its south margin, two apnu.
13 5. | lar spots north.west of it, and four south-west
43 S. of it.
16 8. .
9 N. [Deep and annular. Ridges south of it, and nume-
o rous rocks to the rorth,
45551! g Annular cavity, with central rock.
g N.
12 N. |Deep and annular, with a half formed annular apot

on its south.east, ridges south of it, and high
ground north of it, '
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Names of the Spots, | Namesof the Spors, according | Longi-
aecording to Ricciolos. to Hevelius. tude,
Seleucue, M. Pentadactylus. G2 E.
Sirsalis, 62 E.
Byrgius. 54 E.
Eustachius. 65 E,
Cruger. Fontes amati. 66 E.
Cavalerius. M. Pherme. . (66 E.
Hevelivs. 7 E.
Schickard. M. Troicus. 56 E.
1Grimaldus, Palus Marzo;is. 6¢ E.
Pythagoras. Ad Sinum yper-} :
boreum. 69 E.
Anaximenes. 69 E.
Eichsadiue. Moni Acabe. 70 E.
Cardanus. v 7o E.
Ocenopides. - 71 E.
Ricciolus. . Stagnum Miris.| 72 E.
o Roeca. s E
Bartolus. 82 E
Ceoatratus. g8 E
' Xenophanes. ' lgo E.
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Ceneral Remarks,

ra

. Large anpular spot, with annular cavity.

ot 1t.

Shallow and apnulary with central spot. Two lu-
minous ridges pass from it to Cardanus, one of
them touching the western margin of Seleucua.

Deeply annular, with small annular spot south.east

TABLE L.
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Tabie of the Lunar Spots.

TABLE II, Containing the Longitude and La-
titude of 89 Lunar Spots, us determined by To-

bias Mayer.

Names of the Spots, | Names of the Spots, sccording  [No. of ob-
sccording to Riccols, to Hevelius. servations.
Seneca. Mons Alaunus.

Mercuriug falaus, 1
Mercurius. Eacus hyperboreus inferior. 1
Langrenus. Insula major.
Vendelinua.
Furnerius. Pars montis Paropamiai.
Cleomedes. Pare montium Riphzorum.
Petavius, Petra Sogdiana.

L,
Stevitius. Pars montis Paropamiai.
Endymion. {Lacus hyperboreus superior. | .
Snellius, . Paropamisus.
Taruntive. inus Phasianus.
Athas, Pars M. M. Macrocempiorum.
Proclus, . Corax. 1
Goclenius. . Caucasus.
Hercules, . Pars M. M. Macrocemniorum.
Censorinus,; ars M. Hercules, i2
Fracastorius. *Lacus Thospitiv.
Piccolominius. Pars- M. M., Sogdiznorum.
Possidoniue, Insula Macra, 1
Vitruviua, Apollonia major.
Theophilus, Pars M. Moschi. 2
Cy:i?{:n. Pars M. Moschi.

_ {Pliniuas, {Promont. Archerusia.

{Catharina. . Pars M. Moechi.
Dionysive. Pars M. Horminii. 9
Avristoteles, M. Serrorum. 2
Eudoxus. M. Carpathes. 1
Menelaus. Byzantium. 3
jCalippus, . Aemius.
[Maurolycus.
Abulfedea. Pars. M. Antitauri.
Maniliug. Insula Besbicus, 27
Apianus. Pars Anti-Libani,
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Longitude. | Latitude. General Remarks.
77.26 W.j25. 20 N.|
76. 20 W.135. 2 N.Large and irregularly annular, with a
65. 27 W.45. 21 Nt pointed southern margin, two large]
62.30 W1 7,31 5.1 central rocks, and two smaller ones ;
G2.11 W.L6. 46 8.1 the two largest sometimes appear as
' one ridge, joming the western margin.
58. 10 W.135. 34 S. {Singular appearance on its north margin.
57. 50 WJj27. 18 N.
57. 40 W.j25. 17 S. Long and deep chasm on its west mar-
' gin ; rocks north of ity annular spot,
N with centralmotmtain,ngth-cast of it.
56.21 W.j20. 26 8. |Annular, with large and ‘small anoular
56. 12 W.54. 10 N.| spot on its north-east margin.
5345 W.I133. 31 8. |Annular, with central rock and nume.
47. 10 W} 4. 56 Ni  rous annular spots east of it
47. oWy 11 N
46. 35 W.l15. 48 N.
45.35 W 0. 26 8.
41, 43 W, j45. 58 N.
32.45 W/ o0 685 .
32,31 W.i21. 22 S.
30, 30 W.i27. 53 8.
20. 35 W.132, 44 N.iBetween Menelans and Pliny, stretch-
20. 26 W.i7. 17 N ing south. A strange ridge of rough
26.38 W.11. 25 5. | and luminous grovnd,
24.35 W.it3. 38.
24. 16 W.J15. 44 N.
23.36 W.17. 8 5.
17,17 W] 2. 55 N High rocks, and a high annular mou'ﬁ1
17. 10 W50. 56 N.| tain between Calippus and Theatetus.
16. 24 W j44. 39 N. _
16. s W.ae 25 N.
13,48 W40. 37 N.
13.11 W.ldo. 41 5. 1
12.42W.13. 17 S.
9. 2Wlia. 34 Nf
2. 5 Wl 41 5.

!
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Blancanus.

}Reinho!d.

Dzsertum Raphidim,
M. Neptunus.

Names of the Spots, | Names of the Spots, according | New of o
frccording to Riccinlua, to Heveliue, gcrv:tium-
Stoefierus. M., Calchastan.

Aliacensis, (Pars Anti-Libaui.
Wernerus, Pars Anti.-Libani.
Fernelins. LPars M. Hermo.
Hipparchus. M. Olympus.
A Thategnius, M. Didymus.
A ristillus. M. Ligustinua.
A utolycus. . Montuniates.
Waltherus. M. Tabor. '
Regiomantanus.  {Pars M. Libanon.
Purbachius, Pars M., Libanon.
Archimedes. M. Argentarius. 1
Ptolemaeus. M. Sipylus. 3
Arzachel, M. Cragus.
Alphonsus Rex. M. Masicytus,
QOrontiys. M. Hermo.
- Maginus. M. Seir.
Alpetragins, Promont Enariom. :
Plato. Lacus niger major. 4
T'ycho. M. Sinai. 5
Eratosthenes, Irsula Vulcania.
"Timocharis, Insuls Corsica.
Pitatus. Mare mortuum.
Stadius. Pars Jacus Herculeil.
Clavius. Desertum Hevila.
Deorminicus Mana. - |Parg facus Hercule, 2
Pytheas 2.
Landshergins, ~  {insula Malta.
Rheticus. Pars lacus Herculel. 3
Copernicus, M. Etna.
Longomantanus.  [M. Annae. 2
1Pytheas 1. Insula Sardinia.
Guilelmus Hass.  {M. Horeb.
Landg. 2
Bollialdus. Ineula Creta.
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i

[Longitud:.

Latitude.

Gefieral Remarks,

<

¥ wrmooPPMBB®RAR
[+
[73]

.j39. 52 S.
1Wi2g1s. S.

=t ta

1

L N -]
W0 e Oy

& B3orrbol
n ZpgRn

»

. |20. 30 8,
. 162, 56 §.

2.3t N

« |Chasms and pits on its margin ; chasms

+ |A deep cavity, with central rock south-

{Newton, contiguous to its south mar.

- [Half formed annular spot, with central

Remarkable ridges and streaks to the

Large spor, with irregular margin of]
different heights. -

north . of it.

east of it.  Alphonsus is irregular,
with a central rock, '

gin, appears tobetheremaineof a large
annular spot, like Plato. The high
mountain Pico i3 one of the remains
of its margin.

rock, eeveral marginal cavities, and a

cavity communicating with it on the

north-cast.

The south marginal spot of Clavius has
a central mountain in it, and there is]

a high mountain on its north margin.

of Pytheas.

A long ridge runs from its’ south mar.
gin, across one of the amall cavitiea
south of it, te the half formed spot

west of Cichus.
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Table of the Lunar Spots.

Names of the Spots, | Namies of the Spots, according [No. of ob-
according to Ricciolus. to Hevelius. servations.
Heraclides falaus. 1

yScheinerus. Pars vallis Hajalon.
Heraclides verus. 1
© [Sinus Syrticus.
Kepler. Loca paludosa. 3
|Gassendus. M. Cataractes. 2
- {Harpalus. Tnsula Sinus Hyperb,
 Avistarchus, M. Porphyrites. 5
" |Merrsenius. M. Ajax.
Mariua. M. Germanicianus.
Schickhardus. M. Troicus.
1Galilens. M. Audus.
Phocilides. M. Tadnos,
Pythagoras. Ad sinum hyperboreum. 2
Seleucus. M. Pentadactylus.
HGrimaldus. Palus Maraeotis. 3
Cavalerils, Pars M. Pherme. 1
Hevelius, Pars M. Pherme.
Ricciolus, Stagnum Miris,
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Longitude, | Latitude. General Remarks.

95.30 E. W6. 46 N.JHigh promontory, rising from the plain]

28. 4E.159. 30 8."| of the Simus Iridum.

32. 56 E. HO. 39 N.|High and irregular promontory, with

37,43 E. | 3. 22 N} ndges on its south-east.

la7.45E. [ 8. 4 N.

39.30E. |t7. 20 8.

41. 7E [51.33 N. .

47. 2 E. [23. 40 N.JA deep cavity, with high rocks, and]

49, 49 E. [24. 14 5.| two cavities east of it, and a radia

50, OE. |t1. 55 N.| tion opening from its south-east mar-

52.54 F. {45.15 5. gin. It is the most luminous part

53.43 .| 7. 47 N of the fult Moor. |

58.36 K. |54.12 §

50.25E. |62, 52 N.

62. 40 E. {20. 50 N,

67.30E. | 5. 5 S.|Irregulatlyannular, with broken margin.

67.39 E. | 5. 43 N.}Annuvlar, and in contact with Hevelus.

68. 13 E. | 2. 10 N.\Remarkable spot, containing a central
body like an egg, broken at its N,
end, and a small cavity, Broken}
rocks E. of it, and a singular appear
ance to the W, of it.

75.10E. { 2. 43. S.|Irregularty annular, with zn indente
broken margin to the 5. dark spot

W. of ity and a dark epot within it,

TABLE 111,
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TABLE IIl. Table of the new Names which
- have been given to the anonymous Lunar spots
by Jer, Schroeter, with their positions, as de-
termined by the Editor, from a comparison of
Schroeter’s plates, with Mayer's engraving of
the Moon, and his Tuble of the Lunar spots.

' Names of the Bpote. Longitade, Tatiinde,
¢ La Caille, 0°15' West.  {21° 5 South.
ont Blanc. 020 West. {46  North.

Huygens. - ) 0 30 West. {22 20 North.
Blanchinua. 1 80 West. {22 55 South.
Wolff. t 50 West. |20 52 North.
Bradley. 2 0West. {23 50 North,
asgini. 3 45 West. 139 57 North.
adley. 6 West. [96 50 North.
Kirch, 9 8 West. 50 20 North.
iginus. ‘8 West. 9 North,
odisn. 10 West. 3 North.

Er. Chrigtian Mayer. |10 West. |56 20 North,
JChrigtian Mayer, 0 West, 56 North.
F. Ricciol, Architae. 10 West., |54 North.

Boscovich. - 11 50 West. 15 North.
Silberschlag. 11 55 West. {11 North.
T aquet. 19 5 West, 116 30 North,
Maraldi. 31 24 West. |17 50 North.
Roemer. 31 30 West. {21 30 North,

Christian Gaertner. 32 West. - {57 North.

1Democritus. 25  West. [60 40 Nomth.
Christoph. Arnold, 35  West. |63 Nosth,
Picard. . 53 West. [14 North.

kS
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General Sicuation. General Remarks
'W. of Purhaching, A nnular, and bordered on N, and

Between Cassini and
Newton.

South of Archimedes.

W. of Purbachius, and S.
of De la Caille.

N. of Eratosthenes.

N. E. of Huygens.

N. of Aristillus,

N. E. of Bradley.

N. of Archimedes.

S. E. by S. of Manilius.
5. of Agrippa.

N. E. of Aristotle.
S. of the preceding,
5. E. of Aristotle, and
S. of the preceding.
Between anilius and
Menelaus.

of Boscovich, and
stretching from N, E.
to 8. W.
Between Pliny and Me-
nelaus.
'W. of Vitruviue.
N. of Maraldi.
N. W. by W. of Arls.
totle,
N, W. of Aristotle.
- Nl Nl W. Of Aristoﬂe.
S. W, of the centre of

S.

W. with several anpular spots.
A high rock.

A high rock in the Appenines.

Shallow, but high and irregular]
in the West side.

An elliptical insulated rock,

A high rock in the Appenines.

Anpular, and enclosmg other
two annular cavit

A high rock in the

An insulated rock.

Irregular rock.

A nnular spot, with central emi-

nence,

Irregularly annolar.

Annular.

Annular.

Shallow, and irregularly aonular,

iga.
X}}peninea.

Long and shallow spot.

Small annular apot.

Shallow and annular, h
Annular, with central eminence.
Small, annular, and shallow.

Annular,
Aanular and shallow.
Annular.

s

the Crisian sea.,

Py,
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Names of the Spots, &c Longitede. Latitude.
Palitsch: 579 West. 3°  South
Bernovilli. 58 10 West. {28 i8 Nerth,
Hooke. 58 15 West. 129 48 North,
Math. Hase, 66 5 West, South. ]
Fimart. 66 West. Nosth.
Auzout. 68 West. |i2 North.
ICondercet. HiS Wemt. [12 North.
Albazen, 69  West. hg  North.
Y Alembert Mountaine. | On Moon’s  [Frem 2° 43 S,

Eastern limb. | to 6° South.
Wargentin. 59  East.  [50 South.
Hell. 2 45 East. 131 5 South.
Jac. Cassini. 7 East. 57 South.
Sasseriden. Q East. [3g South.
Newton. g 8 East. |50 20 South.
Pico. g 20 East. 50 South.
Lexell. 10 East. 69 South.
Thomas Street. 10 50 East. {47 50 South.
Bernh. de Fontenelle. il East. |61 North.
Robert Smith. 15 East. 144 10 South.
Heinsius. 16 East. [35. South.
Wurzelbauer. 16 5 East. 32 South..
ICichus. 31 South.

21 5 East.




" [West of Anaxagoras.
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I General Situation. General Remarks,
'North of Furnerius. An enclosed shallow.
5. W. of Geminus. L Anaular, )
Eaast of southern Cepheus.[Iyre, larly anpular.
South of Petavius. Shaﬁct:w and annular, with 2 cen.,

m’-
South coast of the Crid
' @ian sea.
Weat coast of the Crid
#lan sea.

Crisian sea,
East of Grimaldus and|
Riceiolus. ]

East of the straits which|
separate Phocylidesand]
Schickardus, i contact
with the latter, and]
nearly with the former.

East of Regiomantanus,
North-west of T'ycho.
South of Plato.

On the South margin of]
Newton.

South of Anaxagoras.
Between Maginus and
Tycho.

On the Southern margin
‘of Casgini,

South of Wing, and near.)
-ly. touching it.
North-east of Tycho,

o

\

Southeast of Pitatus,
and east of Gauricus.

N E..coast of the Crisianl

*Soutl_:-weat coamt of thejAnnular.

tral eminence.
Annular,

Shallow and annular,
Annular,

These ‘high mountains projectf
diatinctfy beyond the defined

limb of the Moon. -

A nrular and shallow.

Long and irregular,
Deep irregular cavity.
[Annular.

Shallow and annular.
A Jofty pointed rock.

Annular, with a lateral eminence.
Annular, with an anpular apot on
its east and west margin.
Annular, with central eminence.

Annular,

Annufar, with another annular
spot on its southaargin,

Annular, with four long central
eminences, stretching porth and

south,

East of Pitatus, Deep and annular, with high mar-
gin, and three annular spots to-
wards the west.

"ol TT, )
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" Names of the Spots Longtude. Latitude.
Helicon 1. - pie Eat. Po*  Norgh.
Kies. 22 East. &6 South.
Helicon 2. 22 30 East. 0 North
Lambert.

f;)e' Lz Condamine, )5 25 Fast. K8 55 North.
Mauperguis. 05 30 Fest, |47 45 North.
Eubinietzki. 26 ' FEast. [18 30 South.
[Mercator. n6 50 Fast. 126  Sounth,
Campanus. /1] Eat. BR7 South.
Mayer, 28 5 East. {16 8 North.
De Lisle. 20 East. 122 55 North.
De 12 Hire.

Rost. 34 East. 58 South.
Bianchini. iu 50 Emt. 49  North.
Scharpius, 38 20 Esst. 145 55 North.
Vitello, 38 55 East. {20 South.
Horrebow. 40 East. {62 North.
Mairan 40 55 Fast. W0  North. -
Louville. 42 50 East.’ 143 North. '
Doppelmayer. 41 50 Easte 128 South,
Vine. Wing. 42 30 East. |16 South.
Weigel. 46  East. |56 50 South.
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General Situation. General Remarks,
South-west by south ofjAnnular and insulated,
Heruclides Fakue )
{Betwees Cichus and Bul-lAnnular and shallow, with twel

Laldue, and equidie
tant from them.
East of Helicon 1.

)N;nh of Pythess.

North of Heraclides Fal-
sus.

dua.

Between Heraclides Fal.
eus and Condamine.

. E. by E. of Ballial,

. 8. W. of Campanus,

between it and Cichus,

E. of Bullialdus.

« E. of Bullialdus,

[North of Evler,

etween  Schiller and
Scheiner.

etween Maupertuis and
Scharpius.

. E, of Heraclides.
T'welve degrees south of]
Gassendus.

N. W. of Pythagoras,

E.ﬂof Heraclides.
{North of Mairan.

Between Mersennus and|
Vitello, N. W, of Vi
tello

uth ;f Henisins.

high mountains in its margin,
Annular and insulated.

Anaular, with singular ridges,
and a volcago to the N, F.
of it,

Shallow and annular,

Shallow and annular.

{

Two shallow annular spots, with
two rocks N. E. of them,

A navlar and shallow, with irr
gular high ground in its south-

€It MAargin.

Annular, with another agoular
spot, and rough ground in its
western margin. ’

~ {Aanular,

A nnular,

Annular,

Annular and deep.

Annular, and-connected with And
aximander, with a rectangular,

row of spots.
Annular,

Annular and shallow, with a'long

ridge from its north margin,
Annular and very shallow, with

a central eminence, and & apot
_on each side of this eminence,
Arnnular and shallow.

- E. by E. of Rost.

Annular, with & central emipence.}

Annular, with 2 central eminence -

|

Double annular spot,

Q2
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Names of Spots Lengitode, Latirude,
‘Wilson. 48°  East. 70¢  South.
Reinerus. 52 Eagt. {10 50 Nerth,
Pythagoras. 53 30 East, 156 30 North.
Jac. Herman. 57 East. B - North.
Pythagoras Northern. |60 Bast. [03  North.
Pythagoras Eastern. 60 Eunt. [95 North.
Brigge. 63 East. [26 30 North.
HPingré. _ 53  East. [60  Sonth.
Lichtenberg. 55 East. |24 South
Bailly, East, South.
Hausen, East. Sonth.
%\::ﬂ:‘};th ¥ast. South.

apier East, South.
er. 70 Eaat. 7 South,

eo. Wolfg. Krafft. k72 East. [28  North
Gentil. 75  East. 75  Sonth
Gruemberper, East, Soutk.
Short. East. Soutk,
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General Situstien. General Remarks.
3. E., of Scheiner. " tAnnular,
S. E. of Mariua, Annular.

N, E. of Harpalus.
S E. of Reintrus,

8. E. of Pythagoras,
touchin
IN. E. of
touching 1t.
North of Seleucus.
_INorth of Bailly.

E. of Briggs and Seleu-
cus.

E. of Bettinus, Zucchius,
and Kircher.
East of Bailly.

East of Lichienberg.
North of Kaestiner.

North of Zucchius, and
touching it.
South-east of Seleucus,
and N. of Cardanus.
South of Bail,
Between Clavius a.ud1
Moretus. .
South of Moretus, and

Annular, with a long ridge on its

Annular, with central eminence,
it. .

%’ythagﬂms Annular,

Annular and shallow. '
Aunular, with a long ridge from|

Annular,

lAnaular, with a central eminence,
Annular, with a central cavity.

Anoular and shallow, with a deep
annular spot on its W, margin.

N. margin.

its northern margin,
A very long shallow spot, stretch-}’
ing from north to south. Irre-
gularly annular,
Long shallow spot, with several
annular anes within it. .
Extremely elliptical, with two
bright eminences in the centre.

BT
A very long arnular spot, with al
large central ridge. .*
Annular, with two central emi.)
_Dences. :
Annular and shallow, with long]
ridge'from its north margin.

toucbing it.

Aannular, with central eminence.
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“TABLE IV.

Table of the Lunar Spots.

Containing the Names and Po-
sitions of the larger and moreremarkable Spots,
which were supposed to be seas by Ricciolus and

Hevelius.,
Names according to | Namee sccording to | Genersl Postion.
Ricciolus, Hevelins,

Mare Crisium. DPalus Maeotis, 57°W. 165 N, |

Crisian Sea. Lake of Maeotis.

I;‘llare Faecunditatis|Mare Caspium. 50 W. § 5.

Sea of Fertility.  Caspian Sea. L

Mare Nectaris. Sin. Athen, el. Sinizs W. 15 8.

- [Sea of Nectar, exter, Poxti.

M. Tranquillitatis. }|Pontus Euxinus. 130 W, § N.

Sea of T'ranquiliity.|Euxine Sea.
are Serenitatis. |Pontus Fuzinus. [20 W.30¢ N.

Sea of Serenity.  {Euxine Sea.

Lacus Somniorum. [Sinus Cercinetis. 130 W.37 N.

Lake of Dreams.

Lacus Mortis. Montes Peuce, 25 W.48 N,

H.ake of Death,

Palus Somnii, Lacus Coracomaa- |41 W. 14 N.

Lake of Skep. metis.

Mare Frigoris, Mare Hyperboreum.[From! 30 E. to

Sea of Cold. Hyperborean Sea, (40 W. 53 N.

Mare Vaporum.  |Propontis, 6 W. 10 N.

Sea of Vapours.

Sinus Lstuum,  {Mare Adriaticum. | 7 B. «2 N.

Bay of Tides, Adriatic Sea.

 |Mare Nubium, Mare Pamphybuem.|15 E. 20 8.

Sea of Clonds. Pamphylian Sea.

Mare Humorum, 1Sin, Sirbon. ¢ M, 140 E. 25 S.

Sea of Moisture, Lgyptiac.

Sinus Epidemiarum.\lnsula Divymae. $30 E. 22 5.

Bay of Island of Didyme.

QOceanus Procella- {Mare Eoum, et M.{In the Equator,
rum. Medit. Pays. and crosied by
cean of Storms. {Eastern Sea, and the parallels,

part of the Medi.l22 32 50 E,
terranean. :

Mare Imbrixm, - \Mare Medit, Pars 120 E. 30 N.

[Sea of Showers. Sentent.
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Genetal Remarks.,

High in the middle, with a ridge running from its eastern

" to its northern margin,

Al ong spot stretching from N. to 5. with rocks and cas

ities interspersed.

The North Egst part of it covered with annular spots.

Covered with pentle elevations, and with low ridges, which
appear like streaksof light at full Mooa. '

Liong imegular blackish spot N. W. of M. Serenitatis,

A small faint blaek spot, with some annular spots.

A pale spot, containing several small anvwlar ones

Small black spots.
Interspersed with small rocks and cavitjesd

Covered with rocks and with ridges on its Ne E. extremity.|

This name is given to all the large spots between 107
south and 20° north, and lying to the east of the paraliel
of 20° east,
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Nzames umrdir;g to
I Ricciolus,

Names according to | General Position,
Hevelins,

iSium Fridum.

Bay of Rainbows.

Sinus Roris.

Bay of Dew.

Terra Pruine..

Land of Hoar
Frost.

Terra Siccitatis.

Land of Drought.

Palus Putredinis,

von.
Patus Neblarum,
Lake of Fogs.
Terra frrondinis

Land of Putrefac.

The Land of Hail.

Sinus Apollinis.  |31° E. 44°N.,
Bay of Apolls.
Sinus Hyperboreus, 145 E. 50 N.
Northern Bay.

4

27 E. 4 N.

‘The last five names :
have been intro-{40 E. 62 N.
duced by Schroe-

tet. 0 25 N,
2 W. 31 N.
0 50 N.
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Ceneral Remarks,

A small semicircular valley.
{Containing Farpalus, &g,

South of Autelycus.

Between Autolycus and Aristillue.

Lying between Plate and Cassini, and covered with nu.)
merous rocks.
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CHAP  Having thus given a full tabular view of the
1v. names, positions, and general appearance of the
mountains and spots on the Moon’s surface, we
shall now proceed to give an account of the dif.
ferent phenomena which may be discovered by

a minute examination of her disc.

Astronomers have not been contet with
merely inspecting the surface of the Moon,
they have even attempted to measure the height
of the mountains, and the depth of her cavi-
ties; and though on this point thereis a difference
of opinion, greater than might haye been ex-
pected, the results are still highly curious and
nteresting.

Ricciolos  Ricciolus proposed to measure the mountains
:::;"::fi:: of the Moon, when she was in quadrature with
the Lunar the Sun, or when the half of her disc was illu-
Mountzint minated. He supposed DAE to be the side of
Phe tv, the Moon that was turned to the Earth, or the
Fig.2  circle DAE to be a section of the Moon per.
pendicular to the boundary of light and darkness,
and DA the half of her hemisphere, that was il
luminated by the Sun. Then, if M be 2 moun-
tain placed in the dark part of her disc, and
viewed by an observer on the Earth, at O, it is
obvious, that whenever its summit becomes vi-
sible to the spectator, it must be illuminated by
a ray of the Sun SMA, which is perpendicular
to BA, 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 MA, the space between
the luminous vertex of the mountain, and the
enlightened part of the Moon’s disc, we shall
have the two sides AM, AB, of the right angled
triangle AMB to find the third side BM, and
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consequently, CM,; the height of the mountain, cHar.
or the excess of BM above BC. By the 47® of _I"-_,
the first book of Euclid, we have AM*{ AB*=

BM*. Hence, BM==,/AM'+AF’, but BM=
CM4+BC; consequently, CM4BC=,/AM*
+AB:, and CM=,/AM*{- AB*—BC,

As this method is applicable only when the Dr. Her-
Moon is dichotomised, it is necessary to have a ' ==
more general method of ascertaining the alti-
tude of her mountains. This defect has been
supplied by the following simple and ingenious e 1v.
method, suggested by Dr. Herschel, and ap-¥& 3
plicable in every part of the Moon’s orbit. Let
DAE be the hemisphere of the Moon which is
turned to the Earth, and DA the visible portion -
of the enlightened hemisphere FDA. 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 summit M
of the mountain, and the illuminated disc at A, we
shall havetheangle subtended by Ar,from which,
it is easy to ascertain the length of AM, in parts
of the Moon’s radius, Produce OM to =.
Draw Am [_Jarallel to O n, and let A r be paral-
lel to m =, it is obvious that the angle SMn,
or its equal ABD, is the elongation of the
Moon from the Sun, and that Am, is the sine-
of the angle of elongation. Now, the right angled
triangles AM~, and ABm, are similar, from

_the equality of the angles at M and B there-
fore, we have Am : AB=Ar: AM. Hence,
AMxAm=ABxAr and AM=2EXA" p,, 5
the distance between the enlightened summit of
the mountain, and the illuminated part of the
Moon’s disc, is equal to the projected distance,
as measured by the micrometer, divided by the
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cHaP. eine of the Moon’s elongation from the Sun, ra-
V- dius being unity. .

Dr. ngschelymmsured 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 few, he
found that the general height of the mountains
does not exceed half amile. The following are
a few of his measurements :

Miles.

A rock near the Lacus Niger of Hevelius, - 1
Auntitavrue, - - - x
Mount Lipulus, . - - 3
Que of the Apppennines, between lake Thrasimenus

and the Euxine gea, . . - - 13
Mona Armenia, near Taurus, . - %
Mons Leucaptera, - . - z
Mons Sacer, - - - - 1%

The altitude of the mountains obtained by the
two preceding methods, is evidently not taken
from the general level of the Moon’s surface.
When the solar rays, which illuminate the sum-
mit 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 CM is the height above the level of
the point A, and is, consequently, top small, by
the quantity which A is raised above the general
level of the Moon’s surface. On the contrary,
if there are any hollows at A, which permit the
rays of the Sun to reach the vértex of the moun-
tain sooner than they would have done had the
ground at A been level, we then get the height
of the mountain from the bottom of these hol-
lows ; a result too great, by the quantity which
thege cavities are depressed below the Moon's
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surface. Both these cases, particularly the first, CHAP.
must frequently occur, and will require no small V-
address in the practical astronomer, to apply

the necessary corrections.

A method different from any of the preced-
ing 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 darkness, or advance to the meridian,
From the distance of the mountains from the
boundary between light and darkness, we pre-
sume, that he finds the altitude of the Sun above
their horizon, and thus deduces the altitude of
the mountains. In this way, he has measured
not only the lunar mountains, but likewise, the
depth of her immense cavities ; and it appears
from his observations, 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 pre.
sent the reader with the variods measurements
of Schroeter, relative to the height, and the
breadth of the base of insulated mountains; cen-
tral mountains, annular mountains, the heads of
annular mountains, and stratified mountains, and
likewise with the depth and breadth of the lunar -

gavities,



254 Table of the Heights

T ABLE 1, Containing the Height and Breadth
of Insulated Mountains, the Height of the
Moow’s - dimosphere being 1.622 Miles, and
the Height of the more dense Part, which pro.
duces Twilight, being 381 English Miles,

Reference to Names of Inrolated Height, in
Schroeter's Plates. Mountains, English miles,

5,007
5.018
4.047
4.886
5.007
Doerfel. 4.874

: 4.656
Reook. 4,686
4.880
4.680
4.571
4.517
4317

Leibnitz.

e kBT R
LI .

0-'!3 o w
p——

> Mountains of D’ Alembert. 3.630

3.469
- 3.226
3.277
2.313
2.313
Huygens, 4.014
Calippus East, 3.183
B 3.081

Bradley. 8277
Mont Blanc, Qggig

) 2.

Fadley, 2.404
Wolff. 2.301

Mmuwoeoa

A
-

e
taymed

In the Crisian Sea. 2.179
Near Theatetus. 2.179

| -]

=

East of Purbachius. 2.058
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Length of the:
| ngl.i:lzl

Base, in B Gemeral Remarks,
toiles
36.88  {None of these seven mountains appear m1
46.10 Schroeter’s platey.
32.27
23.05
29.96
62.23
27.66
2305  [On the Moon’s exstern himb, in Iat. 24° 5,
20.74
27.66 .
17,29
27,66 A round mountain, with & lower one on
- its sputh side.
27.66  |Steep on its south side, with a hollow.
96.8F . |A long ridge, of equal height.
17.20
12.68 4, o, f, g, b, on the same limb.
27.66 '
20.74
32.2} :
41.49 1A round rock in the Appennines.
23.05 :
27.66 A round wock north of Copon, and ditto
13.83 east of Conon.
14.98  |Part of abroken nidge,
11,52
9.22 Rocks in the Ap ineg,
36.88 [An elliptical roc with & chasm in ita}
southern extretmty.
16.13 - Eliptical rock near its eastern margin.
27.66  |Large mountain, with high rock on its
south-east.
11.52 Large mountain.
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© Reference to Names of tnsalated L:‘;qh:,m 4
8chroeter’s Plates. Moantains lish mileg

« Weat of Geminua. 1.902
bb 5, E. by E, of Eudoxm. | 1.966
A 1.055
'} AIP. ' 1-&3
y 1471
. PiCOo 1.816
r South.eant of Eratosthenest 1.810
u ear Plato. 1.400
Mayer Promont. 1.290
8 Near Mare Seren.’ 1-280
Promoant. Alp. 1.145
Heraclides Falsua. 1.140
H 1.140
5}‘ Alp. 1.095
d Near Aristarchus. 1.000
B Near Newton. 1.332
u - {Near Theatetus; 1.174
k Alp. 1.120
? In the Crisian Sea. 1.120
e I.114
‘} INear Mar, Serenit. 1.059
3 Near Aristarchus. 1.02g
DeLaCaille, in theMiddle. 0.853
De La Hire, 0.823
dd Near Aristotle, 0.700
i Near Eratosthesnes. 0.771

f Lichteoberg. 0.707
g Near Fontenelle. 0.635
3 Near Archimedes. 0.611
jNear Hortensius. 0.503
X Near Euler. 0.575
- Near Plato. 0.575
m Near Thebit. 0.303
i Near Euler. 0.381
f Near Thebit, 0.375

. .33

ﬁ} Kies. 0.242
* {Near Doppetma yer 0.127
v Near Balhaldus, 0.127
b Near Hermann. 0.127
Near Doppelmayer. 0.025
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fLength of thei
} Base in English encral Remarks.
miles, '
| 34.57 '
i 18.44  [Large rock, stretching from east to west.
§.32
14.98
13.83
9.22  [High insulated rock on S. marg, of Néwt,
34.57 Large mountain, touching EratostHenes,
19.59  |East of Plato.
18.44  |Large rock. «
1729 ,
0.22
g.O:l' High peak upon a lofty promontory.
16.13
17.29
20.37 East of Aristarchua,
11.52 8. of Pico, in the margin of Newton.
9.22  [|Part of the ridge W. of Theatetus, and
14.98 8. of a emall annular spot. .
9-22  [N.E of Picard.
&.15 See Schroeter, Plate LVII.
5.76
10.37  |Part of the high ridge N.E of Aristarchus.
19.3¢  |See Schroeter, Plate XXIX.
10.37 A brilliant mountain, like a volcano.,
18,44 A long narrow mountain S.E. of Axistotle,
10.37 East of Eratosthenes.
.91 bn its ' W. margin, E. of Seleucue,
3.46
13.83 WSemcimﬂar ridge 8. of Archimedes,
11.52  |Large rock N.N.E. of Hortensins,
4.61 S. of Euler, and nearest it,
5.76 North of Mont Blanc.
9:22  [Semicircular ridge E. of Thebit.
8,07 |S.W. of mountamn A, and N. of B.
11.52  |S.E. of Thebit.
346(15 Moauntains on the S.E. margin of Kies.
8.07 .
3.40 North of Bullialdus,
5.76 '
10.78
Vol 11, R
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TABLE 1I. Containing the Herght of Central
Mountains, and the Length of their Base.

Reference to Names of the central ‘Helght in

Schrocter's Plates, Mountains Bngﬂh Miles-

w A rzachel. 1.459

C |Alphonsus. 1.332

B [Pythagoras. 1.211

. . JAlbategnius, 1.150

Walter, 0.999

x Arzachel 0.623

¥ Alphonsus, 0.6423

Vitello. 0.357

Gassendi. 0.278

e fig. 1. [Doppelmayer. 0.208

Y T'ycho, ' 0.600
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Length of their
;ng_:-: tish General Remarks

10.37 A high and long rock, with a higher
thin the rest, whose ahadagsakis ﬁfe &
black spot in the rock.

8.76  In the annular cavity south of Alphonsus.

16.13  [See Shroeter, Plate XXVI.

P hill h

9.22  jA very irregular hill, with two
stretching north and west, and a :l:lﬂ
annuler cavity near each arm.

10.37 A small annular mountain.

16.18 A zmal] round rock.

6.15  [See Bchroeter, plate LIV,

13.63  {This mountain has three tops, one o
which appears fike a bright spot in
shadow of the other, when the sus is in

11.52 its horizon. See Schroeter, plate LIV,

10.37  [Near the west end of the annular cavity.

See Schroeter, plate LV,

‘The central mountains, whose height and magnitude are
given in the preceding Table, are those which are placed
1z the centre of the spots or cavities that are surrounded
with annular mountains. Sometimes these mountaing are
found towards one side of the cavity ; but, in general, their

gition is exactly central. The references in the Table to
g:’:hmeter'a Plates, will be of sdvantage to those who wish
te examine the subject-with greater care, .

R2 TABLE
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TABLE 111, Containing the Heights of the
Heads of Annular Maunsains, gnd the Length
of their Base. . '

e

Reieeme | youmeyofehe | Melghein [oooselthein

\:':rsa‘;'::;. M.onntaim. %Bng]hh Milesf 1 !:;ilf:g
oy Claviue. 3.282 10.37
| Clavine. 2..58 13.83
b Ptolemy. 1.604 36.88
B Clavius. 1.423 691
x Alpbonsus. "1.180 .22
n Walther. 0.908 23.05
e Prolemy. 0.927 3B.05
d Ptolemy. 0.847 36.88
E 2. |Alphonsus. 0.732 g9.22
Ei |A ufhonsus_. : '0.726 g.22
Bullialdus. 0.641 50:49
Bullizldus. 0.563 50:49
[Hermaon. 0.472 6.01
. De La Caille. 2.168 37.66
Eratosthenes. 1.852 34.57

1.450 :

|Plate- 1.410 69.15
Archimedes. 1.332 50.93

Caesini, - gj?_‘;’g} 36.68 -

TABLE
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TABLE-IP. Containing the Heights of An.
nular Mountains, with the length of their
Bage. - ST

Reference [ o Lengthof t.hTi.r_'
o Schroes Names of the Hu:.aghu:n Base i
tcr's Plates) ADRular Mopntains. (Eogiish Il:;el\glefn ¢
Tycho East. 2.046 54.93
A Clavius. ' 1.429 36.88
C Claviug East. 1.429 52.13
Aristillus, : 1.362 64.10
Autolycus, ] raaz 28.81
WClavius, 1.211 27.66
t Near Theatetua, 1.192 10.37
1 Erastosthenes, | 114 33.42
In the Crisian Sea. 0.932 - { .22
JArchimedes, - Q.002, 50,03
Vitello Fast. 0.835 27.66
* {Gassendi West, 0.690 7LA& 1
B Near Archimedes, - 0.708 - 0.22
. {Landsberg. 0.702 32.27
Theatetus, | 0.599 21.90
Near Alpetragius 0538 | 922
: Platy. : B 0,538 - .15
I [Near Aristar¢hus. 0.538 .22
. |fn Cassini, ] 0.588 0.22
(Timocharis. {3 g:fgg} 23.05
£ {Near Newtod, 0.563 8.07
[ Hell, . Q48 20,20
k  [Mare Serenit, 0339 ] 1L52
“ Olbers, - o217 | 163
Hermanp. 21y 1 1619
o [Near Bullialdua, 0.193 16.44
q  IClavius. b ows 1 6o
g Near Marius. 0.127 '] Gs.g6
Lichtenberg.. 1 0108 ] 6
n Near Marius. 0090 unkown,
Manilius, 0423 | 27.66
m Near Aristarchus. |'0.300 § 6.15
h ear Heraclides. 0.399 922
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Schroe- Mountsins,

E‘:mu Names of the Annular
's Plates.|

d Near Thebit.

Rheinhold.

1 [Near cTimocharis.

B Near Copernicus.
1Casmini Alt. Med,

Baler.

w Near Plato.

Hortensius.

Pliny-

Near Aristillus,

Near Poasidonius.

Near the Sinus JEs-

tutm.

o Larget

nglish miles, E miles.
0.3g9 13.83
a.387 34.57
0.345 © 461
0345 11.52
0.345 36.88
C.314 27.66
0.272 8.07
6.272 13.83
0.248 34.57
0.230 576
0.i93 6.15
0.181 615

TABLE V. Containing the Heights of Strata
of Mountains, and the Length of their Base.

Reference
to Schroe- | Names of Mountaiow
tr's Plates,

“Feight &n

of

English  [their Base in
Mies. {Eng. miles.

ear Marius. _
INear Aristarchus,

[Near Newton.

[Near Heraclides
Falsus.

1mum. |Mar. Seren.

ear Thebit.
2dum, ar. Serei.
3fiem.  Mar. Seren, )
ear Archimedes.
ear Manus.
ear Hermana,
ear Marius.
ear Marjus.
ear Hermapn,
bid, .
car Hermann,

-0,121

0.502
0.502
0.333
0.260
0.109
0.193
0.3108
0.181
0.108
0060
0.108
0.078
0.072

0.096
0,084
0.066
0.048
0.042

G.042 -

461
5076

4461
3.46

.15

92.30
6.i5
G.15
5.76
4.61
5.70
4.51
4-61
5 076
4.61

4.61
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TABLE PI. Containing the Depth of the
Lunar Camt:es, and the Breadth of their

Onﬁces.
Reference H
: . Depthin | Breadth
m-'sscgrlffc-s Nasaes of the Cavities. Englich. miles, m:;ao ri.ﬁ::p
' Bernouilhi. 3.760 16.13
A Helicon West, 2.603 18.44
Eudoxus. 2.385 40.25
. . 2.361
. {Thebi. { Torir | 2090
‘{Pytheas. 2.343 10.37
B Irf:i?cox East 2.276 19.59
¢ {Thebit. L 2.11g 11.52
1.900
iLambert, { 1515 10.87
Theatetus. 2.004 16.13
Calippus. 1.0} 14.08
e 1.601
Mantling. { 1737 10.3%
Bianchini, 1.815 27.66
Euler. 1.804 13.83
1.804
| Autolycus. { 1.707 1?&4
Rheinkold. 1.645 20.74
. . 1.81
Copertticus. { 1610 37.95
Picard. 1.5G8 13.83
I [Near Aristotle. 1.562 9.22
: ‘§1 1.513 .
Menelaus, { 1.410 14.98
Pliny, 1.392 ‘24,20
) . 1.410
[Timocharie. { 1.332 18.44
Landsberg. . 1.332 20.74
d  |Near Thebit, 1.128 8.97
A ristarchus. 1.108 23.05
A |Nesr Pliny. 1.077 11.52
{ Néar Purbachiue. 1.059 6.15
E [Near Copernicus, 0.987 - 615
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Reference .
to Schroes { Numes of the Cavities, Depth ia Bmd!.h of
ser’s P nglisk miles. thair orificeg,
8§ |Near Phny. - 0.4920 10.87
E [Near Regiothontanus. | 0.847 - 137
2 [Near De La Caille, 0.847 10.37
. & }Mesr Thebit. - o781 8.05
anon. 0.678 037
'Tobiss Mayer.. 0.502 1813 .
Cris. SeaNear Picard. 0200 | 34.57
. INewton. 3.700 43.70
- Mylius. 3.112 32.37
C Near Alphonsus. 2.797 20.74
. Desplaces 2.349 18.44
LA, rigtilus. 1.937 36.88 .
-C . 1Hell, 1,937 19.59
. T ycho, 1.96% - 50,71
~ [Tychoy - 1.75¢ -} 50,7t
A alther. - - 1.693 8.07
A jPw ., 1.502 20.74
. |Beibaldus. . 1.447 27.66
. Godin. _ 1.435 17.29
Pouidoniu'& 4 1.423 60 15
b iNear Powidonius. 1380 § Q.22
- {Marius. ' 1.180 - 24.20
E |Archites 1.180 18.44
Agﬂppa. _ 1.217° 21.48
¥ [Architas, L1268 . | 11.52
.- |Fentenelle. 17 .- 21.00
A r. Seren, 0999 | 7.65
© 7 tAnstarchus, a.762 23.05
. .[Cardan. 0.762. 27.66 -
o (Brafft. 0,635 2766
M  [Near Possidoniug.- 0035 | 3.04
E ‘{Mar, Seren. 0.5y £.61
K [Mar. Seren, 0508 6.3
% JAlphonske, 0363 | 807
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It appears, from the remarks contained in the CHAP.
preceding Tables, and it may be observed with_'V"
the aid of a common telescope, that' the lunar
surface is not only diversified with rocks and
cavities, but that some parts of it are distin-
guished from others by their superior illumina~
tion. The dark parts of the Moon’s disc are
always smooth, and apparently level ; while the
luminous portions are elevated wacts, which
either rise into high mountains, or sink into
deep and extensive cavities. The general smooth-The dark
ness of the obscure regions naturally induced Byst ihe
astronomers. to believe that they were immense not contain
collections of water. The names given by He- ™"
velins are founded onm this opinion ; and nots
withstanding the discoveries which have been
made on the surface of the Moon, it is still very
geverally maintained among wodern astrono-
mers, When we examine the Moon’s disc,
however, with minute attention, we find that
these obscure portions are not exactly level
like 2 fluid surface. In many of them the
inequality of surface and of light is consi-
derable; and, in some parts, parallel ridges
are distinctly visible. The large dark spot on
the Moon’s western limb, which is called the
Crisian Sea, appears in general to be extreme.
ly level; but we have frequently 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 bound.

g line, instead of being elliptical, as it would
have been had the surface been fluid, was irre-
gular, and evidently indicated that this portien
of the Moon’s disc was actually elevated in the
middle, The light of these obscure regions,
kkewise, varies very much, according to .the
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angle of illumination, or the altitude of-the Sun

&—yas 3bOve their horizon; and when the Moon is

Lamr
mcantaing

near her conjunction, they are not much less
Iuminous 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
ruffled by the wind, the light of the Sun, or
rather the image of the Sun, could not be seen
anless when the eye of the observer was in the
line of the reflected rays. It would appear,
therefore, from these facts, that there is no wa-
ter irn the Moon, neither rivers, nor lakes, nor
seas ; and hence we are entitled to infer, that
none of those atmospherical phenomena, which
arise from the existence of water in our own
globe, will take place in the lunar world.

The strata of mountains, and the insulated
bills which mark the disc of this luminary, have
evidently 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 mmequalities of less
elevated countries. Huge masses of rock rise
at once from the plains, and raise their peaked
summits to an immense height in the air, while
projecting craggs spring from their rugged flanks,
and threatening the valleys below, seem to bid
defiance to the laws of gravitation. Around
the base of thesefrightful eminences are strewed -
numerous Ioose and unconnected fragments,
which time seems to have detached from their
parent mass ; and when we examine the rents
and ravines which accompany the over-hanging
cliffs, we expect every moment that they are to
be torn from their base, and that the process of
destructive .separation which we had. only cone
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templated in its effects, is about to be exhibited eHAP. .
before us in tremendous reality. The strata of _ V",
Iunar mountains called the Appennines, which
traverse a portion of her disc from north-east to
south.west, rise with a precipitous  and craggy

. front from the level of the Mare Imbrivm. In

some places their perpendicular elevation is above

four miles; and though they often descend to a

much lower level, they present an inaccessible

barrier to the north.east, while, on the south-

west, they sink in gentle declivity to the plains,

The analogy between the surface of the Earth Lunar e
and Meon fails in a still more remarkable de- ™™
gree, when we examine the circular cavities
which appear in every part of her disc. Some
of these immense caverns are nearly four miles
deep and forty miles in diameter. A high an.
nular ridge, marked with lofty peaks and litde
cavities, generally encircles them; an insulated
mountain frequently rises in their centre, and
sometimes they contain smaller cavities of the
same nature ‘with themselves. These hollows
are most numerous in the south-west part of the
Moon ; and it is from this cauvse that that pore
tdion of- this luminary is more brilliant than any
other part of her disc. The mountainous
ridges, which encircle the cawities, reflect the
greatest quantity of light ; and from their lymg
i eve‘r%; possible direction, they appear near the
tdme of tull Moon like a number of brilliant
zadiations, issuing from the large spot called
Tycho. : :

It is difficult to explain, with any degree of pro- Esplas.
bability, the formation of these immense cavities ; 1’;‘:‘“‘;_"
but we cannot Lelp thinking, that our Earth verms.
would assume the same figure if all the seas and
Kkes were removed ; and it is therefore proba.
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C’gﬂ'- ble, that the lunar cavities are either intended

‘emnmny fOr the reception of water, or that they are the

beds of lakes and seas which have formerly ex-

isted in that luminary., The circumstance of

there being no water in the Moon is a strong
confirmation of this theory. -

The deep caverns, and the broken irregular

ground which appear in almost every part of the

JYalanos Moon’s surface, have induced several astrono-
Moon, mers to believe, that these inequilities are of

volcanic origin, This opinion was first main.

tained by Dr. Hooke, in his Micographia, and

was afterwards supported by Beccaria, Lichten-

berg, and ZKpinus, the latter of whom published

a memoir on this subject in 1781. The éon-

jectures of these astronomers have received no

small confirmation, from a number of remark-

able phenomena which have beem seen in the

dark part of the Moon in the course of the last

century. During the annular eclipse of the

Sun, which happened on the 24¢h June 1778,

2 -very singular phenomenon was observed by

Don Ullca. Before the edge of the Sun’s disc

emerged from that of the Moon, he observed

near the north-west imb of the Moon a bright

-white spot, which he imagined to be the light

of the Sun shining through an opening in the

Moon. This phenomenon continued about one

miniute and a quarter, and was noticed by three

different observers. Beccaria observed a spot

similar to this in 1772, and imagined that it, as

well as that perceived by Ulloa, were the flames

of a burning mountain. Mr. Bode of Berlin

aiso perceived a bright spot in the dark limb of

the Moon. M. de Villeneuve and M. Nouet

saw a luminous point near the spot Heraclides

on the 22d May 1787, and on the. 18th March
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1788.. It resembled a small nebula, or 2 star
of the sixth magnitude, and seemed to vary
considerably in the light which it emitted. This
bright spot was again seen on the 8th of May
by Mechain, who thought that it was the bril-
Yiant point of the spot Aristarchus shining
the secondary light reflected from the Earth.
A very briiliant spot was seen in the obscure
part of the Moon on the 7th March 1794, by
Mr, Wikkins of Norwich, and by Mr. Stretton
in London. It appeared in the north-east part
of the Moon’s disc, and continued visible for
nearly five minutes. Phenomena of a similar
kind have been observed by Dr. Herschel with
his nsual success. On the 4th May 1788, he
perceived a luminous point in the obscure part
of the Moon, and two mountains, which were
formed from the 4th to the 18th May, In 1787,
he perceived similar phentomena, which we shail
describe in his own words. '

“ April 19, 1787, 10h. 36’ sidereal time.
I perceive,” says Dr. Herschel, * three volca-
noes in different places of the dark part of the
rew Moon. Two of them are either already
nearly extinct, or otherwise in a state of going
 to break out; which, perhaps, may be decided
next lupation. The third shews an actual
eruption of fire, or luminous matter. I mea.
sured the distance of the crater from the north-
ern limb of the Moon, and found it 8’ 57".8.
Its light is much brighter than the nucleus of
the comet which M. Mechain discovered at Pa-
ris the 10th of this month.
. ¢ April 20, 1787, 10h. 2’ sidereal time, The
volcano burns with greater violence than last
light. I believe its diameter cannot be less than
3", by comparing it with that of the Georgian

CHAP.

Iv.
—-vod

Volcanaes:
discovered
by Dr.
Herschel,
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cHAP. planet; as Jupiter was near at hand, I turned
W.  the telescope to his third satellite, and estimated
the diameter of the burning part of the volcano
to be equal to at least twice that of the satellite,
Hence we may compute, that the shining or
burning matter must be above three miles in
diameter, It is of an irregular round figure,
and very sharply defined on the edges. The
other two volcanoes are much farther towards
the centre of the Moon, and resemble large,
pretty faint nebule, that are gradually much
brighter in the middie; 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 Earth is,
in its present situation, sufficiently bright, with
a ten feet reflector, to shew the Moon’s spots,
even the darkest of them ; nor did I perceive
any similar phenomena last lunation, though I
then viewed the same places with the same in.
strument. t
¢ The appearance of what I have called the
actual fire, or eruption of a volcano, exactl
resembled a small piece of burning 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 5 and it had a degree of
briihmess about as strong as that with which
such a coal would be seen to glow in faint day.
light. :

8 All the adjacent parts of the volcanic
mountain seemed to be faintly illuminated by
the eruption, and were gradually more obscure
as they lay at a greater distance from the crater.

¢¢ This eruption resembled much that which
1 saw op the 4th of May, in the year 1783,
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an account of which, with many remarkable cHar.
particulars relating to volcanic mountains in the 'V
Moon, I shall take an early opportunity of com-
municating to this society. It differed, however,
considerably in magnitude and brightness; for

the volcano 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 of the fourth magnitude, as it
appears to the natural eye; this, on the con-
trary, shews a visible disk of luminous matter,
very different from the sparkling brightness of
star-light.” ' .

The formarion of craters in different parts rormation
of the Moon seems also to indicate the existence of craters-
of volcanoes. 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
plain, which were both wanting in Schroeter’s
Topographical Charts: Schroeter had frequent-
ly examined this part of the Moon with high
magpifying powers, under very favourable an.
gles of illumination, but had never perceived
the slightest trace of these craters. Schroeter
at last perceived the largest of them, which was
uncommonly deep in proportion to its breadth,
and was surrounded with a broad annular eleva.
tion of little brightness. '

In order to convey to the reader some idea
of the lunar surface, we have represented three
portions of it as drawn by Schroeter, in Plate IV, g;f'::;.
sup. fig. 4, 5, 6. Fig. 4 is the very brillants &
spot called Aristarchus, in the north-east qua-
drant of the Mcon’s surface, Fig. 5 represents
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CHAP. the spot called Gassendi, in the south-east qua-
I¥.  drant of the Moon, the dark edge a & repre.
senting the boundary between the illuminated
and obscure part of her disc. Fig. & is the spot
called Hevelius, containing an annular cavity,
and a broken elevation resembling an egg.
The height of the lunar mountains, relative
to those in the Earth, Mercury and Venus is
Plate IV, shewn in fig. 7, where those in Venus appear to
"™ be highest, and those of the Earth the lowest.

Agumens  The existence of a lunar atmosphere has long

2gunw thebeen a fertile subject of dispute among philo-

a lunar at- Sophers.  The constant serenity of the Moon’s

mespbere. gurface, undisturbed by clouds or vapours, in-

duced astronomers to believe that she was not

surrounded with an atmosphere; and 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, ina

memoir upon this subject, endeavours to shew,

that the duration of eclipses and occultations

ought to be diminished by means of the re-

fractive power of the Moon’s atmosphere ; and

if 1ts horizontal refraction amounted to 87, that

there never could be a total eclipse of the Sun.

In the eclipse of that luminary which happened

in 1724, total darkness continued %, 16”; a

circumstance which Fouchy maintains could net

possibly have happened, had the Moon been en.

circled even with the rarest atmosphere. These

. . arguments, however ingenious they may be, are

founded upon the supposition, that the data on

which his calculations are made are perfectly
correct.
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The appearance of the Moon’s limb, in CHAP.
total and partial eclipses of the Sun, have sug- .
gested numerous arguments for the existence
of a lunar atmosphere. In the year 1605, Kep-"
ler perceived that the Moon, in a solar eclipse,

-was surrounded with a luminous ring, which
was most brilliant on the side nearest the Moon.
The same phenomenon was cbserved by Wolff
in the total eclipse of May 1706. Captain
Stanyan, who observed the same eclipse at Bern,
perceived a blood red streak of light immedi-

. ately before the emersion of the Sun’s limb.

Fatio observed at Geneva the luminous ring

round the Moon; and Dr. Scheuchzer describes
the eclipse as appearing annular, in consequence
of the refraction of the Sun’s light by the at-
mosphere of the Moon. In the total eclipse of
1715, Dr. Halley observed a diminution of
brightness in the limb of the Sun, which was
immerging before total darkness. The sharp
horns of the solar crescent were blunted at their
extremities during total darkness, and a ring of
light encompassed the Moon. The ring was
brightest near the body of the Moon, and
flashes or coruscations of light seemed to dart -
out dn all sides from behind the Moon a little
before the emersion. About two seconds pre-
ceding the emersion, a' long narrow streak of
dusky but strong red light seemed to colour the
western limb of the Moon; but when the Sun
appeared, the streak and the luminous ring in-
stantly vanished. M. Louville observed the
same phenomena; and he describes the red
streak seen by Dr. Halley, as a piece of a circle
of a lively red, which preceded the emersion of
the Sun’s limb. ,
1In the eclipse of the Sun which happened on
Vol. 11.
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CHAP. the 25th July 1748, when the uncovered part
Ve of the Sun resembled the Moon in her quadra-
otures, the horns of the solar crescent were ob-
served by Euler to be bent outwards beyond the
circle, in which every other part of his disc was
comprehended. When the eclipse became an-
nular, the Sun’s disc was dilated beyond the
circle which formerly embraced it. 'This dila.
tation was also ohserved by M. Polack at Frank-
fort upon the Oder, and has been estimated by
Fuler at 25". ‘

From observations made upon the eclipse of
the Sun in 1764, M. Du Sejour has demon-
strated, that the inflexion of the rays which
passed by the Moon’s limb, amounted to 417,
and must, therefore, have arisen from the re.
fraction of her atmosphere, '

In the eclipse of 1778, in which the total
darkness lasted four minutes, Ulloa observed
several singular appearances. ‘The ring of light
about the Moon seemed to have a rapid circu-
lar motion. This’ light became more dazzling
as the centre of the luminaries approached, and
about the middle of the eclipse its breadth was
about a sixth part of the Moon’s diameter.
Coruscations issued from it in all directions,

~and the light was reddish towards the Moon, a
deep yellow towards the middle, and pure white
at its circumference.

Several experiments were made with the sha-
dows of globes by Maraldi and Fouchy, to shew
that the luminous ring might arise from another
cause than the Moon’s atmosphere.  They
found that a ring of light, produced by the in-
fiexion of the passing rays, surrounded the sha-
dows of all opaque globular bodies ; and they
considered this as a triumphant answer to the
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preceding arguments in favour of a lunar atmo- cHaP
sphere. The answer seems to have been admit-_ 'V
ted by their opponents as satisfactory, and we '
do not know that its fallacy has ever been ex-
posed. As the phenomena of inflexion are
produced merely by the surfaces of bodies, the °
breadth of the luminous ring, produced by the
inflexion of ‘light passing by the head of a pin,

will be as great as the luminous ring produced

by the inflecting power of the Moon at the same
distance from both bodies. The ring of light,
therefore, surrounding the Moon, will not ex-

ceed the luminous ring which Maraldi and
Fouchy observed around their globes of wood

and stone, and, therefore, could not possibly
subtend a sensible angle at the distance of that
luminary. \

The appearance of the stars and planets,
when eclipsed by the Moon, furnishes us with
additional proofs of the existence of a lunar at-
mosphere. It was naturally expected by astro-
nomers, that when the stars or planets came in-
to contact with the Moon’s limbs, they ought to
suffer a change in their colour, arising from the
transmission of their light through the densest
part of the Moon’s atmosphere. When we con-
sider, however, that the lunar atmosphere, if
its size were proportional to that of the earth,
could not subtend a greater angle than one se-
cond, and that the emerging star moves through
this space in two seconds, we are scarcely en-
titled to expect any considerable change in its
brilliancy.  Besides, the visible limb of the
Moon may be formed by mountains, and the
denser part of her atmosphere may be below
their summits ; so that the remaining part of the
atmosphere, which is alone visible to us, may

S2
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cHap, not have sufficient density to deaden the light
V. of the emer%ing star. Cassini remarks, that he
" frequently observed the circular figure of Jupi-

. ter, Saturn, and the fixed stars, changed into

an elliptical one, when they approached either

the dark or the ifluminated limb of the Moon.

In the cccultation of Saturn, observed by Mr.

Dunn on the 17th June 1762, the ring and the

body of Saturn appeared evidently to be affect.-

od by their proximity to the Moon, and had the
* appearancg of a comet at the moment of emer.
sion. M. le Monnier observed the star Alde.
baran advanced as it were upon the illuminated
disc of the Moon ; but this must have been
owing to some optical illusion.” '

Notwithstanding the force 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 perceived, that the high ridges of the
lunar mountains Leibnitz and Doerfel, when in
the dark hemisphere, 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 observ.
ed ¢ several obscurations and returning serenity,
cruptions, and other changes in the lunar at-
mosphere;” from which he was led to expect,
that a faint twilight might be perceived towards
her cusps, as he had done in Venus.

By observing the Moon when her phases
were extremely faleated, Schroeter at last disco.
vered a faint glimmering light of a pyramidal

rae 1, form, extending from both cusps into the dar!;
ﬁf'- , hemisphere, like & ¢, Figures 4 and 5. The great-
=™ g5t breadth of this crespuscular light was 27 and

~
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its lemgth 17 20”; from which Schroeter has cHaP.
computed, that the breadth of the lunar twilight, 'V*
from the terminator or boundary of light and °
darkness, to where it losesitself inn, and assumes

the faint appearance of the light reflected from
_our earth, measures, in a direction perpendicu.-

lar to the terminator, 2° 34’ 25”; and, there-
fore, that the inferior or more dense part of the
Mooms atmosphere is not more than 1500 Eng-

lish feet high, and that the height of the atmo-
sphere, where it could affect the brightness of a
fixed star, or inflect the solar rays, does not ex-
ceed 5742 English feet. This space subtends

at our earth only an angle of 07,94, 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 indistinct at the
Iimb of the Moon, while others did not suffer
any change of colour. The belts and spots of
Jupiter appeared perfectly distinct when close to

the limb of the Moon, and a small luminous

" spot, though by no means very perceptible,
could be plainly distinguished when close to the
Moon's limb.

When the Sun and Moon rise above the ho- g, 1
rizon, or set below it, they generally appeat megnitude
much larger than they do when seen on thejjoma
meridian ; though it is certain that they subtend Moon.

a smaller angle in the former case than in the

latter, when measured with a micrometer. When

the place A, Fig. 1, has the'Moon Pinitsmeri-
dian, the Moon Is evidently nearer by more than fip 1.
4000 miles, a semidiameter of the earth, than

when the place has come round to B, and has
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CHAP. the Moon in its horizon. The extraordinary

w __ magnitude, therefore, of the Sun and Moon in
the horizon, must be the result of some optical
illusion. In explaining this singular phenome-
rion, astronomers have satisfied themselves with
saying, that the sky does not appear like a cir-

Plate 1V, cular hemisphere MN OP, but like an oval

Sup- 8- 8- yault m no p; the part at the zenith o seeming
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 be referred to a
distance E m, and have the magnitude =, while
the Moon in the zenith will be referred to a
distance E o, and have the magnitude shewn at
o. This explanation, however, only puts the
difficulty a step farther off ; for the quesiion still
recurs, Why does the zenith o appear nearer the
earth than the horizon O? .

‘When we estimate the magnitude of remote
objects, our judgment is formed from compar-
ing them with adjacent objects whose magnitude
is known. Thus, if we saw a man standing up-
on a rock in the middle of the séa, we may form
a tolerably correct estimate of the size of the
rock by comparing it with the man, whose size
may be reckoned about five feet eight 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 sea 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 sea, where no objects intervene, the decep-
tion is enormous ; and in like manner, in 2 mist
objects appear nearer and larger from the inter.
vening objects being obscured or concealed. If-
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an object is viewed in a horizontal line, or placed CHAP.
on the surface of the earth, we are generally, 1v.
enabled to form a pretty accurate notion of its .
magnitude, by comparing it with adjacent or in-
tervening 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 on the top of a spire, it is impossible to
form a tolerable notion of its magnitude. To
the writer of these remarks, the mosaic pavement
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 erroneous estimate, and the pave-
ment seemed to increase in magnitude. For the
same reason, the apparent size of the Moon
when in the horizon is estimated by a compari-
son with intervening objects; but when she is
.at a considerable height above the horizon, sha
diminishes in size like the ball on the top of a
spire.. In order to obtain an experimental proof
of this explanation, we smoked the surface of
a mirror to imitate the horizontal vapours, and
when the Moon had a considerable altitude, we
reflected her image from the mirror, so that she
appeared ruddy, and near the horizon. In this
case her size evidently increased, and when the
horizontal 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 object near the eye, it ap-
peared extremely small, and when the image
was thrown upon a distant ‘object, it became’
very large. ' ,
Mr. Ezekiel Walker endeavours to account
for the magnitude of the horizontal Moon by
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CHAP. 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

altitudes, and that a larger image is on this ac-

count formed upon the retina, This opinion is

demonstrably erronecus; for though the dis-

tance between two stars appears greater when

they are in the horizon than in the zenith, it will

not be maintained that the pupil is more ex-
panded in the one case than in the other.

onthero- . While the Moon is performing her monthly

the Moon. ¥ ¢volution, she always presents the same side to

+,  the earth, This remarkable circumstance arises

from her rotation about an axis in 299 12", the

same time that she revolves round the earth;

for if the Moon had no rotation upon an axis,

she would exhibit every part of her surface to

a spectator upon the earth. If the Moon A,

;!atelVIU-’Fig. 1, were always to keep the same side A,

% to the earth at /E, the line A v would not be car-

ried parallel to itself; for when the Moon has

reached G, the line A v will now have a posis

tion at right angles to r 5, the Moon having per-

formed a quarter of a revolution round her axis,

From observations upon the lunar spots, Cas-
sini found that the Moon revolves round an axis
inclined 88° 17 to the ecliptic, and that the
nodes of the Moon’s equator have the same
posttion, and the same retrograde motion, as the
nodes of the Moon’s orbit.

The equality between the rotation and revelu-
tion of the Moon, was ascribed 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
elevated at the equator, by the diminution of
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the centrifugal force, yet the elevation is four cHar.
times as great in the direction of the diameter V-
of the equator that points to the earth, in
the same way as the waters of the earth are al-
ways of a spzeroidal form, the axis of the sphe-
roid being directed to the Moon. In conse-
quence o% the attraction of the earth upon this
elevated portion, La Grange has shewn, that
the velocity of the Moon’s motion is sometimes
accelerated and sometimes retarded ; and that
the tendency of this attraction is to produce an
equality between the rotation and revolution of
the Moon, even if they had been different, and
to occaston 2 coincidence both in the position and
motion of the nodes of the lunar equator and
the lunar orbit. La Place supposes, that the
high mountains of the Moon will have an influ-
ence upon these phenomena, and that this effect
will be greater in proportion to the smallness of
the compression at the lunar poles, and the
smallness of her mass.

If we examine with attention the disc of the Onthes-
Moon, we shall sometimes observe the spots on bretion of
her eastern limb, which were formerly visible,
concealed behind her disc, while others appear
on her western limb which were not seen be-
fore. The spots which appear on her western
limb withdraw themselves behind the imb, while
the spots which were concealed behind the east-
ern limb again appear. The very same pheno-
mena 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 libration of
the Moon ; which is of four different kinds, the
diurnal libration, the lilration in longitude, the
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Libration in latitude, and the lilration arising

WV from the action of the earth on the lunar sphe-

‘ﬂ-—v-—t-

Diurnal k-
Bration.
Plate ¥V,
Fig. 2.

Libration
= lengis
. tude.

roid. 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 Fig. 2, of Plate V, is examined by persons
situated at VI and XII, to the former of whom
she appears in the horizon, and to the latter in
the meridian, it is manifest that the person at
V1 will see a small portion of the Moon’s north
limb which the person at XII cannor perceive,
and that the person at XII will see a portion of
the Moon’s southern limb which is concealed
from the spectator at VI. But when the spec-
tator at VI is carried by the earth’s rotation -
into the position XII, or when the Moon comes
to his meridian, he will lose sight of the part
of the Moon’s north limb which he formerly
saw ; and the part of the Moon’s south limb,
formerly concealed from him, will come into
view. While he is carried from X1 to VI, or
when the Mcon moves from 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 re-
peated every day; and the diurnal libration which
is thus produced, will be proportional to the
Moon’s parallax in altitude.

The libration of the Moon in loagitude arises
from the inequalities of her motion round the
earth, combined with the uniformity of her mo-
tion round her axis. If the Moon moved uni-
formly in a circle round the earth in its centre,
she would always turn the same face to the
earth, and there would be no libration in longi-
tude, the sume spots appearing always at the
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borders of her eastern and western limb; or, .CHAP.
what is the same thing, if the Moon moves un- V-
equally round her axis, and unequally in her ™ ¥
orbit, the inequalities varying in the same man-

ner, 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 equally round her axis, she
cannot present exactly the same face to the earth.

For since the two revolutions are performed ex.

actly in the same time, the Moon will have per-
formed more than one-twentieth, or any other

part of her monthly revolution, when her mo-

tion 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 i§ near her perigee,
where her motion is slowest, she will perform

less than one-twentieth part of her monthly re-
volution in thé 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 li-
bration in longitude happens when the Crisian

sea is distant about three.fourths of its width
from the western limb of the Moon.

The libration of the Moon in latitode arises Libration
from the inclination of her axis 88° 17’ to the ™ "%
ecliptic in which the earth is placed. Had her
axis been exactly perpendicular to the ecliptic,
this libration would have vanished. During one-
half of her mounthly revolution, the Moon’s
axis forms an acute angle with the radius vector,
or line joining the earth and Moon, varying be-
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CHAP. tween 88° 17 and 90°, and, consequently, the
Y- north pole of the Moon, and the adjacent parts,
comes into view, and the south pole is conceal-
ed ; but, during the other half of her revolu-
tion, her axis forms an obtuse angle with the
line joining the earth and Moon, varying from
90° to 91° 43'; and therefore the north pole of
the Moon, and the adjacent parts of her north
limb, are withdrawn from the earth, while the
south pole comes into view.

Spheroidal  These three kinds of libration are merely op-
™ tical, and do not affect the. real rotation of the
Moon, The fourth species, however, produces
a little inequality in her rotation, as it arises
from a small oscillaton of the Moon about an
axis perpendicular to the radius vector, pro.
duced by the action of the earth on the elevat.

ed parts of the lunar spheroid. :



CHAP. V.

On Eclipses.

THE subject of eclipses has been already cuar. v,
treated by Mr. Ferguson, in the 18th and 19th “—v=*
chapters of the first volume, at so great length, Ec;?;m
and with so much perspicuity, that we have no
occasion to dwell any louger on that interesting

part of astronomy. As the catalogues of
eclipses, which are contained in the 18th Chglp-

ter, extend no farther than the year 1800, we

shall, in some measure, render them more com-

plete, by presenting the reader with 2 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 Vau-

cel 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 ap-

pear, from the catalogue, that the only annular
eclipse in the 19th century, will take place on

the 9th October 1847, - '
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June 4, 1760.
Time of conjunction, - B 33° 23" M,
Moon’s latitnde then, - @ 55 45 N.
noing of the eclipae, 6 52 o M
Megl le of the eclipse, 7 46 3o
End of the cclipse, - 42 0
Digits eclipsed, - - 5“ 22 o

March 23, 1753,
Time of conjunction, - sh 31" 28" M,

Moon's latitude, - - 42 17 N.
Sun rises eclipsed, - 5 &2 4]
Digits eclipsed then, - 1° o0 o
¥od of the eclipse, - sh 3 O

Jannan; (4N 1777
'Time of conjunction, - 48" 35" 1.
Moon’s latitude then, - 0 40 25 N.
Beginning of the eclipse, 4t 3 30 L
Sun sets eclipsed, - 4 14 O
Digits eclipsed, - - 1 37 ©

June 24, 1778.
h

End of the eclipse, .
Digits eclipsed, - =

43 40
28 0

Time of conjunction, -~ 3k 46 38" E.
Moon g letitnde then, - 0 18 56 N.
Beginning of the eclipse, - 3 55 10 E,
Mlddle % the eclipse, - 4 47 20
&
6

June 14, 1779.
Time of copjunction, - 9 128 56”7 M.
Moon’s latitude then, - 4 41 N.
Beginning of the eclipse, 7" "33 20 M.
Middle 0% the eclipse, - 8 18 40
End of the eclipse, - g 3 45
Digits eclipsed, - 2¢ 50 O

Apm! 23, 1781.
Time of conjunction, - st 30 30" E.
Moon’s latitude then, - 0 3 40 B.
Begmmng of the eclipse, 6h 44 45 L.
Sun sets edlipsed, - 0 3 34
Digits eclipsed, - 1* 25 ©
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October 17, 1781,
T'ime of conjunction, - gh
Moon’s latitude then, - 0
Beginning of the eclipse, 7
Middle of the eclipse, - 7
£ind of the eclipse, - 8
Digits eclipsed, - 40

April 12, 1782,
Time of conjunction, - sk

Moaon's latityde then, - )
Beginning of the eclipse, 6
Sun sets, - - 6
Digits eclipsed, - b
January 19, 1787.
‘Time of conjunction, « 1ok
Moon’s latitude then, = - 1°

Beginning of the eclipse, ot
Middle of the eclipse, - 10
End of the eclipse, a 13

Digits eclipsed, - 2°

June 15, 1787,
Time of conjunction, - 4k
Moon’s latitude then, - 1°
Beginning of the eclipse, 4
Middle of the eclipse, - 5
Erd of the eclipse, - 6

Digits eclipsed, - a°
Jure 4, 1788,
Time of conjunctien, - gt
Moen’s latitude then, PR 4
Beginuing of the eclipse, 7B

Middle of the eclipse, - 7
End of the eclipse, - 8

Digits eclipsed, - 4°
April 3, 1791
Moon's latitede, - Q¢
Beginning of the eckpse, 128
Middle of the edlipse, - 2
End of the eclipse, - 3

Digits eclipsed, - 70

20/

55
34

41
37

45
33

56’
21
50
44
13
22

48" E.

(vl =Rl

47" M.
11 N.

caofo

507N,
¢ Noom
[ I
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September 16, 1792.

74
Time of conjunction, - O
Moon’s latitude then, . - o°
Begimning of the eclipse, 7h
Middle of the eclipse, - 7
End of the eclipse, - 8
Digits eclipsed, - - . o°

September 5, 1703,
Time of conjuaction, ~ = 128
Moon's latitude then, - . ©O°
Beginning of the eclipsd, 9
Middle of the eclipse, - 11
Tnd of the eclipse, - 1
Digits eclipsed, - 8°

Juruary 31, 1704.
Time of conjunction, . = I 1h
Moon's latitude then, _ - 1¢
Beginning of the aclipse, - 11%
Middle of the eclipse, _ « 12
End of the eclipse, s 12
Digits eclipeed, .. 20

June 24, 1797.
Time of conjunctian, -~ « - 4h
Moan's latitude then, = - : 1d
Beginnin % of the eclipse, 4h

Middle of the eclipse, - -« 3
End of the clipse, = 6
Digits eclipsed, - 4@
August 28, 1£02.
*Time of conjunctiom, , -~ s
Moon’s latitude then, . -~ O°
Beginning of the eclipse, 5h
Middle of the eclipse, - ¢
Lnd of the eclipse, . « 6
Digite eclipsed, - - 4°
August 17, 1803,
Time of conjunction, - -gh
Moon's latitude then, - o°

Begioning of the eclipse, 5h
Middle of the eclipse, - B
End of the eclipse, - 7
Digite eclipsed, v 30

28’

44

57
12

41
50
235

56.

a3y’

10

47
43

32

59
40

25 -

17’
41
10

54

247

57
46
55
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February 11, 1804,
Time of conjunction, - 4h
Moon’s latitude then, - o°
Beginning of the eclipse, 10k
Middle of the eclipse, -~ 1

End of the eclipse, - 1
- Digits ectipaed, - o°
June 16, 1806,
.'Time of conjunction, -  gh
Moaon’s latitade then, - o°
Beginning of the eclipse, 4h

Middle of the eclipre, . 5
End of the eclipse, - 5
Digies eclipsed, - 30

November 20, 1807,
Time of tonjunction, - 12h
Moon’s latitude then, - o°
Beginning of the eclipae, 10k

Middie of the eclipse, 11
End of the eclipse, . iz
Digita eclipged, - 3°
] Felbruary 1, 1818.
Time of conjunction, - gk
Mooa's latitude then, - 0°
Sun rises eclipsed, - gh

Middle of the eclipse, - 8
End of the eclipse, - 9
Digits eclipeed, .- 8

July 17, 1814.
Time of conjunction, .  6b
Moon’s latitude then, - Qe
Beginnin% of the eclipse, =~ 6B

Middle of the eclipse, - &
End of the eclipse, - 8
Digits eclipsed, - o
] November IQ, 1816,
Time of conjunction, - Ipb

Moon's [atitude thea, -  ©°

Beginning of the eclipse, ~ 8h

Middle of theeclipse, « ' g

End of the eclipse, - 10

Digits eclipsed, - oge
Vol, 11,

28*

42’
10
25
31
35

28’
51
24
28
41
33

T

547 M,

13 N.

....
=]
2
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' May 5, 1818
HAP. May 8, 1818,
¢ V. Time of conjunction, - #h 38" 17 M.
e e Moor’s latitude then, - = ° 30 32 N.
Beginning of the ec!’ipse, 6t 3 o M,

Middle o% the eclipse, -~ 6 35
End of the eclipse, - - ¥ 38
Digfts eclipsed, - 3 1

oo

Septemler 7, 1820.
*Cime of corjunction, - 1t 58 187 E.

Moon’s latitude then,, =~ 6° 44¢ 48 N,
Beginning of the eclipse, 12h 33 0O
Middle of the eclipsey, = 1 s9 ©O
End of the eclipse, - 2 15 ]
Digits eclipsed,. - 1° 88 ©
July 8, 1823.
Time of conjunction, - 6+ 80" 86" M.
Moor's latitude then, . - 14 8 50

The Sun 2nd Moon will be in contact 15t 40' M. at
Paris, but the Sun will be eclipsed to places at a greater
distance from the equator.

November 20, 1826.
Time of conjunction, - 11b 427 147 gr(.

Moor's latitude then, ~ 14 12 23 N.
Beginning of the eclipse, wh 5 o M.
Middle of the eclipse, -~ 11 11 O
End of the eclipse, - 12 21 O
Digits eclipsed, - g° 34 O
July 27, 1832,
Time of conjunction, . - 28§ 8" E,
Moor’s latitude then, = 0‘; 5 46 %
inging of the eclipee, 2k 20 O L.
?Hﬁ%’d}e o% the eciipse? - 2 43 O
End of the.eclipse, - 3 0 0
Digits eclipred, - 0 45 0
July 17, 1833,
Time of conjunction, - b 22" 10" M.
Moon's' [atitude then, - o° 51 98 N.
Beginning of the eclipse, g 7 o M.

Middle of the eclipse, = 6 1 0
Erd of the eclipse, - 6 53 0
Digits eclipsed, "=~ - 7° 47 ©
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Time of cenjunction, ~ ~ 2k
Moon's latitude then, -  O°

Beginning of the eclipee, 1b
Middle o% the eclipse, = 3
End of the eclipse, - 4
Digite eclipeed, - go

July 18, 1841,
Time of conjupction, ~ 2%
Moon’s latitude then, = 1°

. Begihning of the eclipse, 3
Middle of the eclipse, = 3
End of the eclipse, - 3
Digies eelipsed, =~ ~ 0°

. Jﬂfy 8’ 18“2'
. T'ime of conjunetion, - 7h
Moon's latitude then, - Qe

Beginning of the ecli 5h
Middle o% the eclipsefm g 5
End of the eclipse, - 6
Digite eclipsed, - 1P
May 6, 1845.
Time of conjunction, -  10b

Moon's latitude thén, ~  @°

Beginning of the eclipse, gh
Miﬁdle of the eclipse, -
End of the eclipse, - 10
Digits eclipeed, - 5°
April 25, 1846.
Time of conjunction, - . 5b
Moagn’s latitude then, - 11®
Beginning of the eclipse, 5h

Middle of the eclipse,, ~ 6
Digita eclipeed then, -  3°
Digits eclipsed at sunset, o

Octoler 0, 1847.
Time of conjunction, -~  gb
%foon's laﬁt?deh:gzl;, - g:
eginning of t ipse
Igltgd’dlg o% t}:::lgrlipse, - 7
d of the eclipae, - 9
Digits eclipeed, - e

o o'E.
26 34 N.
40 o0 E,
12 0

32 Q

44 o
2t o"E,
13 14 N.
i o E.
4 0

1 o

30 ©

17 82
27 44 N.
9 30 M,
54 0O

52 O

9 O

6 21 M.
54 50 N.
40 0

43 0

12 0

o o’F.
11 46 N.
42 o0 B
30 O

42 0

S0 ©
22" 26" M.
81 22 N.
27 oM
42 0

3 0

30 ©

T2



292 Eclipses.

CHAP. Distance of Centtres -
v. At the middle of the eclipse, ©° 0O 210
L amn'amand Distacce of the south limbs, © 1 24
Distance of the north bmbs, € 1 4
This eclipse will be annular.
July 28, 1851,
Time of copjunction, -~ 3k 48’ S" E.
Moon's latitude then, - o 47 7 N.
Beginning of the eclipse, 2k 14 O E.
Mlddle the eclipse, = 3 18 ©
End of the eclipse, - 4 17 0
Digits eclipsed, - g° 15 0

May 15, 1858,
Time of conjunction, - 128 15 6"

Moort's latitude then, ~ -~ ©° 38 13 N.
Beginning of the eclipse, 11 39 O M
Middle of the eclipse, - 1 6 0 E.
Fnd of the eclipse, - 2 22 0
Digity eclipsed, - 1° 45 @

July 28, 1860.
"Time of conjunction, - 2b 27 21" E,
Moon's latitude then, - 0° 3t 45 N.

Begrianing of the echpse, 1= 55 ©
M:ddle 0% the eclipee, 3 5 oL
End of the eclipge, - 4 5 0O
Digits eclipsed, - g° 32 o0
Decemler 31, 1861,
Time of conjunction, ~  1b 56° 28" E.
Moon’s latitude then, - o° 30 43 N.
Beginning of the eclipse, -~ 2b 5 0
Middle of the eclipse, -~ 3 4 0
Digits eclipsed, -~ 6 13 0
Digits eclipsed at sunset, ¢ 11 0
Muy 17, 1863,
Time of conjonetion, ~ 58 4" 13" E.
Moor's latitude then, -~ ~0®.358 5 N
Beginning of the eclipse, 66 ¢ o E.
Middle of the eclipse, ~ 6 46 O
End of the eclipee, - 7 30 o0
ngm echpsed - 3° 58 0O
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Octoler 19, 1865,
Time of conjunction, -~  4h
Moon's latitude then, - o
Beginning of the eclipse, 4h

Digita eclipeed, - §°

Octoler 8, 1866,
Time of conjunction, -  sh

Maon’s latitude then, - 14
Beginning of the eclipse, 5k
Sun sets, - - 5
Digits eclipsed, - 3¢
March 6, 1867,
Tinie of conjunction, =  gh
Moaon’s latitude then, - o

Beginnin§ of the eclipse. 7h
Middle of the eclipse, - 0
End of the eclipse, - 10

Digits eclipsed, " g°
February 23, 1868,
T'ime of conjunction, - 2h
Meon’s latitude then, -
Beginning of the eclipse, 3k
Middle of the eclipse, - 3
End of the eclipse, - 4
Ligits eclipsedy - o°
_ December 22, 1870,
Time of canjunction, - 13h
Moon's latitude then, - o°
Beginning of the eclipse, 11h
Middle of the eclipse, - 12
End of the eclipse, - 2

Digita eclipsed, - i6°

May 26, 1873,
Time of conjunction, - gh
Moon®s latitude then, - 1°

Begioning of the eclipse, 7h
Middle of theeclipse, ~ 8
End of the eclipse, - 9

Digits eclipaed, - 3°

24

32
58

19’
it
51

29
26

15

3y
52
24
45

38

50
44
34

7]
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12” E‘
36 N.

406" E,
42 N.

Scoo o

27" Ea
12 N.
0 E.

21”
19 N.
o M

0 E.

30" M.
56 N.
0 M.
o
¢
0

CHAP.
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w
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October 10y 1874,

Nme of conjunction, ~ ~ 1B

Moon s latitude ther, -

nmg of the eclipse, gt
Mtddle of the eclipse, =~ 10
End of the eclipse, w11

Digits eclipsed, - 3°

September 29, 18; 5.
Time of conjunction,  ~

Moon's latitude then, - 0°
Begmmn% of the eclipne, 11h
Middle of the eclipse, - 12
Eud of the eclipte, - 1
Digits eclipsed, - q°
July 19, 1879

Time of con_;unctlon'? - gb
Moon s latitude then, - e
Begi nmn% of the eclipse, 7h
Middle of the eclipse, =~ 8
End of the eclipse, - @

Digite eclipsed, = .

December 31, 1880,
Time of conjunction, = b

Moon’s latitude then, =~ 1°

Bepi nmn% of the ezlipsg, 1b

Middle of the eclipse, =~ 2~
End of the eclipae, - 3

May 17, 1882
Time of conjupction, = &
Moon's latitnde then, -

g

Beginning of the ec lipse, )
Mtddle o? the eclipee, -~ 7
End of the eclipse, - 7
Digits eclipeed, - 3

August 19, 188?.
Time of conjunction,  «
Moon's latitude then, - 0‘°
Sun rises eclipsed, - o
Digits eclipsed, - 8

Ead of the echpse, - 5k

53

29
a6

13’
12
56
37

54

ig
22

49
19

5!
39

13
30

37" M
16 N.
o M.

14" M.
4 N.

o M.
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i

June 17, 1690°

Time of conjunction, - 10h &
Moon’s latitude then, - 0 13
Beginning of the eclipse, 8 19
Middle of the eclipse, - g 22
End of the eclipse, - 10 48
Digits eclipsed, - 5° 46
Jume 6, 1891,
Time of conjunction, - 4% 3¢
Moon’s latitude then, - Q° 56
Beginning of the eclipse, sh 14
Middle of the eclipse, - &5 55
End of the eclipse, - 6 40
Digits eclipsed, - 3% 4o
March 26, 13804
Time of canjunction, - 1Gh 10/
Moan’s latitude then, - 1° 13
Beginning of the eclipse, gh 25
Middle of the eclipse, ~ 0§ 55
End of the eclipse, - 10 57
Digits eclipeed, 1* &
August 9, 1890.
Time of conjunction, -  §h 12°
Moon’s latitude then, « 0 4
Sun rises eclipsed, . 4 40
Digits etlipsed, - - 0° 15
End of the eclipee, ~ 4h 42
June 8, 1808,
Time of conjunction, - 6h 23’
Moon’s latitude then, - 1° 5
Beginning of the eclipse, 4h 58
Middle of the eclipse, + 5 35
End of the eclipse, - 5 35
Digita eclipsed, « =~ 2° 25
May 28y 1900.
Time of conjunction, »  3h 16
Moon’s latitude then, - o° 2t
Beginning of the eclipse, 3b 21
Middle ot the eclipse, ~ 4 30
End of the eclipse, " 5 23
Digits eclipsed, - 70 53

208

317" M.
58 N.

= i =

[+
I’.h,q
~
2

coood
m

51" M.
50 N.

oo

41" E.
22 N.
o E.
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CHAP, VI
‘On Occultations.

Duxma the monthly motion of the Moon crar.
from west to east, in the Heavens, she must ap- V-
pear to an inhabitant of the Earth to passover ¥
such of the fixed stars as lie near her apparent

path. The star which the Moon thus conceals

from the Earth is said- to suffer an occulta-

tion, or an eclipse. As the Moon’s orbit is
inclined to the ecliptic, and as the line of her
nodes is constantly shifting, her apparent path

in the Heavens is subject to perpetual 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 scen from the Earth., 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 Farth. All the stars situated within a

zone 9° 4’ broad, or whose latitudes do not ex-

ceed 4° 82/, may suffer an occultation to the in-
habitants of any part of the Earth., The most
remarkable stars that lie within the broadest of

these zones, with their langitudes and latitudes
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for 1820, according to the accurate observations
of Bradley and Maskelyne, are contained in the

following Table.
Langitude.

3 Aries, L% 18° 197 65" 1° 48’
» Taurus, or

Alcione, } 27 28 ,55
» ‘Tautus, 2 3 1y 11
s Taurus, 2 &5 56 48
« Taunrus, or

Aldebaran, 2 7 16 2
£ Taurus, 2 20 3 48
& Taurus, 2 22 16 327
x Gemini, 3 0 55 48
m Gemini, 3 2 47 13
y Gemini, 3 6 35 31
s Gemioi, 3 7 25 41
3 8emini, 3 16 0 40

emini, or
B Potlur, }3 20 43 45
¥ Cancer, 4 5 2 2
3 Cancer, . 4 6 12 20
£ Leo, 4 19 0 30
e« Leo, 4 21 44 49
# ﬁ:s: Re 4 25 23 34
- or i

gulus, }4 %7 19 38
¢ Leo, 5 3 52 36
* Leo, 5 18 35p 58
* Lea, 5 21 32 42
# Virgo, 5 24 35 58
¢ Virgoy 6 0 51 21
s Virgo, 6 2 19 27
vgérgm 6 7 39 52
» ITEO, Or

.Sgica, 6 21 19 42
# Libra, 7 12 34 40
1.+ Libre, - 7 18 20 48
¥ Libre, 7 92 37 20
« Librz, 7 24 50 59
x Libre, 7 25 14 5B
¢ Libre, 7 27 21 23
a Librz, 7 27 57 87
3 Scorpio, 8§ 0 3 39

4

HOWORARD N RBR=RoEwOS O ABUNDW O ORWORDOBGN Ut Pao

Latitude.  Mag.

1

45
35

28

21
13
55.
50
46

2
12

40

10
4
9

46

&1

7” N’
36 N

30 S
37 8.

46 S.
59

v
Z mRwernng

%

Z 2enz

S
o8
W

tn
33
ZZRZEOZ

%

4

3

o
»
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Longitude. Latitude.  Bag.
» Scorpio, g8 o° 25 467 5° 26’ 15”8, 3
£ Scorpio, 8 0 40 44 1 4 58 N. 2
v Scorpio, s 2 8 1 1 89 52 N. 4
« Scotpio, § 5 17 24 4 ©0 23 5. 3
= Scorpio, 8 7 14 56 4 32 24 5. 1
+ Scorpio, 8 8 56 53 6 5 21 5. 4
v Sagittariug, 8 28 45 14 6 56 48 8. 3
1, » Sagittarius, § O 42 ¢ 2 22 24 N. 4
A Sagittariug, 9 3 58 42 2 5 31 8. a
@ Sagitarius, § 7 39 39 3 35 22 5 5
r Sagittarivs, 9 9 62 28 3 24 55 5. 43
= Sagittarivs, ¢ 12 1y 43 4 58 43 8. 4
o Sagittariuve, 9 13 28 47 O 53 30 N. &
= Sagittarius, § 13 44 32 1 28 7 N. 4
g Capricom, 310 1 32 6 4 36 46 N. 3
¢« Capricorn, 10 17 41 11 4 57 31 5 4
¥ Capricom,
orDenetd 10 190 16 4 2 32 6 8. 4
Algedi. ‘
Capricom, 10 21 1 16 2 33 40 S5 3
t‘ Aquariys, 10 26 12 28 2 3 47 5. 4
ﬁqji':}:;: }u 0 44 53 2 43 22 N. 4
A Aguariis, 11 g 3 53 0 22 56 8. 4
¢ Aquarius, 11 14 87 50 13 .7 S. 5
& Pisces, o 1t 38 21 2 9 44 N. 4
1 Pisces, 0 15 1 3 1 & 37 N. 4
L Pisces, 0 17 21 36 0 13 11 5 4

In order to find the time when the Moon will
eclipse any of the stars in the preceding cata-
logue, or any others which lie 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 a3
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 it,
" the occultation, if other circumstances render
it one, will be visible. In order to find whe.
ther the Moon will pass above or below the

CHAP,
i
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300 On Occultations.

star, or over it so as to produce an occulta-
tion, we must compute her parallax in latitude,
which, subtracted from the Moon’s true lati-
tude, if it is north, and added to it, if it is south,
will give her apparent latitude, as seen from
the surface of the Earth, at the given place.
If the difference between the Moon’s apparent
latitude thus found, and the latitude of the star,
does not exceed the Moon’s semi-diameter, she
will pass over the star, and produce an occulta-
tion. When this difference exceeds the Moon’s
semi-diameter, and when the latitude of the star
1s 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 lati-
tude is north, and above it when her latitude 1s
south. As the caleulation of the parallax of
latitude is a tedious operation, we shall subjoin
the following Tables, suited to the latitude of
51° 32, and computed with great labour, for
every second degree of the right ascension of
the Mid-heaven, which is one of the arguments
for taking out the Moon’s parallax in latitude,
her horizontal parallax being the other argu.
ment.

The right ascension of the Mid-heaven is
equal to the Sun’s right ascension in degrees,
added to the distance of the given time from
the preceding neon, converted into degrees, &c,
by the Table in volume I, page 157. The me-
thod of finding the parallax of latitude from
the following Tables will be understood by an
example. '

Let it be required to find the Moon’s paral-
lax of latitude at London on the 16th Decem-
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ber 1812, at 10t 15’ apparent time, the Moon’s CHAr.
1 1 "
horizontal parallax being 60’ 327. . ,

_ Diatance from the preceding noon, 100 157,
converted into time by the Table in vo-
lome I, p- 157, - - 153° 45' o”
Sun’s right ascension then, . . 264 55 30

: 418 40 30
- Subtract 12 signs, ~ - - 36 o0 o©

' Right ascension of the Mid-heaven North, 58 40 30

When the sum is above 360e, as in the pre-
ceding example, subtract 860 from it, and the
result will be the right ascension of the Mid-
heaven, for entering the Table, and taking out
the parallax in latitude. If the sum is between
90° and 180, subtract it from 180°; if it is be-
tween 180 and 270, subtract 18¢° from it; and
if it is between 270 and 860, subtract it from
3600,

The right ascension of the Mid-heaven being
38° 40 north, enter Table I, and with 58° 40/
at the side, and the Moon’s horizontal parallax, .
60’ 82", at the top, the parallax in latitude
will be found to be 30" 28~,
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Right ascension
of the Mid-
heaven.

TABLE I, containing the Moon's
Parallax in Latitudé, to every se.
cond degree of the Right Ascension
of the Mid-hcaven, for lat. 51° 32,

NORTH,
or less than 180

degress.

Moon's Morizontal Paralisx.

54" 59| 56 57 58’

o - T L S~ I

14
16
18
R0
22

26
28
30
>
34
a6
38

42

46

E e ! L 4 " 7 ’
3G 20|40 12 | 40 56 41 39
39 1513g 58140 41t a1 M
8 L |3g 44|40 26 41 9
38 34 i3g 17{40 1 40 41
38 4138 46139 27 0 9
37 36138 17138 58 3g 39
37 7137 48 )38 29 3g @
36 3g(3y 190/38 0O 33 40
36 1136 51|37 31 38 11
35 44|36 23{37 2 37 41
35 16135 55 36 34 37 12
34 409135 28136 @& 36 44
34 23{35 1§35 38 | 36 16
33 55134 33|35 10 | 35 47
33 3034 6|34 44 35 21
38 533 41134 18 34 54
32 39133 15133 51 34 27
32 16332 5133 27 34 2
31 5232 27|33 2 33 37
3L 29 (32 332 38 33 12
31 431 3g3:32 13 32 47
30 43 |31 17 |31 51 32 2%
30 2230 55131 29 32 2
30 1(30 35(|31 7 31 40
20 41 130 14 {30 46 31 1g

r
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TABLE I, containing the Moon’s

Right awension | - Perallax in Latitude, to every se-
of the Mid-1  cond degree of the Right Ascension
heaveri of the Mid heaven,.

NORTH, Moon’s Herizontal Parallax.
or e ren | sgr 60 61 61 24"
° ’ *” ’ " ’ oo r
D 142 22043 65]48 48 | 44 6
i 42 7142 49|43 33 | 43 48
2 41 52142 34143 15 | 43 a2
4 141 28142 5142 47 | 43 4
6 40 50|41 3242 13 42 32
8 40 20141 1741 48 4 o
10 39 50 |40 30|41 10 | 41 28
12 {39 20140 ©O]40 3¢ 40 56
14 38 50[30 2pJ40 8 | 40 24
16 38 2038 53139 8y | 39 52
18 37 51038 290139 7 39 24
20 |37 22738 olas 37 | s sz
22 3¢ 53137 31138 @ | 38 23
24 36 24|87 1137 38 | 87 s3
26 35 57|36 3437 10 37 25
28 35 30(36 §i36 41 36 56
30 35 3{35 38(36 14 | 36 23
32 134 37185 12135 47 } 36 1
34 34 1134 46|35 20 | 35 35
36 {33 46134 21i84 55 | 35 ¢
38 33 2133 54|34 28 [ 34 42
40 32 58{33 3284 5 34 18
42 32 84133 8|33 41 33 53

. 44 {32 13 /32 4633 18 | 33 31

, 46 31 51132 23[33 s5 | 33 8§

CHAP.
vi.
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Right ascension
of the Mid-
heaven.

TABLE I, containing the Moon’s

Parallax in Latitude, to every se-
cond degree of the Right Ascension
of the Mid-heaven. ~Continued.

NORTH,

Moon's Horizontal Parailex.

or less than 180
degrees.

54' 54" 56 57 58’

o
48
50
52
54

56

58
60
62

64
66

68

70

72

74

76

78

80

84

87

89

90

, om s e | ¢ T
25 22120 54 30 26 { 30 58
20 3|20 35730 6| 30 38
28 4529 16| 29 48 | 30 190
28 25|28 59120 30 (30 1
28 - 16| 28 30 20 10 [ 29 4t
27 56128 26] 28 57 | 26 28
2y 41128 11|28 41 | 20 12
27 27 127 57128 27 |28 57
2r 15§27 44028 14 { 28 45
2r 3i27 32|28 1} 28 31
26 st{27 2027 50128 19
26 41127 10127 39 [ 28 8
26 32127 1] 27 30| 27 59
26- 23§26 52 27 21 | 27 50
26 16426 45} 27 13 } 27 43
26 926 38|27 7|32 35
26 4{26 33i27 1|27 30
25 5626 24| 26 53 | 27 2t
25 53 (26 21 26 49 | 27 18
25 51126 20| 26 48 | 27 16
25 51126 20| 26 48 | 27 18
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—F . .
| PABLE 2, containing the Moow's
Righeascenaton]  Parallax in Latitude, 1o every ses
) ?;. M| eomd degr.tfe of the Right Ascension|
of the Mid-keaven, f.
NORTH, 1 - Moon's Herizontal Pdrallax,
| g | e | e {or 2
: o NS
48 31 90} 32 2132 B4 32 48
50 }3t rof 3 32 | 32 13 { 32 26
52 J20 st} a2 i, 53132 6
54 {30 32| 31 4 {31 &% | 31 4y
56 J30 130 40 |31 18] 31 25
58 120 53{30-23'30 50 § 31 1
60 29 42130 8|30 #42 | 30 55
62 29 37|20 57 ] 30 ¢ 1{ 30 3ag
64 ) 29 1320 43 | 30 13 | 30 25
66 20 1]20 30 {30 2} 30 12
68 28 49| 29 18 | 20 47 | 30 59
70 1286 87) 26 6] 20 35| 20 47
72 ' 28 20 28 S5t 20 @5 | 20 37
74 28 19] 28 4 | 29 36| 20 28
26 28 11|28 3p {20 s8] 20 20
28 28 4f28 320 1| 29 12
80 27 S8} 28 26 | 28 5[ 20 7
54 27 49|28 18| 28 46| 28 358
87 127 46| 28 14 | 28 42 | 28 24
80 27 44128 18 | 28 40| 28 52
90 27 4428 13 ]| 28 40 | 28 5:]

Pol, 11,

u
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TABLE 11, comaifﬁﬁg’ the Moon'
Right ascenston | Parallex in Latitude, to every se
of the Mid-!  cond degree of the Kight Ascensi
of the Mid-heaven.
: ors::(?:}:‘;m ;. ’ Moon's Horizontal Pm!.llx.l :
1 160 degreon. | 5 597 | 56 57 | s
PN ’ » ’ ” t rr ' "
o 3g 29| 40 12 | 40 56 { 41 30
i 3g 431 40 27 | 41 10 | 41 54
2 3g 57140 41 |41 25 [ 42 9
4 s0 2641 1 | 4 55 | 42 39
6 40 5441 39 | 42 24 [ 43 9
8 41 23|43 8B | 42 54 | 43 39
10 41 51142 87 | 43 23 | 44 O
12 42 19[ 43 S5} 43 52 | 44 38
14 42 470 43 34 {44 21°{ 45 8
16 43 14} 44 2 | 44 80 | 45 37
18 - |43 41) 44 30 45 17 | 46 5
20 44 gl 57 | 45 46 | 46 34
22 44 361 45 25 | 46 14 | 47 2
24 45 0145 50| 46 39 | 47 29
26 45 27| 46 17 | 47 7 | 47 57 -
28 i5 53046 43 | 47 33 | 48 24
30 146 17} 47 8| a7 59 | 48 50
32 46 42| 47 34 | 48 258 | 49 16°
34 47 61 47 58 | 48 50 | 40 4
36 4y 30| 48 22 | 49 14 | 50 6
38 47 53| 48 46 | 49 38 | 50 3
40 48 15149 8| s0 1 |50 54
L 42 48 86149 30 | 50 23 | 51 16

1
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TABLE II R coﬁtaz'}u'ng the Moon’s

mg?t:::' el . Paraliax in Latitude, to every se.
heaven, cond degree of the Right Ascension
of the Mid.heaven,
SOUTH, i Moon's Herizontal Parallax,
or more then i r ——
180 degrees. -50° gy 614 24"
. © L ’ " ’ ’ r .
¢ 42 221 43 5 | 43 48 | 44 6
1 42 37 1 43 20| 44 3§ 44 20
2 42 52| 43 361 44 19 | 44 36
4 43 23 | 44 7 | 44 51 |45 8
6 43 84 1 44 381 45 22 | 45 40
8 44 241 45 9145 54146 12
10 44 54| 45 407 46 25 | 46 44
12 45 241 46 10 } 46 56 | 47 16
14 45 54 | 46 41 Vay 27 | 47 44
16 46 241 47 11 | 47 57 | 48 18
18 46 53| 47 40 ) 48 27 | 48 48
20 47 22} 48 10{48 58 149 8
22 47 51} 48 40 | 49 28 | 49 48
24 48 1871 49 7 | 40 55 50 15
26 48 40} 49 36 ] 50 24 | 50 47
28 49 13| 50 3 )50 53 | 5t 14
20 49 40| 50 31 | 51 201 51 41
32 50 71350 58|51 48 )82 g
34 50 33 sr 25 5% 151 52 36
36 50 58 51 50152 4135 2
38 §1 23 52 15 {33 7 | 53 28
40 51 467 52 30 [ 5% 31 1 53 53
42 52 o 53 2|53 55138 16

U2
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- \TABLE 11, containing the Moon'

e e 3*8:}‘ oo Parallaz in Latiwc{e,_ Yo every

heaven. cond degree of the Right Ascens

of the Mid-heaven.

SOUTH, ' "'xaan’sm'dzomirr.ﬁﬁ‘:‘ =
a;‘?;r;:::n ssgl] 56 57 58
.0 Ty m T ¢ om )T :.‘;ﬂ
46 148 syl 49 51 )50 45| 53 38
46 49 1B} 50 12 3351 615 O
48 4g 37150°83 {58 36 52 21
50 4g 561 50 51 | 51 45 | 52 40
53 50 17(51 13§52 7| 3% 2
b4 50 311 51 27 {52 19} 53 18
56 50 471 51 43 {52 39 | 53 35
58 51 3}51 5| 82 55| 538 82
60 5 17{ 52 13|53 9|5 6
62 51 324 52 28 | 53 24| 5¢ 21
64 51 451{ 52 41 { 53 37 | 54 34
66 51 57152 53 {53 50| 54 47
48 52 8]53 5|3 2354 59
70 52 18] 53 15 | 54 12 | 55 10
72 52 38153 25 1 54 22| 55 20
4 52 85153 33 | 54 30| 55 18
76 52 43 53 4} | 54 39 | 35 38
78 52 40| 53 47 | 54 45 | 55 43
80 52 55153 53 54 &1 55 49
84 53 3{34 154 359|355 &7
87 53 6|54 4|35 2] 56 o
g 53 7|8 6 )85 4! 56 2
Q0 53 7455 6|3 4|56 2
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_ {T'ABLE II, containing the Moon's c}t!'tp.
Right miendlon | Parallax in Latitude, to every se- ——
heaven. cond degree of the Right Ascension|
of the Mid-keaven.
SOUTH, Moon's Horizontal Pargliax.
e | 590 | 60 6r | 61 247
- ¢‘ ’ ” ’ I ’ "o ’ " I
4¢ {52 3258 25! 5¢ 18| 54 40
46 53 53138 47| 54 40 | 55 2
48 53 15]54 g!55 3} 55 24
50 53 35|54 20| 55 23 | 55 46
52 53 57|54 52155 46 | 56 8
54 54 1355 8|56 2] 56 24
56 54 30]55 25156 19! 56 43
58 54 46155 421 56 37| 57 o
60 55 2155 58] 56 53| 57 16
62 55 1756 13|57 9| 57 32
64 55 3056 27|57 23 [ 57 4G
66 55 4356 40| 57 37|58 o
68 s5 56156 5357 49} 58 13
70 s6 715 4}58 11§58 24
7% 56 17|57 14|58 11|58 34
74 56 25|57 23] 58 20 | 58 43
76 56 34|57 81) 58 28 | 58 &2
78 56 4057 38| 58 35 | 58 35p '
80 56 46157 44} 58 42} 59 &
84 56 55|57 53[ 58 511 50 14
87 56 58 (57 56| 98 54 | 50 18
85 57 O\57 58| 58 56 | 59 20
9o . &7 .o0lay 381 48 86 | sp. 200




- - CHAP,

¥I.

510 On Cccultations.

Without the aid of the Moon’s parallax in la-
titude, we may find, in some cases, by the fol-
lowing rule, 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° 37, no occultation can take
place; and if the difference be 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 parallax in latitude, to ‘ascertain whe-
ther or not an occultation will take place.

If it appears that an occukation will happen,
we must then find, from astronomical tables, or
from the nautical almanack, the longitude and

‘Jatitude of the Moon at the time of conjunction,

the longitude and latitude of the star, the horary
motion of the Moon in longitude at the time of
conjunction ; the horary 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 occul-
tation, as in the following example,

ExamrLe,

Let it be required to find whether or not the
conjunction of the Moon with Aldebaran, in
the month of December 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 oh the 16th of De-

cember, when the longitude of Aldebaran, ac-
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cording to Dr. Maskelyne, is 2* 7° 10’ 29, and cua®.
its fatitude 5° 28’ 47" south, Tt will appear also V-
from the calculation of the Moon’s place, either

by Mason’s Tables, or from the nautical alma.
nack, that the conjunction . takes place at 10*
"0 877 apparent time, at Greenwich, when

the Moon’s longitude is 2' 7° 10’ 29", her la-
titude 4° 53° 13" south, her hourly motion in
longitude 87/ 87, her hourly motion in lati.
tude 50/; her horizontal parallax 60/ 827/,

and - her horizontal semi.diameter 16’ 307, In
order to determine whether or not an occulta~

tion will accompany this conjunction, we must
find, from the preceding Tables, the Moon’s
parallax in latitude, thus, :

Time past noon, viz. 108 20° 37"/, cone

verted into degrees of the equator, 155° o 18"
Right ascension of the Sua then, 264 27 15

. Sum, = - . 4t 36 30
Subtract 12 signs, - - - 30 o0 O

Right ascension of the Mid-heaven north, 59 36 30

With this argument we obtain from the
Table, p." 305, 30’ 30"/, for the Moon’s parallax
of latitude, which, added to the Moon’s latitude,
4° 5%’ 187, because it is south, gives 5° 28/ 48/
for the Moan’s apparent latitude. The differ-
ence between the latitude of the star and the
Moon’s apparent latitude being 5 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 projecting this and other occultations, we

~ raust first find the inclination of the axis of the
ecliptic to the circle of latitude corresponding
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to the pointof the acliptic in which the sar is,
placed; or, what is enough 2t present, the dis..
tance of the stan from the nearest solstitial, poiat. 5;
and likewise the apgle of the Moon’s visible
path with the ecliptic. For this , Sube
tract the longitude of the star from, 3, if ite
langitude is between O' and 3%, ox fram &, if
its longitude is between 6' and:9°; but i the;
longitude: of the star is between 3*and. 6°, suly
tract 8* from it, and if. it is hetween 9 amd 12",
subtract. 9 from it, and, the remainder -will ba.
the distance of the star from the nearsst selstir.
tial point. Thus,

In the present case, the longitude of the:
star i3 28 7¢ 10" 29", between 0% and
3%, so that we have - LI o ¢ A
- 2 ¥ 19 29

Distance of Aldebaran from the nearest
solstitial point, reckoned on the eclip. _
tit, - - “ S0 22 49 3)

In order to find the angle of; the Moon’s vi-
sible path with the ecliptic, say, as the Moon’s
hourly motion in longitude is to'her hourly mo-
tion in latitude, so is Radius, to-the tangent. of
the angle of the Moon’s visible path with the
ecliptic. Thus, '

A 37 3" or 22237 3.3460395
Isto 0 350 _ 1.698g;00
Sois R.go @ 10.0000000

T'o the tangent of the angle of the,
Maor’s path, 1917’ 19" 8.3520305

Let us now collect all the elements which are
necessary for projecting the occultation.
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.I‘.'_ ‘Apparent t:me of conlunctmn in

ccember 1812, - - 168 106 2pf 37 CHAP.
2, Longingde of r.hc Moon and of ¥
i Aldebﬂran thcn,' . . o8 70 10 29 s

3. La.t.ltude of the Mooen south des
creasing or hscendmg to the

. morthy G 4 33 »3
4, Latitnde-of Addebmu muth, ¢ 5 23 47
5. Difference of latitude, - @ 0 35 .34
6. Distance of Aldcbaran from the

nearest solstitial point, - O 22 49 31
}' Hourly motion of the Moos in Jon-
: Hm - 0 o0 37, 8
Q urlg mation of; theMnon inh- |
T, titude, - 0 0 a 50
9. Moon's horizontal pa.rallax, 0 ¥ 0 a2
10, Moon's horigontal semi.diameter,, @ 0 16 3@
3i. Right aseension of the Sunin time, O 37b 37 49
12 Right ascension of Aldebaran in

time 0 4 25 13

19, Time of Aldebaran's southmg, or

: the diffarence between the Sun’s

right ascension aud that of the :

. etan, - - - 0 10 47 123

14., Declination of Aldebaran north, 0 16° 7 23
15, Angle of the Moon’s visihle path

with the ecliptic, - o 1 17 19

Method of projecting Occultations of the Fived
Stars and’ LPlanets by the Moon.

-"From a scale of equal parts CB of any con- plae 1v,
venient length, take, with the compasses, 6¢/ 57 Fig-9-
397/, the Moon’s horizontal parallax, or the
semi-diameter of the Earth’s disc, and having
described the semi.circle A HB, which will re-
pvesent the northern balf of the Earth’s disc,
draw CH at right angles to AB, for the axis
of the eclipticc. Make C A the radius of the
fine of chords on the Sector, and having taken
from it the chord of 23° 3¢, set it from H to
@ and n, and draw the line m#n, cutting CH
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cuaP. in T, With T m or T z as the radius of the line of
L sines in the sector, take the sineq 420° 49 3177,
the distance of Aldebaran from the nedrest solsti.
* tial point, and set it from T to Pon'the right hand
of CH, the axis of the ecliptic,” when the_'lon'-
gitude of the star is 9%, 10% 11%, or I*, 2*; but
on the left hand of C H when' the longuude df
the star is 3', 4%, 5° v*, 7', 0or 8%, .

From the h,p of chords on, the sector, with
the radius C A, take 36° 81/, the co-latitude of
Greenwich, and set it from o0, where C P.meets
- the circle, to Z' and Y, and draw the dotted
lineZLY. With CAas radius, take the de.
clination of Aldebaran, 16° 77 23", from the
line of chards, and ser it both ways from Z and
YtoDand F, and to E and G, and draw the
dotted lines DE and F G Blsect the line
X X in K, and draw the dark line LV K IV per-
pendicular to CK. Take the distance o Z, or
oY, which is the chord of 38° 81/, the co la.
mude of Greenwich, and set it from K to IV
and LV, :

With KIV as the radms of the lme of sines,
set off K.a, K @', equal to the sine of 15°; Kb,
K, equal to the sine of 40"; Ke, K¢/, equal
to the sine of 45°; Xd, K d, equal to the sine
of 60°; and Ke, K ¢, equal to the sine of 75°;
and through these points -draw occult dorted
lines parallel to X K X. Then, with X X as
the radius of the line of sines, take the sine of
75°% and set it from a to 1X, and from a’ to
X1, on both sides; set the sine of 60° from & to
VIIL, *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* from d to
VI, and from & to II, on both sides; and, fi-
nally, set the sine of 15 degrees from e to V,
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and from-e’ to IIl. Then, through the points 'C'{,?P-
v, v, VI, VII, ViII, IX, X, XI, XII, I, I, 111, __ ~
LIV, V, &c. draw the ellipsis IV, X, IV, X,
which will represent the path of Greenwich on
the Earth’s disc. The half-hours might have
been drawn upon the elliptical path, by taking
the sines for every 74°, and the quarters, by
taking the sines for every 8;°. At the points
where the elliptical path cuts the line C o, put
X* 47’, the time of the star’s southing, and
continue the hours all the way round the cir-
cumference of the ellipse, as in the figure, the
time of the star’s southing being always placed -
at the extremity of the conjugate axis of the
-ellipse. The lower side of the ellipse repre-
sents the path of Greenwich when the star is
above the horizon, if its declination is north;
but the upper part of the ellipse will represent
the path of Greenwich when the star is above
the horizon, if its declination is south.

With CB 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’s lati-
tude is decreasing, or since she is ascending
north towards the ecliptic.  'When her latitude
is descending, the point M will lie on the left
hand of H.

Take the difference between the latitude of
the Moon and Aldebaran, viz. 0° 85’ 84’/, and
set from C to z upon the line C M, and through
the point x draw the line R S perpendicular to
C M for the path of the Moon.

Take the Moon’s hourly motion in longi-
tude, 37’ 8’/, from the scale C B, and making
it the length of a separate scale, divide it into
60 equal parts for minutes. Take 47’ 28", the
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time of the conjuriction after 10 o’clock, and
from this scale, set it from z towardst he left
hand on the line of the Moon’s path, the other
point will mark out the hour of X. Take the
whole length of the separate scale in the com.

* passes, and set it from X to XI, from XI to

XH, and from X to IX, and divide each of
these spaces into single minutes, or into every
five and ten minutes.

Apply one side of a square to the Moon’s
path R S, and move it backwards and forwards

- till the other side cuts the same hour and mi.

nute in the path of the Moon, and in the path
of Greenwich, as at r and 5. The instant thus
found, which, in the present case, is 10" 32/,
will be the moment of visible conjunction, or the
middle of the occultation.

Take the Moon’s semi-diameter, 16" 807,
from the scale C B in your compasses, and set-
ting one foot on the Moon's path, en the right
hand of C M, and the other on the path of
Greenwich, move them backwards and for-
wards, keeping each foot upon its proper path,
till both the feet fail upon the same hour and
minute in each path asat ¢, This particular time,
which, in the present case, is §° 53/, will be
the beginning of the occultation, or the instant
when the star immerges behind the easternt kmb
of the Moon. Do the very same on the other
side of C M, and you will obtain the end of the

.cccultation, or the time when the star emerges

from behind the western limb of the Moon,
which, in the present case, is 11* 11/, With
the Moon’s semidiameter as radius, and upon
the pomnts u, r, ¢ as centres, viz. the beginning,
middle, and end of the occultation, describe
three circles, which will represent the position
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of the Moon at the begirming, middle, and end cxas.
of the oceultation, while the points 2, 5, and v ¥*
will represent the position of the star at these . '
instamts respectively, r s being the nearest ap.
proach of the centres of -thje Moon and star, or

17 80’’. From the projection we therefore ob-

tain the following results.

Bzﬁinnin -of the occultation, gh 53¢ o
Middle of the occultation, 10 3z O
End of the occultation, - 11 1} o
Duration of the occultation, 1 18 O
Nearest approach of centres, o® 1 30

The method of projection which we have
now explained will answer for occuitations of
the planets, as well as the fixed stars, with this
differsnce 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 planet, if they are moving in
the same direction, or their difference, if they
are moving in opposite directions, for the rela.
tive hourly motion in longitade and latitude.
‘With this refative hourly motion we must find
the inclination of the relative orbit, in the same
manner as we found the angle of the Moon's
vistble path with the ecliptic.

We shall now conclude this chapter with a
Table of occultations, which will be visible dur-
ing the years 1811, 1812, 1813, according to
the calcutations in the Nautical Almanack,

Occultation of 8 Libre, January 20, 1811,
b

Immersion, . " 2k 59 30" M,
Star south of Moon's centre then, © 12 ©
Emersion, - “ 3 41 0O
Star south of Moon’s centre then, © 1t 30
Moon souths, -« - 8 41 ©
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Occultation of Aldetaran, March 1, 1811.

Immersion, - - b 31¥ @’ E.
Star north of Moon’s centre, cC 1 o
Emersion, - - 8 46 o
Star northk of Moon's centre, o 2 4a
Moon souths, - - 5 34 0

Occultation of « Leonis, March 7, 1811,

Fmmersion, - - 105 43" o7 E,
Star south of Moon’s centre, 0 -9 45
Emersion, . - 11 46 45
Star south of Moon’s centre, g 8 45
Moon souths, - - 10 20 ¢

Occuliation of « Leonis, July 24, 1811.

Immersion, - - 8 22 30" E.
Star north of Moon's centre, G 12 45
Emersion, - - 8 56 15
Star north of Moon’s centre, o 12 o
Moon souths, - - 2 538 O A,

Occultation of 1 £ Ceti, dugust 9, 1811.

Immersion, - - 12b 51’ G" E.
Star north of Moon's centre, 0 10 o
Emersion, - “ 13 43 o©
Star north of Moon’s centre, 0 g9 20
Moon souths, - - 4 53 0o M.
Occultation of A dquarii, Septemlber 2, 1811,

Immersion, - - . gk 22 20" E.
Star south of Moon's centre, g 13 20

_ Emersion, - 10 4 30
Star south of Moon's cen:re, a 12 40
Moon souths, . - 12 2 ¢ E.

Cccultation of v Libra, Scptemler 22, 1811,

Immersion, - - 7h 36' 40" E,
Star north of Moon's centre, Qo 1 20
Emersion, - 8 42 30

Star south of Moon 3 centre, o 1 0 '
Moaon souths, » 3 31 o0 A,
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Occullation of v Tauri, October 6, 1811,

Tmomersion, ¢+ . - - 1h 12" 307" M. C‘é-??-

Star south of Moon's centre, ‘D 1 O .

Emersion, - - 2 26 15 T
* Star south of Moon’s centre, 0 3 15

Moon souths, : - - 3 28 O

Occultation of £ Leonis, Qctober 11, 1811,

Immersion, . = - 12b 29 30" E.
Star south of Moon’s centre, 0 4 0
Emersian, - 13 20 0
Star south of Moen 8 centre, 0 8 ©
Moon souths, - - 4h 28 0 M.

COccultation of » Aquarii, Octoler 27, 1811,

Immersion, - - sh 227 O A,
Star south of Moan'’s centre, 0 7 15
Emersion, - « 8 22 45

Star south of Maon's centre, 0 7 0
Moan souths, T - 8 42 0

Cceultation of v Tauri, November 29, 1811.

Immersion, - - oh 37 40" K,
. 8tar south of Moon's centre, o 10 30
Emersion, - 10 27 45
Star south of Moou s centre, 0 12 20

Moon souths, - . 11 52 0

Occultation of dldelaran, Novemler 30, 1811.

Tmmersion, C . - 6t "2 30" M.
Star north of Mcoon’s centre, . 0 7 45

. Emersion, - - 6 47 30
Moon souths, - - 11 52 O

Occultation af 1 g Ceti, December 24, 1811.

TImmersion, - - 12k 77 157 E.
Star north of Moon's centre, 0 9 30
Emersion, - - 12 54 O
Star north of Moon's centre, 0 11 0©

Moen souths, - - 7 45 0
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Occuitation of 8 Firginis, January 4, 1812,

Immersion, - - 1th 42° 80" X,
Star south of Hoona cmtre, 0. 7 30
Emaersion, ‘12 39 45
Star south of Moon aceuu'e, B 8 45

Mooa souths, - . = 4.4 o M.

Oocxltation of o Libree, Febraary 6, 1812,

Immersion, S - 4t 19" 157 M,
Star nortk of Moon’s celmt, 0 3 DO
Emersion, 5 30 s
Star north of Moon § centre, o T $0
Moon souths, - - 4 12 O

Ocerltation of d Sagitturii, Felruary 10, 1812,

Tmmersion, - ah. of O"M,
Star south of Moon 3 centre, o 2 40
Emersion, - - 6 11 45
Star south of Meon's centre, 0O 0 30
Moon souths, - - i1 4 o M,

Occultation of v Tauri, February 10, 1812, .

Tmmersion, - - st 11 OTE.
Star north of Moon’s centre, o 7 0
Emersion, - - 6-12 o
Star north of Moons centre, o 5 15
Moon souths, - - 6 1 a

Occultation of 8 Virginis, March 26, 1812,

Ymmersion, - - gh 1y 15" B,
Star south of Moon's centre, -0 14 3O
Emersion, .. - = = 9 33 z0
Star south of Moen’s centre, 0 14 24
Moon souths - - 11 21 @

Occultation of Zubenhakrali, July 18, 1812,
Immersion, - - 1h 52 307

~ Star north of Moon 9 centre, o 6 o

Mooa souths, - - 0 26 ©
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Occultation of u Ceti, July 31, 1812,

Immersian, - - 2b 287 307 M. CHAP,
Star north of Moon’s centre, 0O 10 O VL
Emersion, - - 3 23 45 bt
Star north of Moor’s centre, ‘D B O
Moon souths, - - 6k 0o o
Occuitation of f Tauri, August 28, 1812,
Iramersion, - - 4b 45 0" M.
Star south of Moon’s centre, o 6 0
Moon souths, - - 4 54 0O
Occultation of v Piscium, Octoler 20, 1812.
dmmersion, - - zh 27 s M.
Star north of Moon®s centre, 0 2 0O
Emersion, - - 4 18 0
Star north of Moaoon’s centre, 0 2 40
Moon souths, - 10d 11 46 o
Occultation of s Ceti, October 21, 1812.
Immersion, . = - 5h 21" 157 M.
Star north of Moon’s centre, 0 12 20
Emersion, - - 6 1 45
Star south of Moon’s centre, 0 11 20
Moon souths, = 20d 12 43 0O
Occultation of f Tauri, October 21, 18172,
Immersion, - - gh 54 30" E.
Star south of Moon’s centre, 0O 6 o
Emersion, - I 50 15
Star south of Moon & Centre, 0 8 45
Moon souths, - 2d 1 41 o
Occultation af o Tauri, Octoler 22, 1812,
Immersion, - 5b 33" 30" E
Star north of Moon § centre, 0 13 30
Emersion, - - § 50 30
Star north of Moon's centre, 0 13 15
Moon souths, - - 14 40 0
QOccultation of Aldebaran, Qciober 22, 1817.
Immersion, - - 11h 577 QT E,
Star north of Moon’s centre, o 11 30
Emersion, - - 12 50 30
Star north of Moon's centre, 0 8 30
Moon souths, - - 14 40 ©O

Pol. IT1, ' X
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Occultation of w Towri, Novemler 10, 1812,

Immersion, - - 6h 17" 30" M.
Star south of Meon’s centre, 0 12 0
Ememion, - - 6 56 30
Star south of Moon’s centre, 0 10 45
"Moon souths, - 184 12 19 o

Occuliation of w Ceti, December 15, 1812,

“Immersion, - - 2h 117 45" M.
Star south of Moon® s centre, S0 4 48
Emersion, - - 3 6 15
Star south of Moon's centre, 0 3 10
Maoaon southsy, =~~~ 1448 55 o

Occultation of f Tawri, December 15, 1812,

Immersion, - - 7b 36 o' E.
Star south of Moon's centre, .. o g 15
Emersion, - - 8 29 30
Star-south of Moon's centre, - 0 11 30
.Moon souths, - - 9 51 O

Oceultation of A'Idebaran, December 16, 1812,

Immersion, - - gh 47" 30" E
Star north of Moon's centrey 0O 1 O
Emersion, - - 10 55 15
Star south of Moen’s centre, 0O 2 o
Moon souths, - - 10 48 0

Occultation of v Tauri, January 12, 1813,

Immersion, - 12h 44’ 0" B.
Star south of Moon 8 centre, 0 7 0
Emersion, - 13 38 30
Star south of Moon 8 centre, 0 6 24
Moen souths, - - 8 23 0

Occultation of p Ceti, March 6, 1813.

Immersion, - gh 30° o' E.
Star north of Moon & centre, 0 5 48
Emersion, - - 9 30 30
Star north of Moon's centre, o 7 2
Moon souths, - - 3 16 0 K.
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Occullation of Aldebaran, March 8, 1813,

Yramersion, - - 6 & o
Star nerth of Moon’s Oentre, 0 2 30
Emersion, - 7 15 0
Star north of Maon's centre, 0 0 50
Mooan souths, - - 5§ 7 o0
Occultation of v Libre, dpril 17, 1813,
Ymmersion, - - i0h 26 o E.
Star north of Moon’s centre, @ 2 20
Emersion, - - 1} 37 15
Star north of Moon’s centre, 0o 6 20
Moaon seuths, - - 13 46 0O
Occultation of v L;bnr, April 18, 1813.
Immersion, - 4 33° o' M.
Star south of Moon's centrc, o 5 0O
Moon souths, - - 13 46 0
Occultation of 2 & Ce!:,f.fum 24, 1813,
Immersion, - 2k 42 O M.
Star north of Moon’s centrc, 0 g 40
Emersion, - - 3 30 0
Star north of Moon’s centre, 0 8 20
Moon souths, - - 8 18 © M
Occultation of Regulus, July 1, 1813,
Immersion, - gul Y ot 28 0" K.
Star south of Moon's centrc, G 7 5
Emersion, - - 10 13 15
Star gouth of Moon’s centre, o g9 o
Moon souths, - - 3 5 0
Occultation af n Libre, July 8, 1813, .
Iremersion, - 11k 48" (" E,
Star south of Moon 3 centre, 0 10 40
Emersion, - - iz 33 0O
Star south of Moon’s centre, 0 10 40
Moon souths, - - 8 18 O
Occultationof 1 o 8 ;itam, July 11, 1813,
Immersion, . =~ "% p 10k 58’ 157 E.
Star sonth of Moon s contre, 0 8 45
Emersion, - - 12 7 40
Star gouth of Moon’s centre, 6 7 15
Moon souths, - - 10 33 o

£ 2
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Occultation of 2 wSagitiurii, July 11, 1813,

Immersion, - - 12 3 30" E.
Star north of Moon's centre, o 12 0
FE mersion, - 12 50 30
Star north of Moon s centre, 0 12 20
Moon souths, - - 0 39 O

Occultafion of = Segittarii, July 12, 1813,

Fmmersion, . - 12k 517 40" E.
Sear south of Moon’s centre, 0O 4 20
Emersion, - - 14 6 i5
Star south of Moon’s centre, o 4 10
Moon souths, r - M 28 O

Occultation of ¥ Aquarii, Augusl 13, 1813,

Immersion, . - t1ix 5 o” E.
Star south of Moon's centre, 0 12 45
Enhiersion, - - 3t 48 30
Star south of Moen's centre, 0 12 30
Moon souths - - 13 36 O

Occultation of 2 & Celi, Seplember 13, 1813.

Immersion, - - gh 55" o” E,
Star north of Moon's centre, a 10 0
Emersion, - - g 44 0O
Star north of Moon's centre, O g o0
Moor souths, - - 15 3 ©

Occultution of u Celi, November 7, 1813,

Immersion, - - 128 200 o' E.
Star north of Moon’s centre, 0 1 40
Emersgion, * - - 13 38 20
Star south of Moon’s centre, o @ 20
Moon souths, - " 11 42 ©

Occultation of 8 Capri co'rm, Novemler 29, 1813,

Immersion, - Gh 17 45"
Star south of Moon's centre, 0 10 15
© Emersion, - & 57 30
Star south of Moon $ centre, 0 It 0
5 13 O

Moon souths, - -
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Occuliation of v Gemini, December g, 1813,

Imméﬁiothn, M - - 1k 3" " M, C}#P'

Star south o oon'a centre, Q 7 40 1__.,,.__' P

Enersion, - - 2 39 45

Star south of Moon’s centre, 0 g 30

Moon souths, . - 1 14 0 M,
Occultation of | ¥ Agquarii, Decemler 28, 1813.

Immersion, - - 78 317 157 R,

Star south of Moon’s centre, 6 9 45

Emersion, - - 8 25 45

Star north of Moon’s centre, G 8 30

Moon souths, - - 4 32 ¢

Oceulintion of 2§ Aguarii, December 28, 1813,

Immersion, - “ Bb 27’ 30" F,
Star south of Moon's centre, o 8 45
Emersion, - - 9 19 15
Star south of Moon's centre, 0 g 30
Moon souths, - . 4 32 0O

‘The method of computing the various phe.
nomena of occultations, without the aid of pro-
jection, will be seem in La Lande’s Astronomy,
tom, Ii, and in Hutton’s Miscellanea Mathema-
tica. See also Vince’s Astronomy, vol. I, and
Dr, O. Gregory’s Astronomy, p. 368.






CHAP, VII,
On Transits.

.As Mr. Ferguson has already given a full ac-
count of the doctrine of transits, and of the
method of projecting them, in Chapter XXIII
of this volume, we have nothing of import.
ance 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 hap-
pened during the last century, and which are
still to happen during the present; and likewise
the elements of all the transits of Venus, from
1631 to 2984. :

May 5, 1707,

Mean time of conjunetion, - 1ho1g osg
Geocentric longitude of the Sun

and Mercury, - 1* 14 40 O
Middle apparent time, - 1th 25 16
Semiduration of the transit, 357 8

Nearest approach of centres, & o 58 N
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November §, 1710,

Mean time of conjunction, 11h
==Y Geocentric longitl.{de of the Sun
and Mereury, - 7% 14°
Middle apparent time, - 11h
Semiduration of the transit, )
Nearest approach of centres, 0
November 9, 1723,
Mean time of conjunction, 5h
-Geocentric longitude of the Sun
and Mercury, - 78 160
Middle apparent. time - 5h
Semiduration of the transit, 2
Nearest approach of centres, 0

Novemlber 10, 1736.
Mean time of conjunction, 22h
Geocentric longitude of the Sun

and Mercury, - 7% 19°
Middle apparent time, - 22h
Semiduratton of the transit, 1
Nearest approach of centres, 0

May 2, 1740

Mean time of conjunction, 10h
Geocentric longitude of the Sun '

-and Mercury, - 1 120
Middle apparent time, - 12h
Semiduration of the transit, 1
Nearest approach of centres, -0

November 4, 1743,

Mean time of conjunction, 22h
Geacentric longitude of the Sun

and Mercury, - - %8 3730
Middle apparent time - 22b
Semiduration of the transit, 2
Nearest approach of centres, 0

May 5, 1753,

Mean time of conjunction, 1gh
Geocentric longitude of the Sun '

anrd Mercury, - 15 150

10
10

42

16’

37
46
15

20

48

3!!
50
39
18
20 Sv .

39]'!'

20
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" Middle apparent time, - 18h 17*
- Semiduration of the transit, 3 3
Nearest approach of centres, o 2
November 6,1756.
Mean time of conjunction, 10 8
Geocentric longitude of the Sun
and Mercury, - 75 15° 13
Middle apparent time, - 16h 26
Semiduration of the transit, 2 42
Nearest approach of centres, 0 1
Nuvember 0, 1769,
Mean time of cenjunction, gh 53¢
GeocentricJongitude of the Sun :
and Mercury, - 75 17° 50
Middle apparent time, -~ 16h 1
Semiduration of the transit, 2 23
WNeavest approach of centres, w7
‘avember 2, 1776
Mean time of conjunction, gh o
Geocentric longitude of the Sun
and Mercury, - 78 11° 3
Middle apparent time, - gh 40
Semidaration of the transit, o 36
Nearest approach of centres, 0 15
November 12, 1782,
Mean time of cenjunction, 3h 39/
Geocentric longitude of the Sun
and Mercury, - 79 20° 26
Middle apparent time, - 3h 31
Semiduration of the transit, : 0 37
Nearest approach of centres, G 15
May 3, 1766,
Mean time of conjunctien, - i 2
Geocentric longitude of the Sun
and Mercury, - 1% 13° 49
Middle apparent time,  ~ 16 35
Semiduration of the transit, 2. 44
Nearest approach of centres, o 1

329
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59
37
2 N.
46"

49
44

20 N.

46”
36

42
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22"

41
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Novemler 5, 1789.
Medn time of conjunction,
Geocentric longitude of the Sun

and Mercury, - 73
Middle apparent time, - 3h
Semiduration of the tranait, 2
Nearest approach of centres, 0

May 7, 1799.
Moean time of conjunction, 1
- Geocentric longitude of the Sen

and Mercury, - 1% 16°
Middle apparent time, - 1h
Semiduration of the transit, 3
Nearest approach of centres, o

November 8, 1802,
Mean time of conjuncrion, 20k
Geocentric longitude of the Sun

and Mercury, - 77 160
Middle apparent time, - 21b
Semiduration of the transit, 2
Nearest approach of centres, ]

November 11, 1815,
Mean time of conjunction, 14h
Geocentric longitude of the Sun

and Mercury, - 78 18°
Middle apparent time, < - 14b
Semiduration of the transit, 2
Nearest approach of centres, 0

Novemler 4, 1822
Mean time of conjunction, 13h
Geocentric longitude of the Sun

and Mercury, - 78 12¢
Middle apparent time, - 14h
Sembduration of the transit, 1
Nearest approach of centres, 0

May 4, 1832
Mean time of conjunction, S &
Geocentric longitude of the Sun
and Mercury, - 1* 14°

44}
27

4!
54

53
42

47"
16

43

34’
52

36
13

53’

30
21
14

51/

29"

48
40

22 8.

29"
11

22 .
31 So

41?!

27
10
19.

0 N.
58”
42
58

52
14 N,

13"
53
14
87

0 S‘
22"

45
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Middle apparent time, - ok 18

Semiduration of the transt, 3 28

Nearest approach of centres, - ¢ 8
. Novemler 7, 1835.

Mean time of conjunction, | - 7h 47!

Geocentric longitude of the San

" and Mercury, - 7t 14" 43
Middle apparent time, -~ 8 12
Semiduration of the transit, 2 33
Nearest approach of centres, ”. S0 5

. - May 8. 1845,
Mean time of conjunction, .- 7b 54
Geuocentric longitude of the Sun .

" and Mercury, - 17 18° 1
Middle apparent time, - . 7k 82
Semiduration of the transit, » 3 22
Nearest approach of ceatres, = 0 8

. Novemler g, 1848,
Mean time of conjunction, .18 37
Geocentric longitude of the Sun
and Mercury, - 78 17° 19
Middle apparent time, - 1k 49
Semiduration of the transit,: . 2 41
Nearest approach of centres, - o 2
Novemlber 11, 1861,
- Mean time of conjunction,” gk 20’
Geocentric lorgitude of the Sup
aad Mercury, - = 78 19° 54
Middle apparent time, - Igh 20
Semiduration of the traasit, . 2 0
Nearest approsch of centres, 0 10
November 4, 1868,
+ Mean time of conjunction, 18t 43f
-, Geocentric longitude of the Sun
and Mercury, - 7°13° g

Middle apparent time, - 1gh 18
Semiduration of the transit, 1 45
Nearest approach of centres, G 12

831
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Muy 6, 1878,
Mean time of conjunction,
Geocentric longitude of the Sun
and Mercury, - 17
Middle apparent time, -
Semidvration of the transit,
Nearest approach of centres,

Novemlber 7, 16881.
Mezn time of conjunction,
Geocentric Tongitude of the Sun
and Mercury, - 7*
Middle apparent time, -
Semiduratton of the transit,
Nearest approach of centres,

May 9, 1851,
Mean time of conjunction,
Geocentric longitude of the Sun
and Mercury, - 18
Middle apparent time, - -
Semiduration of the transit,
Nearest approach of centres,

November. 10, 18g4.

Mean time of conjunction,
Geocentric longitude of the Sun
and Mercury, L. rkd
Middle apparent time, -
Semiduration of the traneit,
Nearest approach of centres,

6h

16

38’

3

6 55

3
G

12h

15

1g®
14k

2 .

o .

53
4.

39’

46
59

39 .

44!’

13
4
12

G 17/

18°
7]
2
0

22
36
37

4

30”

50

14

31

39 N.

ag”

&7
33

57 8.

5?"

46

21 8,
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Transits of Penus over the Sun’s Disc, from
1631 to 2984,

becember 6, 1631.

Mean time of conjunction, 17h 18" 29" C;li}'l’ ’
Geocentric longitude of the Sun e

and Venus, - 8% 14° 58 50
Middle apparent time, - 16h 33 23
Semiduration of the transit, 1 38 5
Nearest approach of centres, o 14 56 N,

December 4, 1639, .

Mean time of conjunction, 6 o 20
Geocentric longitude of the Sun

and Venus, - B% 12° 32 15
Middle apparent time, - 6h 30 20
Semiduration of the transit, 3 17 0
Nearest approach of centres, 0.9 08

June 5, 1761,

Mean time of conjunction, 178 350 14"
Geocentric [ongitude of the Sun

and Venus, - 2% 15° 36 31
Middle apparent time, = izh 20 s0
Semidurgtion of the transit, 3 8 ¢
Nearest approach of centres, 0o g 30 5.

Jupe 3, 1769, :

Mean time of conjunction, gk 58" 34"
Geocentric longitude of the Sup

and Venus, - 28 13° 37 8
Middle apparent time, - 10k 27 3
Semiduration of the transit, .2 59 53

Nearest approach of centres, 0 10 10 N.
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December 8, 1874,

Mean time of conjunction, 1
Geocentric longitude of the Sun

and Venus, - 8¢ 16°
Middle apparent time, - 15h
Semiduration of the transit, 2
Nearest approach of centres, 0

December Gy 1882,

Mean time of conjunction, 4b
Gecocentric longitude of the Sun
and Venus, L= & 14°
Middle apparent time, - 4b
Semidurziion of the transit, - 3
Nearest approach of centres, 0
June 7, 2004,

Mean time of conjuaction, .
Geocentric longitude of the Sun

and Venus, . S~ 2% 170
Middle apparent time, " =~ 20
Semiduration of the transit, 2
Nearest approach of centres, G

June 5, 2012,

Mean time of conjunction, - . 13h
Geocentric longitude of the Sun

and Venus, .- 28 150
Middle apparept time, - 13h
Semiduration of the transit, 3
Nearest approach of centres, o

-

December 10, 2117, .

Mean time of conjunction, . .. 14k
{zeocentric longitude of the Sun

and Venus, = .. B*18°
Middle apparent time - 14h
Semiduration of the transit, 2
Nearest approach of centres, 0

December 8, 2125,

Mean time of conjunction, - 3h
Geocentric longitude of the Sun
and Venus, - gy 16°

37 49
43 28

13 51 N,

16 24¥

29 14

10 29 8.

26 59
i1 19 S.

17 40

45 22
37 26

20 45

8 20 N.

57 1711‘
56 52

22 50
13 o N.

g 20

28 33
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Middle apparent time, - * ak
Semiduration of the transit, 2

Nearest approach of cantres, o
June 11, 2247,
Mean time of conjunction, cbk
Geocentric longitude of the Sun
and Venus, - P 300
Middle apparent time, - 23h

Semiduration of the transit, 2

Nearest approack of centres, o
June 8, 2%55.
Mean time of conjunction, 16b
Geocentric longitude of the Sun
and Venus, - 2 1e°
Middle apparent time,  ~ 16k

Semiduration of the transit, 3

Nearest approach of centres, ]
December 12, 2360,
Mean time of conjunction, 13k
Geocentric longitude of the Sun
and Venus, - B% 200
Middle apparent time, - 13h
Semiduration of the transit, 2
Nearest approach of centres, o
December 10, 2368.
Mean time of conjunction, 2h
Geocentric longitude of the Sun
and Venus, ' - g 18°
Middle apparent time, - 2k

Semiduration of the transit, 2
Nearest approach of centres, o

June 13, 2490.
Mean time of conjunction, 3b
Geacentric longitude of the Sun
and Venus, 3° 220
Middle apparent time, 3r
Semiduration of the trangit, 1
Nearest approach of centren, 0

-

-

44

11

21°

13

&1

13

0’
27
38
29

12
49’

31
13

1§

835

a1
20
28 §.
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* June gy 2408.

Mean time of conjunction, 20h 12/
Geacentric longitude of the Sun
and Venus, - 2% 20 22
Middle apparent time, - 20h 20
Gelluration of the transit, 3 48
Nearest approach of centres, 0 4
Decemlber 15, 20603.
Mean time of conjunction, . 12h 44’
Geocentric lengitude of. the Sun
and Venus, L= g% 22% 55
Middle apparent time, = 12b 25
Semiduration of the transit,” 2 &6
Nearest approach of centres, o 10
Decemler 13, 2611.
Mean time of conjunction, c1h oy
Geocentric longitude of the Sun '
and Venus, - 8% 207 27
Middle apparent time, - 1h 40
Semidgration of the transit, 2 15
Nearest approach of centres, o 13
June 15, 2733,
Mean time of conjunction, 2h 14’
Geocentric longitude of the Sun )
and Venus, - . .28 247 50
Middle apparent time, - 5h 33
Nearest approach of centres, o 17
June 12, 2741, .
Mean time of comjunction, 23b 34
Geocentric longitude of the Sun '
and Venus, - 2% 22° 40
Middle apparent time, - 23h 47
Semiduration of the transit, 3 53
Nearest approach of centres, 0o 2
Decemler 16, 28404, -
Mean time of conjunction, 11h 43’
Geocentric longitude of the Sun
2iid Venus, - B¥ 24° 55°
Mid.ile apparent time, - 11h 26
Semiduration of the transi, 3 7
WNearest approach of centres, =~ = 0 0

4 2’”

37
50
24
20 N,

567
36
55
47 -
50 N
52"

38
31

20 8.

36"

22
20
24
55 N.
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December 14, 2854,

Mean time of conjunction, 6 & ¢,
Geocentric longitude of the Sun
and Venus, - 8% 22° 27 45
Middle apparent time, - o 44 21
Semiduration of the transit, 1 54 10 |
Nearest approach of centres, .0 14 12 §,
June 14, 2084,
© Mean time of ‘conjunction, - '~ 2b 3/ 2!
Gencentric longitude of the Sun S
and Venmy, © .. ~: ;.- 29 24° 5 -1 -
Middle apparent time, - 2k 51 53
Semiduration of the transit, 3 56 ¢
Neacest approgsh of centres, - . 0 0 45 N,

i
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CHAP. VHL

ON THE ABERRATIQN, OF  TRE, HEAVENLY BODIES,
THR PRECESSION OF THE: EQUINOXES, THE NUTA-
TION OF THE EARFH'& AXIS, AND.BHE BARIA-
T10N IN THE OBLIQUITY OF TH_E ECLYPTIC.

cmr. Fr can scarcely be expected, in a work like

VIL  this, that we should enter at any length into
the subjects of this chapter. The greater part
of them are among the most difficult branches
of physical astronomy; and we have been in-
duced to notice them at present, chiefly in order
to supply 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 mathematical rea-
soning, any explanation, however simple, must
be imperfect and unsatisfatory.

'On the Aberration of the Stars.

Aberration
of the stars.

While Dr. Bradley was engaged in a series

of observations to determine the parallax of the

. Earth’s annual orbit, or the angle which the

Earth’s orbit subtends at any fixed star, he dis-

covered a change in the places of some of the

stars, which he called their .fberration, and

which he afterwards found to arise from the

. motion of light, combined with the annual me-
tion of the Earth in its orbit.
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fn order to understand how these motions eyap,
combined shoald produce a change in the places  VviiL
of the stars, let a, b, ¢, d, e represent the path m
of a particle of light emitted by the star S, and sep, Fig.
perpendicular to the plane of the Farth’s orbit !
ABCD, and let us suppose the telescope 1m to
be carried along with the Earth, in its annual or-
bit ABCD. Thatan observer, looking through
the telescope, may see the star S, he must not
direct the telescope to the place S, where the
star really is, but he must inciine it to the di-
rection of the light which comes from the star,
and must point it towards ¢, so that the star will
appear at s, instead of at S, having Ss for its
aberration, or the difference between its true
and apparent place. In order to prove this, let
us suppose that the veloeity of the Earth if its
orbit ABCD, is'the same as the velocity of
Iight ; that the telescope is in the position 1m
w%len the particle of light is at @, and that,"
while the particle moves ffom a to &, from b to
¢, from ¢ to d, and from d'to e, the telescope
moves through the equal spaces, 1, 2; 2, 3; 3, 4;
4, 5, respectively. The moment the telescope
has reached the position 27, the particle will
have arrived at &, and, by means of it, the star
will be visible through the telescope. When
the telescope has advanced to the position 3o,
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
positions 4'p, 5 ¢, the particle will have arrived
at d and e, successively, so that the particle of -
light has really moved along the axis of the te-
lescope, without touching its sides ; and, conse-

Y 2
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cuap, quently, the star S, from which the particle of

VI

Plate V.

S Fig 1l

light was emitted, must have been visible in the
direction of the tube’s axis, and must have ap.
peared in the heavens somewhere about 5. As.
the velocity of light is supposed to be equal to
the Earth’s annual motion, the inclination of tha
telescope to the path of the particle g, b, ¢, d, e
raust be 45°, and the aberration of the star 45°;
but since the real velocity of light is nearly
10,813 times greater than that of the Earth in its
orbit, the inclination of the telescope will require
to be only 207, to allow the particle of 1i§ht to
pass freely along its axis, and consequently S s,
the aberration of the star, will be only 207,

. It is manifest, from the explanation now gi.
ven, that the aberration is always in the direc-
tion in which the telescope or the Farth is mov.
ing. Thus, in the progress of the Earth along.

. the side of its orbit AB, the aberration will

be in the direction Ss ; when the Earth is moving
from B to C, at right angles, to its former direc-
tion, the aberration will be S¢, when the Earth is
moving from C to D, the aberration will be S,
and when it is moving along DA, the aberration |
“will be Sv. Now Ss, 5S¢, Sv, Sw, are each 207,
and consequently the star will describe a small
circle in the Heavens, s ¢t v w, 40/’ in diameter.
Since s is the apparent place of the star, when
the Earth is between Aand B; ¢its apparent
place, when the Earth is between E and A; o
1ts apparent place, when the Earth is at N ; and
w its apparrent place, when the Earthisat F;
it follows that.the star S will always appear QO°
farther advanced in its small circle st vw, than
the Earth will be in its own orbit. _
Hitherto.we have supposed that the star S is
in the pole of the ecliptic ABCD, and conses
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quently that the path a bcde of the particles
of light emitted by the star is at right angles to
‘the motion of the Earth in its orbit; in which
case the aberration will be greatest, and will al.
ways be 207, If the star is situated at P in the
plane of the Earth’s orbit, or in the plane of
the ecliptic, and if the Earth is at E, moving
in the direction EG, at right angles, nearly to
EP, the aberration will be 207, as formerly,
. and the star will appear in the 'Heavens at 1.
During the progress of the Earth from G to N,
the direction ofg its motion is gradually becom-
ing more oblique to the rays of light emitted by
the star, and consequently the aberration will
gradually diminish, and the star will appear
nearer and nearer its true g:ace, till the Earth
arrives 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
is moving from N to F, the aberration will gra.
dually increase in the opposite direction P 7 ; and
when the Earth arrives at ¥, it will again be
20//, and the star will appear at r, the direction
of the light of the star being now at rightangles
to the path of the Earth., During the progress
of the Earth from ¥ 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 its maximum at E. From this we
may conclude, that the aberration of a star si.
tuated in the plane of the ecliptic is the greatest
possible when it is in opposition and conjunction
with the Sun, and that it vanishes when the
star is in - the quadratures. Between the qua-

dratures and the conjunctions and opposmons,'

the aberration varies as the sine of the star's

CHAP.
VI
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cuaP. distance from the quadratures. When the star
VI s placed in the pole of the ecliptic, or in the
plane of the ecliptic, the aberration, being al-
ways in the direction of the Earth's motion,
will consequently be in the direction of the
ecliptic, and will therefore affect only the lon.
gitude of the star, and its right ascension and
declination. If the star, however, is above or
below the ecliptic, and not in its pole, its latl-

tude will also be affected ; but, in all cases, the
aberration will be greatest when the star is in

-~ opposition and conjunction, and least when it is
in 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 op-
posite, direction, unless when it is situated in

the ecliptic. .

Abermtion . The true places of the planets are likewise
Pinete, changed by the combined motion of the Earth
Fute V. and the light which they emit. Let Jupiter be
7% supposed immoveable at O, and let BA be the
space described by the Earth in the time that
the light of Jupiter moves from O to A, or ra.
ther the relative motion of the Earth and Jupi-
ter in that time; then itis obvious that when

the Earth has reached 4, the light of Jupiter
will-have arrived at 4 ; and when the Earth has
arrived at A, the light will be at A, so that
BO or #dwill be the direction in which the
planet is seen, or the direction in which a tele-
scope carried along with the Earth must be
placed, in order that the light of Jupiter may
always move along its axis. When the Earth

is at &, Jupiter will consequently appear at o,
instead of O, so that its aberration O ¢ is equal
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to the space B 5, ‘described by the Eatth in the char
time that the Hight moves from O 10 d. When _ Wii"'_‘.
the Earth amves at A, Jupiter will appear

at o/, and his dberration ‘O o will be equal to

the space BA, described by the Earth in 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 Earth mioves
through 20" 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, -~ -

Sun, - - 20"
Mercury, * - 59%7
Venus, « - - 43¢
Mars, - - « 36 . ;
Ceres, - - - 82 '

- Jupiter, - - - 29
Saturn, - - - 26
Georgium Sidus, 23

These numbers will vary with the elongation
of the planets from the Sun, and with a varia-
tion of their position in their own orbits.*

On the Precession of the Equinoxes.

‘We have aIreadg seen (vol. I, p. 180_),{11“ :rr&t:;:siouni-
the two opposite points, where the ecliptic and joses.

* A full account of the history of this discovery will be
found in the Edioburgh Eucyclopzdia, Art. AsEnRa-
TION.
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thap. equator intersect .each -other, are.called tha
Vill.  Eouinoctial Points, and’ the line which joins
T ¥ them the Line of the Equinoxes. .These points
are not stationary in. the Heavens, but retreat
along the ecliptic,. contrary to the order of the .

signs, at the rate of 50,3 in a year, so that they
perform a whole revolution in- the Heavens in

about 26,000 years. Since the longitudes of

the stars, therefore,are reckoned fram the ver-
nal equinoctial point, and since this point re.
cedes on the ecliptic, the longitudes of the stars

must increase 50”7.3 every year. The cause of
this singular phenomenon we shall now endea~

vour to explain. . - .

Platev.  Let NS be the Farth, Nits north, and S its
dep-Fig3.south pole, AL the equator, inclined to the
plane of the Moon’s orbit AB, and’ald, « 83
the meniscus of redundant matter at: the equa-
tor, by which the globe of the Earth ex-
ceeds an accurate sphere. -Let the Moon now
‘move round the Earth supposed at:rest, and
it will act upon the redundant matter e b d, «83,
in the direction of lines drawn te the Mopn,
from each particle. of the redundant matter.
Thus, if the Moon- is at M, its action on the
particle at /£ will be in the direction of M ;
and this force may be resolved inte two, one
in the direction &N, parallel to the Moon’s
orbit, and the other in the direction &P, per-
pendicular to the plane of the -Moon’s orbit.
“-In the same way, it may be shewn, that in what.
ever part of hér orbit the Moon is,"the force
with which she attracts each particle of re-
dundant matter, whether in the inferior me-
aiscus « 83, or in’the superior theniscus abd,

may be decomposed into two forces, ong o
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which draws; the particle ina direction parallel cHawm
to the plane of the Moon’s orbit, while the V%
other draws the particle down to the plane of
the Moon’s orbit. The forces which act paral-
lel to the plane have obviously no tendency to
alter the distance of the particles from the plane ;
but those which act perpendicularly have a di-
rect tendency to draw the particles down to the
plane, and thus to diminish the angle /ECM,
or the inclination of the Earth’s equator to the
plane of the Moon’s orbit, the intersection C
suffering no change of position. )
Let us now suppose the Earth to be put inPlate Y.
motion round its axis, then all the particles of ¥ F&#
the redundant matter will receive a motion pa.
- yallel to the equator A&, Let the particle /&,
moving in the direction Z£C, be drawn towards
the plane of the Moon’s orbit, by a force which
“would make it describe the space /P in the
same time that the particle itself, by the diurnal
motion of the Farth, would describe the space
AT, Draw Te parallel to ZEP and Pe parallel
to AT, then A e willebe the direction in which
the particle.will move, when acted upon by the
two separate forces AP, AT, Hence it will .
cut the ecliptic in the point ¢ at a greater angle
than it did before, and proceed in the direction
AcT’. The equinoctial point, therefore, which
was formerly at C, will have moved backwards
.to ¢, and the inclinationeof the equator will be
increased, while the particle is moving towards
the equinoctial point ¢. 'When the particle has
passed the point ¢, it is still drawn to the plang
of the Moon’s orbit. Let us suppose it at A,
and that the force drawing it to the plane of the
Moon’s orbit would make it describe the spacq

——
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cHAP. E'P’, in the same time that it is carried from

L, A to T/ by the Earth’s motion; then, in vir.

: tue of these two forces, it will move in the di-
rection A’¢’, as if it had come from ¢’. The
equinoctial point ¢, therefore, has moved still far-
ther along the ecliptic, in the same retrograde
direction, the recesston having been Cc while the
particle was moving from & to ¢, and c¢’ while
it was moving from ¢ to ¢/, ' We have already seen,
that the inclination of the path of the particle,
in its passage from A& to ¢, was increased from
the angle £CB to the angle AcB; but, in its
passage from ¢ to ¢, its inclination has diminish-
ed from the angle /E/cA to the angle €¢’A; so
that, upon the whole, the Moon’s inclination
has not suffered any change, having been in-
creased in the one case, and diminished in the
other. The action of the Moon upon every
other particte of redundant matter will produce
similar changes; and hence it follows, that the ac-

. tion of the Moon upon the equatorial parts of
the Earth produces a recession 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
produced by the Moon during an year is 35”/.2.
The sun will evidently act upon the equatorial
parts of the Earth in a similar manner, and will
produce a similar effect ; but, on account of the
great distance of this huminary, the precession
occasioned by its action is only 1571, the whole
precession arising from the combined action of
the Sun and Moon being 50”.2 every year.



On the Nutation of the Earth’s Axis,

In observing the declination of y Draconis, cwap,
and other stars, Dr. Bradley perceived a change Y%
in their declination, for which he long attempt- o, te no-
ed to discover a cause. He found, however, tation of
that such changes were different in differentfigy """
years, and that they seemed to depend on the
position of the Moon’s nodes.

If the angle Z2CM, which the Earth’s axis Piate v.
makes with the plane of the Moon’s orbit, Su# Fig:>
had been always the same, as it would have
been if the Moon’s nodes had been station-
ary, 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 equator is in-
clined 28° 80" to the ecliptic, and since the
Moon's orbit is also inclined about 5° 3¢ to the
ecliptic, the Moon's orbit must, in certain posi
tions 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 complete revolution, the plane
of her orbit will have every possible inclination
to the Earth’s eqiator between the limits of 18°
and 20°. Now, it is manifest, from Fig. 3, that
the force ZEP, by which the particles of redundant
matter are attracted to the plane of the Moon’s
orbit, must increase or diminish with the angle
ZECM, the angle which the equator forms with
the Moon’s orbit. If this angle remained con.
stant, the precession would remain constant,
and the obliquity of the ecliptic would also be
invariable ; but since theangle £CM varies, in
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¢tar. the course of 18 years, from 18° to 29°, and

Vil from 29° t0'18° the perpendicular force ZEP
is always increasing and diminishing ; and hence
there is not only an irregularity in the preces-
sion of the equinoxes, but also a nuration of
the Earth’s axis, or a change in the obliquity
of the ecliptic. The force /P, therefore, in-
creasing for nine years, will produce a change
of inclination, or a change in the angle /ACM,
which is not counteracted by another change of _
dn equal and opposite kind; and as it will di-
minish during the next nine years, the inclina-
tion will also increase till it reaches its former
magnitude.  This variation will amount to 18’*
at the end of 18 years, the Earth’s axis having
described a small circle in the Heavens, about
©’7 in diameter. By this nutation of the Earth's
axis, the equator will change its place in the Hea-
vens ; and, consequently, the declination of the
fixed stars will increase and diminish during
every revolution of the Moon’s nodes.

On the Diminution of the Obliquity of the
Ecliptic. ,

Dinina.  ‘The obliquity of the ecliptic to the equator
ion of the : 1

Obliquity Was long considered as a constant quantity ; and

;}ilih:i ~ ®ven so late as the end of the 17th century, the

1% difference between the obliquity, as determined

by ancient and modern astronomers, was gene-

rally attributed to inaccuracy of observation,

and to a want of knowledge of the parallaxes

and refraction of the heavenly bodies. It ap.

pears, however, from the most accurate mo-

dern observations, made at grear intervals, that

the obliquity of the ecliptic is diminishing ; and

the theory of universal gravitation fortunately
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rupplies us ‘with a satisfactory explanation of the cuaw,
phenomenon. o - YL
" ‘While.the Earth is revolving in the plane of ™%
the ecliptic, it is acted upon by all the planets

of the solar system. The action of any of the
planets, when' they are situated in the plane of

the ecliptic; have: a tendericy only to alter the
Earth’s gravity to the Sun, or to:accelerate and
retard its motion; but as all the planets move

in orbits inclined to the ecliptic, their action
upon the Earth tends to bring the Earth towards

the plane of their orbits, in the manner which

we have already explained, when treating of

the precession of the equinoxes. The effect of

this action, therefore, is to displace the eclip-

tic, or diminish the inclination of the Earth's
, orbit to the plane of the orbit of the planet ; bug
while the Earth’s orbit is thus ¢hanging its po-
sition, the equator of the Farth is sustaining

no change, and consequently there will be 3
variation in the obliquity of the ecliptic to the
equator, Along with this variation, there wi)l

also be a small precession in the equinoctial
points. These changes, however, are yery small,

and scarcely become apparent till after the lapse

of ages. According to La Grange, the diminu.

tion in the obliquity of the ecliptic and the pre-
cession of the equinoxes produced by the differs

ent planets in 3 century are, ' -

¥ar. in Ohliquity.  Precession.

Mercury, - 0’84 + 07.85
Venus, - 80 .88 4 8 .87
Mars, 1 .08 '+ 0 .95
Jupiter, 15 86 ~w 2 .11
Saturn, 2 .39 —~ O .53

——p————

Total effect, 50”.0b -l-. 87,03
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CHAP. By comparing about 180 observations of the
-~ VBL obliguity of the ecliptic, made by ancient and
== modern. observers, with the obliquity of 23°
28’ 16*/, as observed by Tobias Mayer, in 1756,
we have found, from a view of all the results, that
the diminution of the obliquity of the ccliptic,
during a century, is §17; a result which ace
cords wonderfully with the best observations,



CHAP. IX,

ON COMETH.

COMETS are a clelliss of celestial bodies, which C‘HAP.
appear occasionally in the Heavens. They ;
exﬁablt no- visible or defined disc, but shm};
with a pale and cloudy light, accsmpamed
with a tail or train turned from the Sun. They
are found in every part of the Heavens, and
move in all possible directions.

When examined through a good telescope, a
comet resembles a mass of aqueous vapours en-
circling an opague nucleus of different degrees
of darkness in different comets, though some-
times, as in the case of several discovered by
Dr. Herschel no nucleus can be seen, As the
comet advances towards the Sun, its faint’
and nebulous light becomes more brilliant, and
its luminous train gradually increases in Iength
When it reaches it perihelion, the intensity
of its light, and the length of its tail, reach
their maximum, and sometimes it shines with
all the splendour of Venus. During its re-
treat from the perihelion, itis shorn of its splen-
dour, it graduoally resumes its nebulous ap-
pearance, and its tail decreases in magni-
tude till it reaches such a distance from the
Earth, that the attenuated light of the Sun,
which it reflects, ceases to make an im-
pression en the organ of sight, Traversing
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unseenn the remote portion of its orbit, the
comet wheels its ethereal 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 dis-
cover. After the lapse of years, we perceive
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 2 waste of time to detail the
various wild and extravagant opinions which
have beep entertained respecting these inter
¢ésting stars. During the ages of barbarism
and superstition, they were regarded as the
harbingers of awful convulsions, both in the
political, and in the physical world. Wars,
pestilence, and famine, the dethronement of
kings, the fall of naticns, and the more alarme.-
Ing convulsions of the globe, were the dread.
ful evils which they presented to the diseased
and terrified imaginations of men. As the light
of kriowledge dissipated these gloomy appre.
hensions, the absurdities of licentious specula-
tors supplied their place, and all the ingenuity
of conjecture was exhausted in assigning some
rational office to these wandering planets.
Even at the beginning of the 18th century,
the friend and companion of Newton, regard-
¢d them as the abode of the damned. Aunxious
to know more than what is revealed, the fancy

"of speculative theologians strove to discover

the frightful regions in which vice was to suf.
fer its merited punishment; and the interior
caverns of the earth had, in general, been re-
gavded as the awful prison-house in which the
Almighty was to dispense the severities of
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justice, Mr, Whiston, however, outstripped
all his predecessors in fextility of invention.
He pretended pot only to fix the residence of
the damned, but also the nature of their pu-
nishment, Wheeled from the remotest limits
of the system, the chilling regions of darkness
and cold, the Comet wafted them into the
very vicinity of the Sun ; and thus alternately
hurried its wretched tenants to the terrifying
extremes of perishing cold and devouring fire,

By other astronomers, Comets were destined
for mare scientific purposes. They were sup.
posed to convey back to the planets the elec.
tric fluid which is constantly dissipating, or to
supply the Sun with the fuel which it perpe.
tually 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 effect of a comet passing near the
Earth, could scarcely amount to any great
convulsion ; but if the Earth were actually
to receive a shock from one of these bodies,
the comsequences would be awful. A new
‘direction would be given to its rotatory mo-
tion, and the globe would revolve round a
new axis. The seas, forsaking their ancient
" beds, would be hurried by their centrifugal
force, to the new equatorial regions ; islands
and continents, the abodes of men and ani-
mals, would be covered by the universal 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.
rol, IT, 7
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Various opinions have been entertained : by l
astronomers respecting the tails of Comets.
These tails sometimes occupy an immense t
space in. the heavens. The Comet of 1681, -
stretched its tail across an arch of 104 de-
grees, and the tail of the Comet of 1769, sub- ‘
tended an angle of 60 degrees at Paris, 70° at
Boulogne, 97° at the-isle of Bourbon, and 90° |
at sea between Teneriffe and Cadiz. These
long trains of light were supposed by Appian,
Cardan, and Tycho Brahe, to be the light of f
the Sun transmitted through the nucleus of
the Comet, which they believed to be trans-
parent like a lens, Kepler thought, that the
impulsion of the solar rays drove away the
denser parts of the Comet’s atmosphere, and °
thus formed the tail. Descartes ascribes the
tail to the refraction of light by the nucleus.
Newton maintained, that it is a thin vapour
raised by the heat of the Sun from the Comet.
Euler asserts, that the tail is occasioned by the
impulsion of the solar rays driving off the at-
mosphere of the Comet; and that the curva-
ture observed in the tail, is the joint effect of |
this impulsive force, and the gravitation of
the atmospherical particles to the solid nu-
cleus. Mairan imagines, that Comets tails are |
portions of the Sun’s atmosphere. Dr. Hamil-
ton of Dublin supposes them to be streams of
electric matter; and Biot supposes with New- |
ton, that the tails are vapours produced by
the excessive heat of the Sun ; and also, that
the Comets are solid bodies before they reach
their perihelion ; but that they are afterwards ‘
cither partly or totally converted into vapour |
by the intensity of the solar heat. -

In thc early ages of science, the Comcts
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were regarded as an assemblage of small stars CHAP,
that had accidentally coalesced into one body ; ,
and afterwards they were believed to be simple
meteors or exhalations generated by inflam-
mable vapours in the Earth’s atmosphere. Some

of the ancient philosophers entertained 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 conjecture which they had founded
nerther on observation nor analogy. It was not

till the time of Tycho, that actual observa-
tion was called to the aid of theory; and

that any well-founded opinion was maintain-

ed. By observing the. Comet of 1577, he
found that it bad no -diurnal parallax; and
that it was, therefore, situated at a much
greater distance than the Moon, Kepler, who

at first thought that they described rectilineal
paths, afterwards endeavoured to show, that

- their orbits were parabolic and concave to-
wards the Sun. Hevelius entertained the same
opinion ; but it was left for Sir Isaac Newton

to show, that Comets revolved like planets
round the Sun, in excentric ellipses, stretching

far heyond the limits of the solar system, as

is represented in Plate [, where the aphelion pu. 1
part of the orbit is not drawn on account of Sv7-
its great distance from the Sun.

Pursuing the opinion of Sir Isaac Newton, o, e re.
the celebrated Dr. Halley collected all the ob- turn of co
servations upon Comets, and calculated the ™+
elements of 24 of them. He was so much
struck with the similarity between the ele. .
ments of the Comets of 1456, 1581, 1607 ,and
1682, that he believed them to be the same Co,

7 2
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cuap. met that had performed three complete revolu.

X

o tions, between 1456 and 1682, with periods of

Comet of
177,

From 1581 to 1607, 76 years 62 days.
From 1607 to 1602, ‘T4 years 928 days.
Hence he predicted, that the same Comet
would return in 1757 or 1758 ; and that its
eriod would be lengthened by the action of

Fupiter and Saturn, o

This curious subject was taken up by Claira
aut, who computed the separate effects pro-
duced by Jupiter and Saturn on the motion
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 74
years and 328 days, its period should be 76
years and 211 days. Asthe Comet, therefore,
passed its perihelion on the 14th September
.168%, it ought, by this calculation, te reach
the same point of its path on the 13th of
April 1759, The appearance of this Comet
was, therefore, eagerly anticipated as a phe-
nomenon which would establish on an im-
moveable basis the theory of universal gra-
vitation. It, accordingly, appeared about the
end of December 1758, and arrived at its
perihelion on the 13th of March, only 30 days
before the time fixed by Clairaut. By re-
peating his calculations, he afterwards reduced
this error to 19 days.

The Comet of 1770, appears to have expe-
rienced very remarkable changes from the ac-
tion of the planets. Aeccording to Pingre, it
moved in an orbit whose major semiaxis was

- 8.14786, and had a period of 5.43 years. The
calculations of Lexell make its majorsemiaxis
8.14786, and its period £.585 years, As this



0” C'Omf L3 85 7

Comet has never been seen since 1770, the CHAP
National Institute very lately requested M,
Burckhardt to repeat all the calculations with
the utmost care; and the result of his labour
has been a complete confirmation of the ele-
ments obtained by Lexell. He found its major
semiaxis to be 3.14359, and its period 5.575
years, What has become of this Comet it is
difficult to say. The aphelion part of its or-
bit is not far beyond the orbit of Jupiter. It
“approaches as near to the Earth as the Moon,
and ought to have appeared abont 8 times
since the year 1770.

e are unwilling t6 hazard a conjecture Theory of
upon a subject like this; but the circumstan- {“;':,‘;:
ces are so remarkably curious, that - we hope of 1770

“to be pardoped for mdulging in speculation.
In & future chapter, (Chapter XI) we have
shewn, that the four new planets are the frag.
ments of a large celestial body which once ex-
isted between Mars and Jupiter ; and we have
adduced several arguments to prove, that this
body may have burst by some internal convul-
sion. If this body had an atmosphere, each of -
the four fragments would obviously carry off a
portion of it, according to their respective
magnitudes ; "but it is a wvery singular circumes
stance, that while twe of -the fragments, Juno
and Vesta, are entirely free fram any nebu-
lous appearance, the other two fragments,
Ceres and Pallas, are surrounded with a nebu-
losity of a most remarkable size. 1In the case
of Ceres, this nebulosity is 676 Ernglish miles
‘high ; while the nebulasity-of Pallas extends -
468 miles from the body of the planet. It is
obvious, that such immense atmospheres could
not have-been derived from the original planet,
otherwise Juno and Vesta would also have
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been encircled with them ; so that they must
have been communicated to Ceres and Pallas,
since the planet was burst. Now, the Comet
of 1770, it it is lost, must have been attracted
by one of the planets whose orbit it crossed,
and must have imparted to it its nebulous mass ;
but none of the old planets have received any.
addition to their atmosphere; consequent-
ly, it is highly probable, that the Comet
has passed pear Ceres and Pallas, and impart-
ed to them those immense atmospheres, which
distinguish them from all the other planets.
We have not room to detail the other argu-
ments in support of this theory, which may
be drawn from the position of the orbits of the
Comet and the two planets.

The elements of the varicus Comets that
have been cobserved till the year 1808, amount-
ing to 98, are contained in the following table.
The Arabic figures in the first column accom-
panying the Roman numerals, point out the
Comets that resemmble one another. Thus, the
number 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 orbit 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 Ceres ; and 1 between the orbits of
Ceres and Jupiter. 2. That 82 Comets: have
appeared between the months of April and
September, and 66 between September and A-
pril. -8, That the greater part of the Comets
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’

have their perihelion nearest to their ascend- cuap,

ing nodes,

rection.

4, That 50 of the Comets move
from west to east, and not in the opposite di.
5. That the orbits of the Comets are
not confined to any particular region of the
heavens, like the old planets, but seem to be
inclined at every possible angle to the ecliptic,
This will appear from the following table,
which shews the number of Comets whose in-

clinations are below every tenth degree.

! Number ezl
};:“nz:iboi?s o mxh:;:;?:& f,‘:ﬂi":pmm:: Difference,
the Cometa - :’:;::dgg::;rylt:::fo;rl:ﬁ; :::

tributed.
100 8 163 +25
20 19 213 +25
’ a0 26 31f +63
40 37 435 +65
50 &7 548 +73
60 64 652 « | +1§
"G 80 763 ~3%
80" 89 875 —lg
90 98 98 0

1X.
Ny bt
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TABLE of the Elements of Ninety-Eight Comets, which

have been olserved and caleulated Gl the year 1808,
h E é‘ FTi hen the Comets passed 3 'g‘-z-ﬂ :
er of the ime when the Lo e aley: .
ozldom::rs. * ?.,';g their Periheiion. Mean time g‘f’, ‘5&"‘ g‘:f:;zm
Eé 2| et Greenwich, %35 e E ’ )
& <R
- :
Da}'ﬂ, Ho ! ¥
1. 837 | 1 March, 0.58° Retrograde
Il 1231 BC January, |7 12 30{0.09478 {Direct.
11, 1264 | 6 July, 7 .50 39[0.445 Direct.
17 July, 68 © 300.4109¢ |Direct.
Iv. 129931 March, - {7 28 39103179 [Retrograde.
vV, 1301 122 Oct. nearly, 0.457  |Retrograde.
A\ 1337 | 2 June, § 24 3910.10666 Retrograde.
) | ¥ June, 0 36 39[0.6445 |Retrograde.
49 1436 | 8 June, 22 O 30[0.5855 [Retrograde.
VII. 1472 28 February, 23 22 3¢{0.54273 Retregrade.
19 1531 24 August, 21 17 36[0.56700 Retrograde.
g 1532 |1g October, {22 "1t 35}0.50910 (Direct.
VIII. 1533 116 June, 19 29 3010.2028 |Retrograde.
3 1336 21 April, 20 2 39/0,46390 Direct.
1X. 1577 26 October, {18 44 34{0.18342 |Retrograde,
X, 1580 28 November, 18 44 3410.59553 [Direct,
xXI. . 1582} 7 May, 0.23004 |Retrograde.
XIT1. 15651 7 Oct. N. 8.1¢ 19 39]7.09358 |{Direct.
XIT1. 15901 8 Feb. N. 5.4 3 44 30/0.57661 {Retrograde.
X1v. 1593 |18 July, N, 813 38 39l0.08G11 |Dérect.
XV, 1566 | @ August, 115 33 30{0.540415| Retrograde.
40 1607 (26 October, | 3 49 30]0,58680 |Retrograde.
XVI. 1018 117 August 3 2 36i0.51298 {Direct.
XVIL 1618 ) 8 November, 12 22 3010.37g;5 |Direct. *
XVIIL 1652 112 November, 15 39 30{0.84750 |Direct.
XIX., 1661 (26 January, 123 40 30i0.4485) Di_rect.\
XX, 1664 | 4 December, {11 51  30[1.025755 [Retrograde.
XXI, 1665 24 April, 5 14 39/0.10644 [Retrograde,
XXII. 1672 | 1 March, 8 36 34]0.69739 {Direct.
XX1IL 1677 | 6 May, 0 36 30]0.28059 {Retrograde.
XXIV. 1678 26 August, 14 2 30]{1.23801 {Direct.
XXV, 1680 {{8 December, | 0 1  1]0.006030 (Direct.
49, 1682 |14 Sef!ember, 7 38 3p{0.58328 |Retrograde.
XVI. 1683 {13 July, 4 40 34(0.56020 [Retrograde.
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TABLE of the Elements of Ninety-Eight Comets whick
have been observed and calculated til the year 1808,

Yerrs Longitude of thelr As. : Incilnation of their
when they cending nodes. Place of thelr Perihelron. Urbits to the Eclipd
appeared. tic.

S. a L " S, a ¥ I ] s K

837 6 26 33 g 19 3 10 12°
1231 o 13 20 4 14 48 & s
1264 5 g O g 21 0 O a6 30
' 5 28 45 9 5 45 0 as 25

1299 3 17 8 e 3 20 s 57

130t Q 15 neerly. g 10 70 nearly.

1337 2 24 21 1 7 549 32 11

. 2 6 =22 o 20 a2 11

1456 1 18 3¢ 1 5 O 17 s6°

1472 g 11 46 20 1 15 33 30 5 20

1531 1 1g 23 1 39 17 56

1532 2 20 27 3 211 37 32 36

1533 4 5 44 4 27 16 55 49

1550 5 25 42 g & 50 32 ¢ 30

1377 | O 25 52 4 g 22 74 32 45

1580 0 19 7 37 3 19 11 355 64 51 .50

1582 7 : 21 8 Sorg 11 59 or Gl

1585 1 7 42 30 Q 8 51 6 4

1590 5 15 30 40 7 6 54 30 29 40 40,

1593 5 11 t4 © 5 M g B8f 58

1596 | 1o 15 36 50 7 28 30 50,1 52 g 45

1607 1 20 21 10 2 6 0 17 2

1518 g 23 25 10 1B 20 O 21 28

1618 2 16 1 0 2 14 O 37 34

1652 2 28 10 0 28 18 40 7 28

1661 2 23 30 30 3 25 58 40 i 32 35 50

1064 2 21 14 4 10 41 35 21 18 30

1008 7 18 2 2 11 54 30 s 5 0

1072 9 27 30 30 1 16 59 30 Bl 22 10

1677 7 26 4y 10 4 17 37 &5 | .79 3 13

1678 5§ 11 40 C 16 27 46 © 3 4 20

1680 g 1 37 13 8 22 40 10 61 22 55

lGs2 1 21 16 8o 10 2 52 45 17 56 O

1493 5 23 23 O 2 23 29 30 83,11 O |
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TABLE of the Elements of Ninety-Eight Comets whick
. have been observed and Calculated till the year 1808,

d -
Order of the é': é-& Time when the Comets passed | o % = ‘.E . | Direction of
Comets. 2 &| their Perihelion, Mean time 1 2 o B & their motion.
858 at Greenvich FEVLE
~ SS5258
Days- H- ’ L
JXXVIL 1684 | 8 June, t0 15 39| 0.06015 (Direct.
XXVIII. 1686 (16 September,{14 32 30 0.32500 Direct. -
IXXIX. 1689 | 1 December, {14 55 39} 0.016850 Retrograde.|
XXX, 1698 |18 October, [16 56 3g¢10.69120 |Retrograde.
XXXI. 1609 |3 January, g8 22 3g|75435 |Retrograde.
XXXII. {1702 13 March, 14 12 89{ 064590 |Direct.
XXXIII. |1706 [30 Jaouary, |4 55 3g[0.426865 |Direct.
XXXIV. [1707 |1 December, [23 43 30{0.85904 |Direct.
XXXV. [1718 [15 January, 1 15 15]1.02565 [Retrograde.
|XXXVI. [1723 {27 September,[16 10 39[0.09805 Retrograde.
KX XVIL {1720 (25 June, 11 6 3yl 4.26140 (Direct,
23 June, 6 36 1]4.0608 (Direct.
XX XVIIL] 1737 130 January, 8§ 20 30¢|0.22282 |Direct.
XXXIX. 11739 (17 June, 9 59 3g|0.67358 |Retrograde,
X L. 1742 | & February, {4 38 3y 076565 Retrograde,
’ 8 February, | 4 21 9| 0.763555 Retrograde.
XLI. 1743 {10 Janvary, [¢0 25 30 0.83501 Direct.
' 10 january, [1 15 36/ 0.838115
|XLIT. 1743 {20 September,[21 16 39| 0.52157 Retrograde.
XLIIT. 1744 | 1 March, 8 16 5g10.22206 [Direct.
XLIV. 1746 | 3 March1y47| 7 10 3g] 219851 |Retrograde.
XLV. 1748 (28 April, 19 25 24 0.84007 |Retrograde.
XLVIL 1748 |18 June, 1 23 39 0.65525 Direct.
XLVII. {1757 |21 October, |9 46 39 0.3380 {Direct.
XLVIII. |1758 |11 June, 3 47 39 0.21535 |Direct.
XLIX. 1759 12 March, |13 31 3g) 0.58340 |Retrograde.
. 2 March. [18 50  3{0.58490 [Retrograde.
12 March, 12 48 150.58360 |Retrograde.
L. 1760 {27 Nov. 1750,/ © 2 36/0.80139 .
LL 1760 |16 Dee. 1750,21 3 39 0.9656y Retrograde,
LLI 17G2 |28 May, 15 17 3pl1.0124 {Direct.
28 May, 6 51 28] 1.000856]Direct.
29 May, 0 18 27}1.01415 -{Direct.
IIL. 1763 | 1 November, {10 43 17)0.45676 |Direct.
LIV. 1764 (12 February, (13 42 15|0.55522 [Retrograde.
Lv. 1766 117 February, | 8 40 39{0.50538 'Retrograde.;
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TABLE of the Elements of Nincty-Eight Comets which
have been observed and calculated Gl the year 1808.

1 Years Longitude of their As. ]Inc]inaﬂcn of their
when they cending Node. Place of their Perihelion.}Orbita to the Eclip-
1 appeared. tic.

S. ° Ty "o _S. o, . r I \ o ' 4
1684 8 28 .15 . O 7 28 52 O 65 48 40
1686 11 20 34 40 2 17 0 3 31 21 40
1689 10 23 45 20 8 23 44 45 6 17 o©
1696 8 27 44 15 g O 51 15 111 46 0O
1699 10 21 45 35 -7 2 31 6 69 20 o
1702 6 o6 25 15 4 18 41 8 4 30 0O
1706 ¢ 13 11 23 2 12 36 2s 55 14 .5
1707 I 22 50 29 2 1g 58 9 BB 37 40
1718 4 7 85 20 4 1 26 30 31 12 53
1723 O 14 16 O i 12 352 20 4G 5 O
1729 16 10 32 37 10 22 40 O 76 58 4
10 1Q 35 15 10 22 16 53 77 1 58
1737 7 16 22 0O 10 25 &5 O 18 20 45
1739 6 27 25 14 3 12 38 40 55 42 44
1 1742 § 5 38 29 7 7 35 13 66 S0 14
. 6 5 34 45 7 7 33 14 87 4 11
1743 2 B 21 15 3 2 41 45 2 19 33
2 8 10 48 3 2 58 4 2 15 50
1743 0 5 16 25 8 6 33 52 45 48 20
1744 1 15 45 20 G 17 12 55 47 8 36
1746 4 27 18 50 g 7 2 0 79 6 20
1748 7 22 52 16 7 5 0 s0 85 26 57
1748 1 4 3g 43 g 6 g 24 56 59 3
1757 7 4 4 0 4 2 43 0O 2 48 o©
1758 7 20 50 © B8 27 38 O 68 19 o©
1759 1 23 49 O 10 3 16 © 17 36 O
1 23 45 35 e 3 8 10 17 40 14
1 23 49 21 10 3 16 20 17 35 20
1760 4 1g 39 4] 1 23 34 19 79 6 3s
1760 2 19 50 45 4 18 24 35 4 51 32
1762 It 19 20 O 3 15 15 0O 84 45 ¢
it 19 2 22 3 14 29 46 85 3 2
11 18 55 31 3 15 22 123 85 22 21
1763 11 26 23 26 2 24 51 54 72 40 40
1764 4 O 4 33 g 15 14 52 52 53 M
1766 8 4 10 50 4 23 15 125 40 350 20
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TABLE of the Elements of Ninety-Eight Comets which

have been otserved and Calculated till the year 1808.

RN %L
Order af the ‘f “-c'!'l'ime whep the Comets passed ‘E ;ﬂ . Dircrtion of theis
Camets. |7 »Ei their Perihelion. Mean time £ 5 3= motion,
£ Z: st Greenwich. £ 2 5% kg i ’
>~ S£323%
Days. - H. ' ~
LV1, 1766122 April, 120 46 19{0.33274 [Direct.
LVII. 1769 7 October, 12 20 301 0.12376 IDirect.
v | 7 October, |13 36 35200.12272 |[Direct.
LYIIL 177014 August, 0 4 3[0.676803 [Direct,
113 Awgust, |12 55 3006.674581 M. Dict.3.148,
1L IX, 1771122 Nov. 1770,! 5 38 39{0.52824 [Retrograde.
11X, 1771158 April, 22 5 ul0.g0576 Direct.
1.X1. t772 08 February, 10 41 14101815 {Direct.
LXII. 17731 5 September, {11 9 241 11330  Direct.
LXIII. 1774195 Awgust, 110 46 14i1.4286 [Direct.
1770 4 Jamary, {2 2 359051332 Mivecw
LXIv. 4 Janvary, 2 13 gjo.7i3n
LXV. 1780 B0 Septemben,[i8 3 20{0.00025 |Retrograde.
SLXVIC 1781 7 July, 4 31 500775601 {Direct,
LXVII. 1781 [2g November, 112 32  25[0.96101 {Retrograde,
EXVIIL. j1783{15 November,[ 5 44 2 1.5053  [Direct,
LXIX. {1784 21 January, |4 47 30{0.70756 [Retrograde.
XX, 1784 | g April, 21 7 250.050531iRetrograde.
LXXE. 1785127 Janvary, | 7 48  43]1.143398{Direct.
LXXIE. 1785] 8 April, 8 58 51|0.427300Retrograde.
HLXXIE [1786] 7 uly, 21 50 51{0.41010 {Direct,
LXXIV. {i787{10 May, 19 48 3g0.34591 |Retrograde.
LXXV, 1788 (10 November, 1 7 25 391.00301 {Reqograde.
LXXVI, 178520 November, g 4 24| 0.700911{Direct,
LXXVIL {1750{17 Janvary, 0.75 Retrograde.
: o 113 January, 5 5 3y0.75310 {Retrograde.
LXXVIIL) 1790(28 Jamwary, {7 36 ¢ 106329 |Direct,
I.XXIX. 176021 May, 5 46 354 0.70740 Retrngmde.
LXXX. 1792113 January, M3 34 521.20302 [Retrograde.
LXXXIT. }1792[37 December, | 7 47  6]G.U06683 Retrograde,
LXXXIL {17931 4 November, 20 11 3¢ 0.4054 Retrograde.
LXXXIT.f 179318 November, |15 28 3¢ 15045 [Direct.
LXXXIV. 11795 (t5 December, | 8 20 20/ C.24579 1Direct.
LXXXV. |1796] 2 April, 19 45 45/1.57810 {Retrograde.
LXXXVI {1797} 0 July, 2 31 1010.52861 |Retrograde,
EXXXVIIf17os | 4 April, 15 58 101048450 iDirect.
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TABLFE of the Elements of Ninely-Eight Comels whick
have been observed and calculated 6l the year 1808.

Yearn Longitude of thalr As o Inclination of their,
when they cending Node.'!  fPlace of their Perihelion.JOrbits to the Edlip-
appeared. i ic. ’

8. ¢ # L4 . a . f H '] ¥ H
1766 2 14 22 50 8- 2 17 53 1. 8 4
1769 5 25 0 43 4 M 5 54 40 37 33
5 25 6 33 4 24 11 7 40 43 49
1770 4 13 17 3 11 26 26 13 1 34 30
4 12 0 - 0O 11 26 14 26 1 33 40

1771 3 18 42 10 628 22 44 31 25 55

1771 0 27 51 © 3 13 28 13 11 15 20

1772 8 12 43 5§ 8 18 6 22 18 59 .40

1773 4 t 15 37 2 15 35 43 6 25 2t

1774 6 0 49 48 10 17 22 4 88 O .05

779 |- 0 23 5 51 2 27 13 11 32 24 0

0 25 3 57 2 27 13 40 | 32 25 30

1780 + 4 g 19 § 4 21 18 53 48 5

1781 2 23 0 38 7 20 11 25 81 43. 26

1781 2 17 22 52 0 15 3 28 27 13 8

1783 1 24 13 50 1 15 24 46 53 9 9

1784 1 20 49 21 2 22 44 24 5t 9 12

1784 2 26 52 9 10 28 54 57 47 55 ©

1785 8 24 12 15 3 1lg 51 56 {. .70 14 12

1785 2 4 33 36 o 27 29 33 87 31 54

1786 6 14 22 40 5 9 25 30 50 54 28

1787 3 10 51 36 0 7. .44 9 48 15 51

1788 5 7 10 38 3 o 8 27 12 28 20

1788 1L 21 42 15 0 23 12 22 64 52 32

1790 5 22 "1 28 29 3t

5 26 11 46 2 0 14 32 31 54 15

1790 8 27 8 37 3 21 44 37 56 58 13

1790 1 3 11 2 g 3 43 27 63 52 27

1702 6 10 406 15 1 § 20 42° | 30 46 35
T 1792 9 13 14 44 4 15 52 35 49 7 18

1793 3 18 20 0O 7 18 42 ¢ 60 21 o0

1793 6 2 20 0 2 11 0 O] 51 5 0

1795 11 23 14 0O 5 10 20 O 22 10 0

1796 o 17 2 16 6 12 44 13 64 54 138

1707 10 29 15 37 1 19 27 8 50 40 34

| 1708 4 2" 12 21 3 15 6 57 | 43 44 42 -
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TABLE of the Elemants of Ninety-Eight Comets whick
have been observed and Calculated tll the year 1808.

S ’ e © G )
S % LFlime when the Comets passed oF y4& _{ Direction of
FEE! 1 the amwE
Orger of the > ] their Peribelion, Mean time |2 & g % ™ ithetr motion,.
omete. £ é a at Greenwich. g = ,;ﬁ g '
P~ SRR

) ID.a}';r ) . H. £ b
LXXXVIII | 179881 December, 21 55 44i0.77479 |Retrograde.

ILXXXIX. {1799| 7 September,| § 34  5j0.84018 |Retrograde. |
21 September,; 4 25 0.82387 [Retrograde.

(XC. 1170925 December, 18 54 20/0.26688 Retrograde,
IXCI. - 1801} 8 August, (12 50 39.0.249  |Retroprade.
XCII. 1802 | O September, 21 23 L.0g411 [Direct.
XCIIY. . | 18031 g September, 20 33 5410042 [Direct,
XCIV. 1604 ]13 Febroary, (14 6 55/1.07117 {Direct.
XCV. 1805 |18 November, | 3 5  6,0.37862 [Directs
ACVI. - 180531 December, | § 12 40,0.80193 [Direct.

XCVILL 1806 128 December, 21 52 40:1,08103 - |Retrograde
XCVIIL 1807 118 September, |17 50 27]0.64648 [Direct. 3
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TABLE of the Elements of Ninety-Eight Comets which
have been observed and calculated till the year 1808.

Yesrs | Longitude of their As- Inclination of their]
when they cending nodes. Plece of their Perihelion.JOrdits to the Eclip-
appeared. o fvies

H‘ o ’ " S. o r " [ ’ ’”

1798 8 g 30 2 1 3 35 5 42 14 32

1799 3 g 27 19 o 3 19 10 S0 57 30

3 g 34 - 0.3 36 S0 52 30

1769 10 26 27 18 .6 10 14 s2 77 0 47

1801 1 12 8 O 6 1 1+ 0 20 20 ©

1802 10 10 15 39 11- 2 9 4 57 0O 47

1803 10 10 17 O |11 2 8 © 5% 0 ©

1804 5 26 47 58 4 28 44 51 56 28 40

1805 11 i4 37 19 4 27 51 28 15 36 36

1865 8 10 33 35 3 15 21 51 | 16 30 32

1 1806 10 22 18 37 3 4 4 30 35 4 5
1 1807 8 26 46 3 9 0 56 0 63 10 35




CHAP. X.

ON TIE FIKED STARS.

CHAP, IN the twentieth chapter of volume I, Mr.,
X. Ferguson has given some account of the nam-
ber, distance, and arrangement of the fixed
stars; and has mentioned & few of the ne-
bule and variable stars, which had been dis-
covered at the time when he wrote, This in-
teresting branch of astronomy, however, was
then but in its infancy. The positions of in-
dividual stars had been accurately determined,
their immense distance had been fully ascer~
tained, and a small number of variable, cloudy,
and double stars had been discovered in differ~
ent parts of the heavens: but no rational opi-
nion had been formed respecting the structure
of the starry firmamept ; the proper motions of
the stars had not then been accounted for by
the advancement of the solar system in abso-
lute space ; the double periods of some vari-
able stars had not been ascertained ; the the-
ory of double stars, or binary sidereal systems,
in which one star revolves round another, and
the explanation of the milky way as the ne-
bula in which our system is placed, had not,
at that time, been given to the world. Yor
the greater part of these discoveries we are in-
debted to the industry and genius of Dr. Her-
schel, who has also discovered and determined
the position of several thousand nebule and
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double stars. In attempting to give a full ac- cnar.
count of these interesting and sublime disco-__ %,
_veries, which has not yet been done in any .
language, we shall adopt the arrangement of
Dr. Herschel, after we have given some ac.
count of the distance, parallax, and proper
motion of the stars, and of the phenomena of

new and variable stars.

1. Of the Magnitude, Distance, and Parallax
“of the Fixed Stars.

WHEN the fixed stars are viewed through aoa the ap-
good telescope, their diameter appears muchperame of
less than when they are examined by the na-,.u.e,...’t
ked eye. If we employ a telescope of still
greater power, the apparent diameter will be
increased, but not according to any regular
progression. Even when seen, with the same
power, in different telescopes, their apparent
magnitude is not the same. Dr. Herschel al-
ways found that their diameter was less in pro-
portion the higher were the powers that he
applied ; and the smallest proportional diame-
ter that he ever obtained was when he em-
ployed the extraordinary power of 6,450 times.

The appearance of «, Lyre, according to this
astronomer, when viewed with a power of

460, is shewn at A in Plate V, Fig. 6, and atpp,. v,
B, when seen with a power of 6,450, From Svp. Fig.&.
these observations it appears that the apparent
diamefers of the fixed stars do not arise from

any sensible disc, but from other causes with

which we are not yet acquainted. This cir-
cumstance, therefore, might, of itself, be con-

sidered as a striking proof of the immeasurable
Vol, IT. Aa

r
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crap. distance of these celestial bodies, even though
X. we had not been in possession of more con-
vincing evidence.
Pinallax of Lhe diameter of the Earth being too small
of thestars 3 base for measuring any changes in the po-
sition of the fixed stars, astronomers have en-
deavoured to discover these changes by ob-
serving the position of the stars, when viewed
from the earth in two opposite points of its
orbit 3 or, in other words, to find the annual
parallax of the stars, or the angle subtended
at any of them by the diameter of the Earth’s
Plee v, orbit. -Thus, when we view the star, S, when
‘&g Fig-1che Earth is at E, we should expect it to ap-
pear in a different part of the heavens than
when it is seen from the Earth at F. The ob-
servations made by Tycho, Picard, Hook, and
Flamstead to discover this annual parallax,
were completely ineffectual; and even Dr.
Bradley, the most accurate observer of the last
century, ventures to affirm that the annual
paraliax of y, Draconis, and », Urse Majoris,
does not amouit to 2 seconds 3 and that, from
the number of observations which he made, it
could not amount even to 1 second.
Bradleys  The method employed for this purpose by
, wethod & Badley and other astronomers consisted in ob-
finding the y € 0
“annual par-serving the meridian altitudes of the stars when
sllat. © the Earth was in opposite points of its orbit.
The meridian altitudes were then corrected by
refraction, aberration, and nutation, and the
difference in the place of the stars, if any ex-
isted, was readily ascertained, This method,
however, is obviously attended with great dis-
advantages, as the result is liable to be affect-
ed by variations in the atmospherical refrac-
tion, and also by any error in the aberration
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and natation employed.. On this account, Dr. cHar.
Herschel has proposed & new method, greatly, X
superior to the former, both in simplicity and .
accuracy, and free of all errors arising from re-
fraction, aberration, nutation, precession of
the equinoxes, or any changes in the obliqui-
ty of the ecliptic.
- The method of Dr. Herschel consists inDr. Her

. L . . . el's me
measuring the variatien in the distance be-poq
tween the two stars which compose a double
star, when there is a considerable difference in
their magnitude. Thus, let A B be'two oppo- Plate VI,
site points in the Earth’s orbit, and x, y, two P ¥& I
stars of unequal magnitude, of which x is the
greatest, and, therefore, probably the nearest;
iet the angle x A y, or the apparent distance
of the stars, be measured when the Earth is at
A, and the angle x B y, when the earth is at
B, and from the difference of these angles the
parallax of the Earth's annual orbit may be
easily deduced, upon the supposition that the
distance of the stars is proporticnal to their
magnitudes. When the two stars are within
a few seconds of each other, it is manifest that
their distance cannot be sensibly altered by
any variations in the refraction of the atmos-
phere, or by any error in their aberration;
and, therefore, a double star should be chosen
in which the distance 'between its two com-
ponent stars is very small, 1f the star y had
been nearly of the same mmagnitude with x, its
position would have been somewhere about z,
at nearly the same distance from the Earth;
so that the angular distance of the two stars
would only have been x B z, when seen from
B, which is much less than the angle x B 3,
when the star y is small, and, consequently, at
a much greater distance frem B,

Aag



372 On the Fixed Stars.

caar.  This method, ingenious as it 15, does not
X% seem to have led Dr, Herschel to any accurate
resuits respecting the parallax of the stars,
The numerous observations which he has made
on double 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 arise from another cause
than the annual motion of the earth.. Dr.
Brinkley of Dublin has very recently (Pbhil,
Trans. 1810, Part II) found a parallax of 2%
seconds for «, Lyra; but we are informed by
Mr. Groombridge, that this result is not con-
formable 1o the numerous cbservations which

he has made on thar star.

It appears, therefore, from all the observa-
tions that have yet been made, that, though
the parallax of the fixed stars is'completely
undetermined, it can-scarcely exceed a single
second, A cenclusion similar to this has been
obtained by the late Reverend Mr. Michell,
from considering merely the guantity of light
which they emit, and the peculiar circum-
stances of their situation. In this investiga-
tion, Mr. Michell supposes the stars to be, at
a medium, equal to our Sun in magnitude and
natural brighiness ; and that Saturn, exclusive
of his ring, emits as much light as the most
luminous fixed star. Now, the distance of
Saturn being 2,082 of the Sun’s semidiameters,
the density of the Sun’s light at Saturn will be
less than at his own surface, in the proportion of
the square of 2082 to 1, or in the proportion of
4,384,724 to 1. But the diameter of Saturn is
ouly the 105th part of that of the Sun; and,
therefore, the light which he emits must be di-
minished in the proportion of the square of 105
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to 1, or as 11,025 to 10. By multiplying cHar.
these numbers together, we shall find that the __ X
whole light of the Sun is to that of Saturn as
48,400,000,000 to 1, or as the square of
290,000 to 1; consequently, if the Sun were
removed to 220,000 times his present distance,
he would still appear as bright as Saturn, and
the parallax of the Earth’s annual orbit would
be less than 2 seconds. But we have suppos-
ed 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 increase 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 I second. Upon the suppo-
sition, therefore, that the lightof Saturn is equal
to that of the brightest fixed star, and that the
magnitude of this star is equal to that of the
Sun, its annual parallax ought to be less than
one second.

If we suppose, that the parallax of the Disance of
nearest fixed star is 177, and that the mean djs. the sar
tance of the Earth from the Sun is 95,000,000
miles, we shall have a right angle trangle,
whose vertical angle is 1’7, and whose base
is 95,000,000 miles; to find its side, or
the distance of the star, which will be
20,159,665,000,000 miles, or 20 billions of
miles, a distance through which light could
not travel in less than three years. If the
brightest star in the heavens is placed at such
an immense distance from our system, what
an immeasurable interval must lie -hetween
us and those minute stars, whose light is
scarcely visible in the most powerful teles-
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cuap. cope! Some of them, perhaps, are so remote,

X that the first beam of light which they sent

forth at their creation, has not yet arrived with-

in the limits of our system ; while other stars

which have disappeared, or have been destroy-

ed for many centuries, will continue to shine

in the heavens till the last ray which they
emitted has reached our Earth,

2, On the Proper Motion of the Fixed Stars.

onthepro- 1IN the third supplementary chapter of this
per motions yolume, p. 207, &c. we have already stated,
of the stk that the solar system is advancing towards the
constellation Hercules, From this motion of
the system in absolute space, it -18 obvious,
_that the stars in that constellation must ap-
pear to recede from each 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 si-
tuation, with regard to the direction in which
the systern moves; in the same manner as
when walking through a forest, the trees to
which we advance are constantly widening,
while the distance of those which we lecave
behind 15 gradually contracting, This mo-
tion of the fixed stars, from which the ad-
vancement of the solar system has been dedu-
ced, is called their proper motion. It was first
observed by Halley, and afterwards by Le-
monnier and Cassini.  Tobias Mayer had the
merit of giving the first explanation of this
proper motion ; but it was reserved for Dr.
Herschel to point out the quarter of the
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heavens to which the solar system was ad- cHap,

vancing. X
The following table contains the proper

moticn of 86 of the principal fixed stars in

right ascension and declination, according to

the accurate observations of Dr, Maskelyne. .
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cHAP. TaRLE of the Annual Proper Motion of 86 Stars

— in Right Ascension and Declination.
) S lper motion | Anoual pro-
- 2 right ascen- per metien in
Names of the Stars 2 sion, declination.

= Seconds . Seconds.

wPegasi .. ... .. 2 —0.09 | —015N
w Arietis .+ .« -« 28| 4010 | 40.078
wCeti .. ou. .. 2{ —0.12 | —0,08N
Aldebaran . . . . . 1] 4003 | 40128
_Capella . ..... 1i 4021 ] 40448
Rigel. —- .+ . 1| =008 |—0.16N
gTauri ... ... 2| <4001 +40.10 8
aOrion + . v 4 - s i +O—01 —0.18N
RN

astor . . . . . . . —0.1! :

" Procyon . .....| L2| —080 | +0955
Pollux . » . v a v 2! —0.74 0.00

« Hydre ...... 2 —0.09" { —0.I¢N
Regulus . . . . .. 1| —022 } —008N

# Leonis . .. .. «. | 021 —0.57 | 4007 8
AVirginis . . ..., 3 + 0.74 +4+0.24 8
Spica Virginie - - . 1| —002 | —0.19N
Arcturus . o .« . - 1y —1.26 | 41728

1 . . 6| —0.11 —0.18 N
g § «Libr= .. { 2] —011 | —0.15N
2 Cor. Bor. . ... 28| 4026 | 40038
2 Serpentis. . ., .. 2| 40611 | —0.19N
Antares .. .. .. 1 000 | —026N

« Herculis . . , , . . 2 000 | —0.23N
« Ophiuchi ,. ... 2| 4006 | 400585
aLyre ......, 1[ 4025 | —057TN
v 3] —011 —0.16 N
e & Aquile ... d{12] 4048 | —05eN
8 84| —008 | 40358
é } « Capricorni { g +g:gg :g:ggg
aCygoi ... ... 12| —0.08 |-—0.03N
x Aquarii . ... .. i 8| -0.08 {—0.19N
Fomalhaut ., . . .| 1.2 40385 |_—0.06N
w Pegrasi . ., .. . 2| —0.06 | —0.18N
« Andremedz . .-, 2] 40.08 | 3006 8
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In the following table we have given the cHar.
‘proper miotion of 9 principal fixed stars in __ %
longitude and latitude, according to the most
recent observations of Dr. Maskelyne, includ-
ing the precession, &\c.

Annual varia-

Names of the Stars, [A0mual increase tion of lati-
‘of longitude.

tude.
2 Arietis . . . .| 50271 | 40150
Aldebaran . . .| 50204 | —0.817

I-Pollux . e e . 49,470 +0.280
Regalus' . . . 50,004 +0.200

. Spica Virginis ., | 50.059 +0.050
Antares , . . 50.141 . +0.167
« Aquile ., , , 50.870 4-0.372

Femalbaut. . .| 50717 +0.013
s Pegasi . . . . 50.133 +40.163

3, On New and Variuble Stars.

While the apparent places of the fixed stars onvariable
are thus constantly changing, many of the ™**
stars themselves seem to be affected with va-
riations of a difterent kind, arising either from
some peculiarities in their physical constitu-
tion, or from some great changes going on upon
their surface. Several stars have appeared in
the heavens for a while, and then vanished,
Several, whose positions are given in the an-
cient catalogues, can no longer be discovered,
even by the powerful instruments of medern
astronomers ; while others are distinctly visi-
ble, which do not appear to have been observ-



CHAP.

X.

‘Theory of
varizhie

;ars,

.

.88 ' On the Fixed Stars.

ed by the ancients. A few stars have gradu.
ally increased in brilliancy ; some that have
been formerly variable, now shine witha stea.
dy light ; others have been constantly dimi-
nishing in brightness ; and a considerable num-
ber sustain a periodical variation in their lus-
tre., The new star of 1572, which Tycho ob-
served inthe constellation Cassiopeia, exhibited
very singular changes. Its brightness sudden-
ly became so great, that it exceeded that of
Venus and Mercury, and was visible on the
nieridian during the day. The intensity of its
light gradually diminished, and it disappeared
sixteen months after its first appearance. The
new star in the constellation Serpentarius
which was seen in 1603, exhibited phenome-
na nearly similar, and vanished, after having
been visible for some months,

Astronomers have attempted toexplain these
remarkable changes, by supposing, that por-
tions of the surface of the stars are covered
with large black spots, which, during, the di-
urnal rotation of the star, present themselves
under various angles, and thus produce a gra-
dual variation in its brilliancy. These spots
have been regarded by some as permanent;
while others are of opigion, that the luminous
surface of the stars is subject to perpetual
changes, which sometimes increase their light,
and at other times extinguish it. M. Mau-
pertuis® has explained these phenomena with
less plausibility, by supposing, that in conse-
quence of a rapid rotation about their axes,
the stars are reduced to flat circular planes,

* Bee Vol. L. p. 428. Note.
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like millstones ; and that the inclination of cwuap,
their axes may be varied by the attraction of _ X
their surrounding planets. Hence, stars of

this form will appear mose or less brilhant ac-
cording to the inclination of their flat side to

the eye of the observer. The periodical vari-
ation in the light of the stars has also been
ascribed to the interposition of the planets
which circulate around them ; but it is by no
means probable, that these planets, even if
they do exist, are sufliciently large to obstruct

any large portion of their light. Even when
seen from the Earth, the light of our own Sun

is uot sensibly impaired when Mercury and
Venus are passing over his disc,

The ingenious Mr. Pigott has ventured a step pigouy
farther thanany of his predecessorsinthisbranch :izt’:ru?:_
of astronomy. In his investigation of the phe- hie sar in
nomena exhibited by the variable star of So- i‘{biﬁﬁ"
bieski’s shield, the periodical changes of which™"*
are affected by very singular anomalies, he
supposes, that the greater part of its disc is
uncnlightened ; and that a few luminous spots,
placed at certain intervals, produce, by the
rotation of the star, all the variations which
have been observed. Mr. Pigott supposes,
that the body of the starsis dark and solid;
that their rotation on their axesis regular; and
that the surrounding medium is otcasionally
generating and absorbing its luminous parti-
cles, by a process similar to what Dr. Her-
schel supposes is going on in the atmosphere
of the Sun. He imagines, that these lumin-
ous particles are sparingly dispersed in the at-
niosphere of the variable star of Sobieski, from
the circumstance of its diminishing, even to
the 9th magnitude ; and as the diiration of its
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full lustre continues only about 9% days, while
it performs a complete rotation 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 disappear, Mr.
Pigott imagines, that this may have been the
cause of the disappearaice of the new stars of
1572 and 1604, Hence, he concludes, that
there are others which have never shewn =z
glimpse of brightness; and that there are * pri-
¢ mary invisible bodies, or unenlightened stars,
¢ that have ever remained in eternal darkness.’
Following out this notion, Mr. Pigott con-
ceives, that clusters of these dark bodies may
be found, and, by intercepting ¢ all more
¢ distant rays,’” may appear like dark spaces
in the heavens, similar to what has been ob-
served in the southern hemisphere.

The number of stars which are ascertained
tobe variable, amounts only to 15; while those
which are suspected to be variable, amount
to 87. With an account of their positions
and variations we shall conclude this section.

I. STARS ASCERTAINED TO BE VARIABLE.
1. New Star of 1572 in Cassiopeia.

R, Asc, 1786, 0" 18’ O/, Decl. N. 62° 58’.
Greatest and least mag., 1—0. Period 150
years.

‘The period of this star is merely a conjec-
ture of Keill and other astronomers. It did
not appear at the end of this period ; but this
might arise from itshaving, like other variable
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stars, different degrecs of Justre at different CHAP.
periods. —

2. ¢ In the Whale,

R. Asc. 1786, 2" 8 383”. Decl. S. 8° 57
25, Greatest and least mag. 2--0. Period
334 days.

This period was determined by Cassini.
Mr. Goodricke saw this star of the 2d magnitude
on the 9th August 1782 ; and on December
30, 1782, Pigott saw it of the 8.9th magnitude.
" Dr. Herschel mmakes its period 831¢ 10" 19/,

8. Algol, or B Perseur.

R. Asc. 1786, 2" 54/ 197, Decl. N. 40° ¢’
557, Greatest and least mag, 2-—4. Period 2¢
20" 48’ 58" 7. \

. This period was determined by Wurm from
15 years observations Montanari first ob.
served the variations of this star, Maraldi, in
1698, could not perceive any change in its
brightness ; but in 1694, he found that it va-
ried from the second to the fourth magnitude,
Mr. Goodricke of York was the first who dis-
covered its period, which he found to be ¢?
20" 48’ 56'', He found that its brightness,
when at its zinimum, is different in different
-periods ; and Pigott is of opinion, that, at its
maximum brightness, it is sometimes more
luminous than =z, Persei, and at other times
less brilliant.

4. 420th Star in Mayer’s Catalogue, situated
in the Lion.

R. Asc. 1786, 9" 86 57, Decl. N. 18° 25’
07, Greatest and least mag., 6--0.
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This star was discovered to be variable by
M. Koch, In February 1782, he found No.
419, and No. 420, of the same mapgnitude,
and, therefore, of the 7th. In Apnl 1788, it
appeared of the gth magnitude, and in Apnl
1784, of the 10th. Pigott could never see this
star, so that it must have disappeared.

5. Star in Hydra, as far East of = as { is West

of v: it is the 30th Hydra of Hevelius, and
probably the First of the Balance, according
te Flamstead.,

R. Asc. 1786, 18" 18" 4/, Decl. 8. 22° ¢/
88", Greatest and least mag, 4--0. Period
494 days.

Maraldi discovered this star to be variable
in 1784, and made its period 2 years. Ac-
cording to Pigott, it is of the 4th magnitude
when at its full brightness, and suffers no per-
ceptible change for about a fortnight. It takes

_ebout six months to increase from the 10th to

the 4th magnitude, and about the same timg
to return to the 10th: hence, it may be re-
garded as invisible to the naked eye during
six months, The time of its increase is one-
half quicker thian the time of its decrease ; and
it does not always reach the same degree of
brightness,

6. New Star of 1604, in the East Foot of Ser-
pentarius, '

R. Asc. 15 187 ¢!, Decl. 8. 21° 107 307",

Greatest and least mag. 1—0.

This star was seen by Kepler on the 17th
October 1604, and exhibited almost the same
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phenomena as that of 1572, ° On the 34 Ja-
nuary 16035, it began to diminish, and it ceas-
ed to be visible 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
1782. Kepler has given a full account of it
in his Treatise De Stella Nova in Pede Serpen-
tarit,
7.8, Zyr@.

R. Asc. 18" 42/ 11, Decl. N. 88° 7 46",
Greatest and least mag. 8—4 5. Period 64 9",

The variations and period of this star were

discovered by Mr. Goodricke, The period is
not accurately ascertained.

8. New Star of 1670, in the Swan's Head.

R. Asc. 19" 88’ 58", Decl. N. 28° 48 307/,

Greatest and least mag. 5—O0.

This star was discovered by Don Anthelme
on the 26th June 18%70. It soon reached the
8d magnitude, and disappeared, after several
variations, in 1672, On the 1oth August, it
had decreased to the 5th magnitude, and was
observed of the 6th magnitude by Hevelius in
the years 1671, 1672. Since that time it has
not been seen, though Pigott believes that he

" could have detected 1t, had it reached even the

10th or the 11th magnitude, See Phil. Trans.
No. 65,

8. », Antinoi.

R. Asc, 19" 41/ 84/, Decl. N.©O° 28’ 14",

CHAP.
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cHar. Greatest and least magnitude 8.4—5. Period
R AR £

. The variations and period of this star were

discovered by Pigott. It continues 40 hours

at it greatest brightness, 30 at its least, 66 on

its decrease, and 36 on its increase, Its maxi-

mum and minimum brightness seem to be uni-

form.
10. x in the Swan's Neck.

R. Asc. 19" 427 217, Decl. N, 82° 22’ 58"
Greatest and least magnitude 5-—0. Period
3967 21", '

The variation of this star was discovered by
Kirch in 1686. Maraldi Cassini and M. Le
Gentil made its period 405 days, {rom which
circumstance Pigott concludes that its period
is variable, According to Pigott it continues
a fortnight at its full brightness. It takes
about 3% months in increasing from the 11th
magnitude to its maximum brightness, and in
decreasing to the 1ith magnitude again.
Hence it may be regarded as invisible for 6
months, When at its greatest brightness, 1t
is sometimes of the 5th, and, at other times, of
the 7th magnitude.

11, Near v, in the Swan’s Breast.

R. Asc. 20" 9/ 54”7, Decl. N. 87° 22’ 877,
Greatest and least magnitude 8—0, Period 18
years.

This star was observed by Jansonius and
Keplerin 1600. From the observations made
in the 17th century, Pigott concludes, that it
continues about 5§ years at its full brightness ;
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that it decreases rapidly during 2 years; that CHAP
it is invisible to the naked eye during 4 years; | ,
and that it increases slowly during 7 years. At

the end of the year 1668 it was at its minimum
brightness, From November 1781 to 1188,

Pigott always saw it- of the 6th magnitude,
though he suspects, that, jn 1785, 1786, it had

rather decreased,

v - 12, § Cepbet.

R. Asc. 22" 21 0/, Decl. N. 57° 20’ 07,

Greatest and least magoitude, 4.8—4.5.

- Period 54 8" 87¥,

The variation and period of this star were
discovered by Mr. Goodricke, and the period
which he found has been confirmed by Mr,
Pigott’s observations. Its variations are not
easily seen unless at its minimum and maximum
brightness.

18, 64, or a Hercules.

R. Asc. 17° ¢ 54, Decl, N. 14° 38,
Period of variation 602 days.
The variation and period of this star were
discovered by Dr. Herschel, by comparing it
with » Ophiuchi.

14. A Star in Sobieshi’s Shicld, having nearly
the same right ascension as the Star 1, and
situated about a degree farther south.

R. Asc. in 1796, 18" 36’ 88”. Decl. S. 5* 56",
Greatest and least magnitude, 5—7.8.
Period 62 days.

Vol, 11, Bb



388 On the Fixed Stare)
cHAP,  'The period and variations of this stas. were
X discovered by Mr. Pi%ott, who hds endeavoured
Y™ to exhibit, in the following Table, the fesult
of two sets of observations, made at different

periods.

W Ohserve~ {Bucceeding | Mean re.
tions of jobservas salis
1786. ticms,

Ieys: | Days | Days.
Rotation on its axis, 61% 623 G hmam
Duration of brightaess at
ite maximum without anyf .

ecnsible change, -~ - 84 14 &

Dittowhen it doesnot reacly
its ugual brightneas, 0= | = J—
Duration of brightness at

its thinimum without any

- ‘percé%tilile' change, [+ g | 9
Ditto when it doesnotreachf :
its usual minimum, 0= | — | -

ime employed in decreas-
ing from the middle of itg}
maximum to tbemiddie of]
its misimum brightsesd, { 34 28 334
'Timeemployed in increasing
from the middle of its mid)
nimum to the middle off :
its maximum brightdess, | 274 } 35 20—

Extremes of its different de-f Mag. | Mag. { Mg,
grees of brightness, withf 5+ 54 5
a meats of its usual varia-| gor 78 1 b

tions, - 0

b r—

The mean results in the last column are com-
puted proportionally, dccording to the number
of observations from which the results in the
pteceding columns were obtained,
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15, Star in the Northern Crown, ranked of the CHAP
sizth magnitude by Bayer, but omitted in
Flamstead's Catalogue.

R. Asc. in 1796, 15" 40/ 11”7, Decl. N. 28°
. - 49 80/,
Grentest and least magnitude, 6.7—0.
Period, 104 months.

- Mr. Pigote suapected th:s 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 1794,
It was at that time of the 6.7 magmtude, and
continued so for about three weeks. It then
took 8% weeks in decreasing to the 9.10 mag-
nitude, ‘and it disappeared a few days afterwards.
In Apr{l 1796, it again appeared. On the Tth
May it reached the 9.10 magnitude, and in-
ereased nearly in a similar manner as on the
20th June 1793. In a subsequent period, it
exhibited great unsteadiness at its maximum
brightness. It then increased, as before, with
tolerable regularity, till it reached the 7.8 mag-
nitude, when it kept wavering between these
two magnitudes till August 1797.

. 1I. 5TARG SUPPOSED TO BE VAKIABLE.

1. Hevelius’s 6 Cassiopeie,

~ R. Asc. 0% 2¢' 16”. Decl. N. 60° 50/,
Greatest and least magnitude, 7—0.

Mr. Pigott observed in 1782 that this star
was missing ; and he could not find it in 1783
and 1784

Bb 2
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2. 46, or £ Andromede.

R. Asc, 1" 97 4677, Decl. N. 44° 24/,
Greatest and least magnitude, 4.5--5.6.
According to Mr, Pigott, this star was, irs

1784 and 1785, less than v, equal to «, and

" brighter than & and x, It is marked in his

journal as sometimes brighter than », and at
other times less bright. 46 and £ Andromedeae
seem to be different stars.

8. Flamstead's 50, or v Andromede.

R. Asc. 1* 24/ 16”7, Decl, N. 40° 20’ 15",
Greatest and least magnitude, 4.5—0.

4. Hevelius's 41 Andromede, which is probably
the same with Tycho's 19 Andromeda.

Some of the stars beside the two preceding
are said by Cassini to have disappeared and re-
appeared. In 1783, 1784, and 1785, Mr, Pi-

_ gott observed their brightness to be as in the

following T'able.

Flamstead’s 50, of the 4.5 magnitude, and per-
haps rather less than ¢ Andromede.
Flamstead’s 7, of the 5th magnitude, and equal

to 46 and 48 Andromedz. :

Flamstead's 4'9} Of the same brightness, and of

52 the 5.6 magnitude.

Hevelius’s 41

A star between Hevelius’s 41 and Flamstead’s
52 1s rather less than the 6th magnitude,
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5. Tycho’s 20 Cetf, probably x in the Whale's
: Belly.

R. Asc. 1* 39’ Decl. S, 13° 20,
Greatest and least magnitude, 5—0.
This star had disappeared in the time of He.
velius, x Cetiis of the 4.5 magnitude, and of
the same brightness as the three { Aquarii,

6. ‘F?amstead’s 55 Andromede, marked jvebu.
lous in his Catalogue.

R. Asc. 1" 40 80", Decl. N. 39 40 g7/,
Greatest and least magnitude, 60,

This star appears nebulous, in consequence
of some small stars which are near it, but is
not really so. Pigott and Hevelius observed it
to be a star of the 6th magnitude.

7. ¢, or the 11th Eridani, according to Prolemy
and Ulugh Beigh,

R. Asc. 2" 42'. Decl. 8. 9* &0,
Greatest and least magnitude, 4~0.

In 189] and 1692, Flamstead could not see
this star. In 1782, 1783, and 1784, Pigott ob-
served in this place a star of the 7th magnitude,
which did not exhibit any variation of bright-

CHAPR
x.
L ae

ness. It always appeared less than two httle -

stars near and below » Eridani.

8. Flamstead’s 41 Tauri, the 26th of Ulugh
Beigh, and the 43d of Tycho.

R. Asc. 8* 58 27". Decl. N. 27° ¢/ 397,
~ Greatest and least magnitude, 5-—8.
This star, which Cassini suspected, without
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cuap. much reason, to be new and variable, was seen

X,

by Ulugh Beigh and Tycho. In 1784 and
1785, Mr. Pigott found it of the 5th magni-
tude, equal to 3, and brighter than ¢, P, and
x Tauri. Hevelivs makes it of the Sth, and
Flamstead of the 6th magnitude,

9. Star 2° 18’ nortk of 58 Eridani,

R. Asc. 4° 29", Decl. 5. 12° 80,
Greatest and least magnitude, 4—0.
Cassini believed that this star was a new one,
and was not visible in 166¢. ‘In 1784, Pigott
observed it to be less than o and d, brighter
than A, and equal to § Eridani.

10, Flamstead’s 47 Eridaxi.

R. Asc. 4" 29" 54”7, Decl, 8. 8° 21’ 407,
Greatest and {east magnitude, 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. y of the Great Dog.

R. Asc. 6" 54’ 5. Decl. 8.15° 19/ 36",
Greatest and least magnitude, $—0.

‘Tycho, Bayer, Hevelins, and Flamstead, mark
this star as ot the 8d magnitude. It was invi-
sible in 1670, according to Maraldi and Mon-
tanari ; ‘but in 1692 and 1693, it appeared of
the 4th magnitude. Mr. Pigott has observed it
frequently since 1782, but never perceived the
least variation. Tt was always of the 4th mag-
nitude, a Hittle brighter than 8, and decidedly
brighter than «. La Caille also makes it.of the
4th magnitude,

/
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12, Pollux, or § Gemini. - .mﬁi'.

R. Asc. 7® 327 117, Decl. N. 28° 317 887, v~
Greatest and deast mpgnitude, 1—3.

Mr. Pigott observes, that if either Castor o
PoMux have varied jn lustre, it is probably the
latter, In the years 1783, 1784, and 1785,
Pollux was nndoubtedly brighter than Castor,
Hevelins makes them both of the 2d magni-
~tude. Flamstead makes Castor of the Ist, and

Pollux of the 2d magnitude. La Caille makes
Castor of the 1.2, apd Pollux of the 2.8 mag-
nitude, and Bradley makes them both of the 1st
maguitude. _

18. £ Leonis,

R. Asc. 9" 207 4”. Decl. N, 12° 14/ 234,
Greatest and least magnitude, 5.6—0. :
Tycho, Bayer, Flamstead, Mayer, and Brad-
ley, have all marked this star of the 4th mag-
nitude. It could scarcely be seen by Maraldi
and Montanari in 1698. In 1783, 1784, and
1785, Pigott saw it always’of the 5th magnitade,
less than A and 7, and perhaps rather brighter
than 4 and » Leonis. .

14+ ¥ Leonis.

R. Asc. 9* 8% 87, Decl, N, 14° 50’ 36",
Greatest and least magnitude, 5.6—0.
This star is said to haveé disappeared in
1667, when it was seen by Montanari. Ma-
raldi observed it in 1691, when it was very
small. From 1784 to 1786, Pigott saw it al-
ways of the 5.6 magnitude, less than v, and
brighter than i, Flamstead’s 46th, Hevelius
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makes it of the 5th, and Flamstead of the 6th,
magnitude,

15. 25 Leonis.

R. Asc. 9* 467 8. Decl. N. 12* 20’ 36”.
Greatest and least magnitude, 6,7—0.
In 1783, Mr. Pigott discovered that this star
was missing, He could not see it in 1784 and
1785,

16. Bayer’s © Leonis, and Tycho's 16 Leonis,

R. Asc. 9* 5%’ 30", Decl, N, 15° 80/,
Greatest and least magnitude, 60,
"This star was invisible in 1700 ; but near its
place were perceived eight other stars, to be

found in no catalogue. Pigott could not see it

in 1'785. It is not the ¢ Leonis of other cata-
logues.

17. § Great Bear.
. R. Asc. 12" 4/ 45", Decl. N, 58° 13" 24/,
Greatest and least magnitude, 2—4.

« This star is marked of the 2d magnitude by
Tycho and the Prince of Hesse, while Heve.
lius, La Caille, and Bradley, mark it of the 3d.
From 1783 to 1786, it appeared to Pigott as
a bright 4th magnitude, rather less than s, equal
to «, and rather brighter than x Draconis, Flam-
stead marks it of the 2.3 magnitude.

18. n Virginis.

R. Asc. 127/ 48", Decl. N. 0° 24’ 167,
Greatest and least magnitude, 60,
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This star, which is notin the charts of Bayer, CHAP:
. was observed by Ricciolus. Flamstead could _ *:
not see it on the 27th of January 1630, though

he must have observed it on the 12th May -
1677, and some years afterwards, as it is in

his catalogue. Mr. Pigott examined it fre-
quently in 1784 and 1785; but it always ap-
peared of the 6th magnitude, less than ¢, and
rather brighter than a star three degrees lower, -

in a right line with ¢ and n Virginis. Flamstead
makes it of the 6th, and Bradley of the §th
magnitude,

19. Bayer’s Star of the 6th magnitude, 1° south
of y Virginis. '

~ R. Asc. 128 53, Decl. 8. 10°
Greatest and least magnitude, 6-—0;

This star is the most southern of the two,
and ¢, which are placed under the south hand
of the Virgin by Bayer and Flamstead. Ma.
raldi could not see it, and Pigott looked for it
in vain in May 1785.

20. Star in the Virgin's northern Thigh,

R. Asc. 13° 297 . Decl.S. 0* 30/
Greatest and least magnitude, 6—0.
Ricciolus marks this star as of the 6th mag.
nitude. Maraldi could not see it in 1709, and
Pigott could not see it in 1785.

21. 91 or 92 Virginis,
R. Asc, 13" 43’ 43", Decl. N, 2° 5 507/,

Greatest and least magnitude, 6--0.
In 1785, Pigott found one of these stars mis-
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sing, which he supposed to be the 91. The
remaining one is of the 6.7 magnitude.

22. « Draconis,

R. Asc. 13* 58 36”. Decl. N. 65° 24 87,
Greatest and least maggpitude, 2—4.

This star is at present only of the 4th magni-
tude, though Hevelius, Flamstead, and Bradley,
mark it of the 3d. Mr. Pigott and Dr. Har.
schel both think it to be variable. The former,
however, examined it frequently betwean Octo-
ber 1782 and 1786, but never perceived any
change in its lustre. It was less tham + Draco-
nis, equal to § of the Great Bear, and rather
brighter than « Draconis, La Caille marks
it of the 3d magpitude,

28.‘Ba;yer’s Star in the West Scales of Libra.

R. Asc, 14° 597 80’7, Decl. S, 18° 26,
Greatest and least maguitude, 4—7.
Maraldi could not find this star, and Pigott
Iooked 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 » Librz.

24. Ptolemy and Ulugh Beigh's No. 6 of the
unformed Stars in Libra.

R. Asc. 15" 2974, Decl. 8. 20° 30.

Greatest and least maguitude, 4—7,
Though this star is marked of the 4th mag-
nitude, it does not appear io any ruodern .cata-
logue. In 1785, Mr, Pigott frequently observed
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a star of the 7th magnitude very near its place, cnar.
rather less than Flamstead’s 41, X

25, x Libree.

R. Asc. 15" 29’ 39/, Decl. 5. 19° 58’ 27",
Greatest and least magnitude, 4-~35.

Tycho and Bayer mark this star as of the
4th magnitude. Hevelivs says that it had dis-
appeared, During the years 1783, 1784, and
1785, Pigott found it always of the 5th magni.
tude, less than ¢ or 6, equal to », and brighter
than ». Flamstead marks it of the 4th magni-
tude,

26, Tycho's 11 Libre.

R. Asc, 15" 87 30”7, Decl. 5. 19 80,
Greatest and least magnitude, 4—0.
Hevelins and Pigott could not find this star.
The latter thinks that it never existed, and that
it is the x, with an error of 2° in longitude,

27. 88 Serpentis. .

R. Asc, 15 387, Decl. N, 17° 14,
‘Greatest and least magritude, 6—O0.
In 1784, Pigott found that this star was mism.
ing, and he coyld not see it in 1785, with a
night-glass.

28. Bayer's Star, near + of the Great Beur.

R. Asc. 16 157, Decl.'N. 82° 45,
Greatest and least magnitude, 6—0.
This star could not be seen by Cassini. Pi-
gott -found no star near the ¢« brighter than the
7.8th magnitude.
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r
‘cuap. 29. p, or Pilolemy and Ulugh Beigh's 14¢h of
X Ophiuchus, or Flamstead's 36th.

S
’ R. Asc. 17" 2 14”. Decl. 8. 26° 157 377,
Greatest and least magnitude, 4—0.

F* This star is said to have disappeared before
1695. Hevelius could not find it. In 1784
and 1785, Pigott saw it of the 4.5 magnitude,
much brighter than 3¢, rather brighter than
51 and 58, and less than 44. On the 30th
June 1783, Pigott marked it in his journal as
equal to 39, and less than 51 and 58.

30. Ptolemy’s 13th Ophiuchi,

R. Asc. 17" 18/, Decl. S, 20° 35,
Greatest and least magnitude, 4—0.

31. Ptolemy’s 18th Ophiuchi.

R. Asc. 17" 227 Decl. S. 24° 10".
Greatest and least magnitudes, 5---0.

The two preceding stars seem to have disap.
peared. Mr. Pigott, however, thinks that the
13th Ophiuchi is Flamstead’s 40th, and that
the 18th Ophiuchi should be marked with north,
instead of. south, latitude, which would make
it coincide nearly with Flamstead’s 58th.

32. ¢ Sagittarii.

R. Asc. 18® 42, Decl. 8. 26° 32’ 34",
Greatest and least magnitude, 2—4.

Dr. Herschel and Mr. Pigott agree in think-
ing this star variable. In 1788, 1784, and
1785, Pigott observed it of the 2.8 magnitude,
and brighter than x Sagittarii, Hevelius makes
it of the 4th, and La Caille of the 2,2 magnitude.
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88, 0 Serpentis. - cEAn

R. Asc. 18" 45 85", Decl. N. 8° 56/ 36", , "
Greatest and least magnitude, 45, )

Tycho, Bayer, Hevelius, and Flamstead, ob-
served this star to be of the 8d magnitude.
Montanari saw it of the sth, and found it to in.
crease in the- following year, In 1783, 1784,
and 1785, Pigott observed it frequently without
perceiving any change in its lustre, It was al-
ways of the 4th magnitude, less than § Aquile,
and P Ophiuchi. La Caille makes it of the 4.3
magnitude.

- 84. Tycho's, 271 Capricorni.

R. Asc. 21" 41/ 07, Decl. 8. 14° 28’ 0",
Greatest and least magnitude, 6—0,
This star could not be seen by Hevelius, nor
by Pigott in 1778, 1782, and 1784, with his
transit instrument. .

85. Tycho's 22 Andromedee, af the end of the
' chain.

R. Asc. 21" 43/ 30”7, Decl. N, 49° 15/,
Greatest and least magnitude, 4—o.
Cassini observes that this star was grown so
small, that 1t could scarcely be seen. It should
be near the two « Cygni, but Pigott could find
no star in this place in 1784 and 1785.

86. Tycho’s 19th Aquarii.

R, Asc, 22" 25, Decl 8. 15° 55/ 0",
Greatest and lcast magnitude, 6—0;,
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CHAP.  Hevelius remarks that this star was missing,

w=__and that Flamstead could not see it with-his
naked eye. Pigott, who could not see it in
1782, is confident that it is the same as Flam.
stead’s 56th, marked f by Bayer, from which it
is only 14° distant.

87. + Andromedee.

R. Asc. 22° 52 6”. Decl. N. 41° 10' 457,
Greatest and least magnitude, 46,
According to Pigott, this star is less than e
Cephel, equal to { Cassiopei®, or perhaps ra-
ther brighter than it, and brighter than », x or «
Andromedz.

88. La Caille's 488 Aquarii.

R, Asc. 22" 58’ 40”7, Decl. S. 8° 50’ 45.”
Greatest and least magnitude, 7—0.
Mr. Pigott found this star missing in 1778,
and he could not see it in 1783 or 1784,

Starssup.  The following 13 stars are ranked by Dr,

posed b
br.Her. Herschel among those that are lost, or have

;:::l v be undergone some great change.
80 and 81 Hercules.

These stars, though of the 4th magnitude in
Flamstead’s catalogue, are not to be found.

71 Hercules.

This star is of the 5th magnitude in Flam.
stead’s catalogue, but seems to be lost,
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55 Hercules. ' cnx.m

This star, which Dr. Herschel saw on the — v
12th April 1782, is now lost.

8¢ Cancer.

This star has vanished, though it is of the 6th
magnitude. There is a telescopic star near its
place.

19 Perseus.
This star of the 6th magnitude is lost,
108 Pisces.

This star of the 6th magnitude, near the head
of A.ﬁes, is Iﬁsf.'

%3 and 14 Cancer.

These two stars of the 6th magnitude; in the
southiern claw of theé Crab, are either losty or
have suffered such great changes that they can
no longer be found.

8 Hydre.

This star is lost. A star just by it may be
the 8lst Unieornr. If this Iast should be the
8th Hydre, and a small star near it the 3ist
Unicorn, their magnitudes and places have vn.
dergone a great change.

26 Cancer.
This stax is lost, -



400 On the Fized Stars.

CitAp, . 62 Orion.
X.

‘e’ This star is lost, and a star near the 54th
and 51st, is not noticed by Flamstead,

84 Berenice's Hair.
'This star of the 5th magnitude is lost,

- 19. Berenice's Hair,
This star is either lost, or has moved and
changed its magnitude,

surswhich  The following stars are ranked by Dr. Her-
ﬁ[;ef';f;_ schel among those that have changed their mag.
peses o pitude since the time of Flamstead.

havechang- . .

ed their . P .o

magnin « Draconis 1s much less than 8, though Flam.-

tuds. stead makes it smaller. _

« Ceti is much less than 3 Ceti, though Flam.
stead makes the former of the 2d, and the lat-
ter of the 3d magnitude.

{ Serpentis is less than », though Flamstead
makes them of the same magnitude,

» in the Swan is brighter than x.

The 2 of the Great Bear is of the 5th, and -
not of the 6th magnitude. .

» Bootes is much larger than {,

+ Dolphin is much lurger than x.

g Triangle is much larger than «.

y Eagle is larger than 2.

« Sagittarius is larger than §, y, and 1, though
marked as smaller.

§ of the Great Dog is larger than g,

n Serpent is much larger than .

» Serpentarius is larger than y and «
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# of the Little Horse is less than a. CHAP.

3 Dolphin is larger than <. X

s Bootes is larger than (.

§ in the Arrow is larger than « and &,

¥ in the Great Bear is less thaq t,¢orn It
is only of the 4th magnitude, while these three
_are at least of the 2.3,

« Great Bear is much less than any other
etar marked, like it, of the 1.2 magnitude.

The Ist and 2d Hydra are only of the 8th
or 9th magnitude, instead of the 4th, as they
are marked by ¥Flamstead.

y Lyra is much larger than 8.

The 31st and 34th of the Dragon have chang.
ed greatly. The 81st has increased from the
7th to the 4th, and the 34th has diminished
from the 4.5 to the 6.7 magnitude.

44 Cancer is only of the B.9th, ifistead of the
6th, magnitude. ‘

96 Tauri is of the 8th, rather than of the
6th, magnitnde,

62 Aries is of the 5th, and not of the
magnitude. ‘ _
12 and 14 Lynx are just the reverse of what

Flamstead has made them, the one having’
changed from the 5th to the 7th, and the other

from the 7th to the 5th, magnitude,
" 38 Perseus, instead of the 6th, it equal to §
and » of the 4th, magnitude. .

§ Perseus is less than ».

§ Unicorn is less than 76 Orion, though the
former should be of the 4th, and the latter of

. the 6th, magnitude,

28 Gemini, though of the 5th, is less than
the 21st of the 6.7 magnitude.

26 Orion is either lost, or has diminished
greatly in magnitude,

Vol. I Cs
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£ Lion is less than the 5th, though Flamstead
makes it of the 4th magnitude.

The following stars are marked by Dr., Her-
-schel as among the stars that have recently be-
come visible.
A star in the end of the Lizard’s Tail, of the
4.5 magnitude, is not recorded by Flamstead,
_though he notices the Ist of the Lizard.
The star of the 8th magnitude, following

= Perseus, is probably new.

A star near the Head of Cepheus is not given
by Flamstead. :

A considerable star, In a direction from the
68th to the 61st Gemini, is not in Flamstead’s
catalogue.

A star of considerable brightness, preceding
‘the 1st of the Little Horse, is not given by
Flamstead.

A considerable star, following the 1st of the
Sextant, and another following the 7th, are not
in Flamstead’s catalogue.

A remarkable ‘star between 2 and 3 Hydm,

. is not given by Flamstead.

A star nearly 1° 30/ north following ¢ Her.
cules, in the direction of 3 and », and of the

, 4.5 magnitude, is not given by Flamstead.

About 3° south preceding y Bootes, is a star
of the 6th magnitude ; and south preceding »,
is another of the same size, not observed by
Flamstead.*

* See Phil. Trans. 1783, vol. Ixxiil, p. 247, &e.
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T T aOn Single, or Insulated Stars.*

By the name of insulated stars, Dr. Herschel CHAR
denotes those celestial bodies which are in a great ___"
degree out of the reach of the attractive force of |,
ather stars, such as our Sun, Arcturus, Capella,
Lyra, Sirius, Canobus, Markab Bellatrix, Men-
kar, Shedir, Algorah, -Propus, and probably
many others. It is obvious that no two stars in
the universe, can be altogether out of the sphere
of each other’s attraction; but in the case of
Sirius and our Sun, which, upon the supposi-
tion that their masses are equal, and that the
former has a parallax of 17, would take 38 .
millions of years to fall to one another by their
mutual action, we are entitled to say that they
are insulated. Insulated stars are considered by
Dr. Herschel as the centres of extensive plane.
tary systems like our own; an opinion which he
- deduces from analogy, and from the nature of
other sidereal combinations. Instead of suppo-
sing, therefore, as has generally been done,
that every star in the firmament is encircled with
planets, satellites, and comets, Dr. Herschel be.
lieves that the insulated stars alone are surround.
ed with such numerous attendants.

5.0f Double Stars, or Binary Sidereal Systems.

A binary sidereal system, or a double star on Donbie
is fi db tey. Slars.
properly so called, is formed by two stars situ-
ated so near each other, as to be kept together

* In the remaining articles of this Chapter, we have
followed the claeeification adopted by Dr. Heruchel.
Cc2
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CHAP. by their mutual gravitation. The two bodies may
X revolve round their common centre of gravity
in circles, or in similar ellipses, the dimensions
of their orbits being proportional to their rela-

tive quantities of matter.

"Two stars may have the appearance of a double

star, though they do not form a binary system,
.when the one is situated at an immense distagce
bebind the other, but a little on one side of the
line in which we see the first.  They are in this
case out of the reach of one another’s attraction,
though in the Heavens they appear to be con-
tiguous, _
* Dr. Herschel has shewn, that no two insu-
lated stars can appear double to us, and that
there are very many chances against the supposi-
tion that the great number of double stars which
he has discovered, should only appear to be
double in consequence of the one being situated
at a great distance behind the other, and out of
the sphere of its attraction. Hence he concludes,
that as casual situations will not account for the
numerous phenomena of double stars, their ex.
istence must be owing to their mutual gravi.
tation.

This interesting conclusion, however, is not
founded merely on probabilities. 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 the
one performs a revolution round the other, and
that the motion of some oi them is direct, while
that of others is retrograde.

From the motion of cur Sun in absolute space,
it is natural to suppose that it performs a revo.
lution round some distant centre ; but Dr. Her.
schel believes that the Sur does not belong to
any binary system, and that its progressive mo-

o]
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tion is owing to some perturbations arising from cuap.
the proper motion of neighbouring stars and X
systems. . S——
From a series of observations made during a
riod of twenty.five years, Dr. Herschel has
ound, that in more than 50 of the double stars,
there is a change either in the distance of the
two stars, or in the angle that a line joining
them forms with the direction of their daily mo-
tion, which he calls the angle of position. A
few only of these interesting observations havg
been published. They relate to six double stars,
viz. « Geminorum, y Leonis, ¢« Bootes, { Her-
culis, § Serpentis, and y Virginis.
Castor, or « Geminorum, was observed by Dr. cystor.
Herschel from the year 1778, to the year 1803, .
He never could perceive any variation in the dis-
tance of the two stars, which was uniformly 12
of the diameter of the large one. See Plate VI, piate v1.
Fig.2, In the angle of position, however, a re.5up. Fig.2:
markable change had taﬁzn place. In the year
1779, November 5th, it was 32* 47’ N. pre.
ceding,* and on March 27th, 1803, it had dimi.
nished to 10° 53/, which was a decrease of 21°
54', in the space of 23 years and 142 days.
From the measures of this angle, taken at inter-
mediate times, it appears, that the angle of po-
sition has suffered an irregular and gradual di-
minution. In the year 1759, Dr. Bradley had
observed that the line joining the two stars which

—,

* North preceding signifies that the emaller star is north
of the larger one, and precedes it in their diurnal motion ;
and north following denotes that the one iy north of the
other, and follows it in their diurnal motion.  South pre.
c:eding and south following indicate the same thing, with
this difference only, that the small star is south of the other,

L
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CHAP. form Castor was, at all times of the year, pa-
: ,rallel to the line joining Castor and Poliux,
and Dr. Maskelyne had verified this resuir
"in 1760 or 1761. By this observation, Dr.
Herschel has obtained an addition of 20 years
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 43 years 142
days, the angle of position has diminished 45°
89’; and, from the regularity of its decrease,
it is highly probable, that the orbits in which
the two stars move round thetr common centre
of gravity, are nearly circular, and at right
angles to the line in which we see them ; and
that the time of a2 whole apparent revolution of
the small star round Castor, will be nearly 342
years and two months, in a retrograde direc.
tion., :
y Lesnis, - The distance of the two stars which compose
~ the double star of y l.eonis, has undergone 2
decided change from February 16th, 1782, to
March 26th, 1803, From animmense number
of observations it appears, that the two stars
were, in 1803, one- 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
diameters of the two stars wereas 5 to 4. The
angle of position, on the 16th February 1782,
was '7° 37/ north following, and on the 26th
March 1808, it had dimimshed to 6° 21’ south
following. From the interval between the two
stars, the ratio of their diameters, and the va-
riation in the angle of position, Dr. Herschel has
found that the apparent orbit of the small star
is elliptical, and that it performs a whole revo.

bl A . by e
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lution in about 1200 years, in a retrograde di- crap.
rection. ' _ Rl
The beautiful double star of « Bootes ¥s com-. Bootes.
posed of two stars, one of which is of a light
red, and the other of a fine blue, having the
appearance of a planet and its satellite. With
a power of 460, and an aperture of 6.3 inches,
the distance between the two stars in 1781 was -
11, the diameter of the large star, and in 1803
the interval had increased to 13 of that diame-
ter. The ratio of the size of the starsis as 8
to 2. Omn the 31st of August 1780, the angle
of position was 32° 19/ north preceding, and
on the 16th March 1803, it had increased to .
44° 52/, whichisa change of 12° 8%’ in the
space of 22 years and 207 days. From these
facts, Dr. Herschel concludes that the orbit of
the small star is elliptical, and performs its re-
volution, according to the order of the signs,
in 1681 years.
The double star { Hercules is composed of ; Herrutes.
a greater and a lesser star, the former of which
is of a beautiful bluish white, and the latter of
a fine ash colour. On the 18th of July 1782,
the interval between the two stars was ore half
the diameter of the smaller one, with a power
of 460. On the 21st July of the same year,
their distance remained the same, but with a
power of 987 ; they were one full diameter of
the small star asunder. In 1795, Dr. Herschel
found it difficult to perceive the small star. In
the month of October 1795, however, he saw
it distinctly, with a power- of 460. In 1802;
he could no longer perceive the small star; but
in a clear night in September of that year, with
a power of 460, the apparent disc of { Hercu
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CHAP. les seemed to be 3 little lengthened in one di-
s Yection.  With the ten feet telescope, and =z
- powar of 600, it had the appearance of a length.

ened, or rather wedge-formed, star, jth a
powexr of 2140, he again examined it on the
11th of April 1803, and found the dise a little
distorted ; but he was convinced that not maoye
than three-eighths of the apparent diameter of
the small star was wanting to a complete occul.
tation. The angle of posiion, on the 21st
July 1782, was 20° 42’ north following.

3 Serpene double star of 3 Serpentis has, like s

e Bootes, undergone a considerable change in the
angle of position, without any variation in the
distance between the twa stars, On the 5th of
September 1782, the angle of position was 42
48’ south preceding; and on the 7th February
1802, it was 61° 97' south preceding, having
sustained a diminution of 18* 8% in the space
of 19 years and 155 days. Hence the period
of a complete revolution of the smaller star will
be about 875 years.

y Viegnis, ~ The double star of y Virginis, which has long
‘been known to astronomers, is composed of two
stars, avhich Dr. Herschel at first considered as
nearly equal, though he has since ascertained
that the one is a little larger than the other
‘Their distance, which is about 2% diameters, has

. continued the same for 21 years, while the
angle of position bas varied considersbly. ©On
the 21st November 1781, the angle of position
was 40° 44/ south following, or rather north
preceding, simee the other star was afterwards
found to be the smaller of the two; and on the
15th of April 1803, the angle of position was
302 20/ north preceding, having suffered a di-

-
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minution of 10° 24/ in 21 years and 145 days. CHaAr.
From an abservation of Mayer's, however, in’
1756, Dr. Herschel has found the angle of po.

sition for that year to be 54° 21’ 37 north
preceding, which gives 3 motion of 24° 2’ in

47 years and 105 days. Hence he concludes

that a complete revolution is performed in about

708 years. ' '

Having thus given an account of some of the
principal revolutions of double stars, we shall
now lay before our readers a complete cata-
logue of double stars, containing the angle of Remarks
position, the distance of ‘the stars, their colour, Sogue of
and their relative magnitudes, according to the Pouble
observations of Dr. Herschel. Suas.

Dr. Herschel has divided double stars in.
to six classes. In the first class he has placed

- all those that require a very superior telescope,
and the most favourable circumstances, to be
distinctly seen. In order to perceive the most
minute of these delicate objects, such as » of the
North Crown, Dr. Herschel advises that the
telescope should,be first directed to « Gemini, or
to { Aquarius, ¥ Dragon, ¢ Hercules, = Pisces,
or « Lyra, that the eye may be accustomed to
this c{ass- 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
4 Bootes, which is a fine miniature of « Gemini,
to the star preceding « Orion, to n Orion, and
then to » 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 examined in the fol-
lowing order: « Hercules, » Auriga, 3 Gemini,
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k Swan, v Perseus, s Dragon, and then the
beautiful star « Bootes. The second class of
double stars contains those in which the two
stars are so near each other, that their distance .
may be estimated by the eye, in diameters of
either of the stars. The tkird class contains
all those in which the two stars are more tham
5, but less than 157/, asunder. The stars im
this class may be seen by telescopes that magnify
from 40 to 100 times, and should be observed
in the following order: { Great Bear, ¥ Dol
phin, » Bootes, y Virgin, s Cassiopeiae,and xSwan.
The fourth class contains those stars, whose dis-
tance is from 15 to 30”’. The fifth class con-
tains those whose distance is from 3¢/ to 17
and the sixth class those whose distance is from
1 to 9%, or more. . .

In order to perceive the closest of the double
stars, Dr. Herschel advises that the power of
the telescope should be adjusted upon =z star
known to be single, of nearly the same alti-
tude, magnitude, and colour, with the double
star which is to be ebserved, 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;
hut he soon observed the small star, after he
kad adjusted the focus upon Regulus.

In the following Table, N. P.; S.P.; N.F.;
S. F. stand for north preceding, south preced-
ing, north following, south following. L. stands.

- for the larger of the two stars, and S. for the

smatller.

The Table contains an account only of the
principal stars in Dr. Herschel’s catalogue,
as the limits of this work would not permit
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us to give the whole of them. In the next char
Table, however, we have in some measure sup-

plied 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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TABLE 1, confaining « Descrtpézoa of !ke
principal Double Stars in Dr Her:chel’.r

Catalogues. i
1
Finst CrLaAss.
CHAP, . . = | |Angle of posi-
X. E g Names of the Con- 'g' §‘ tion formed by
| M o teileti in & o'ithe line joining [Distence be-
: t 3 :vhichli)}?:y are g‘: the Stars and theitween the Stars.
"+ B| placed £ ¥ parailel of Deci-
P i 5 jnation.
36 | Boootes -~ ¢ | 31°54 N, P. | 1f diam. L.,
83 | Great Bear —~] § {53 478.F. i %
8 Camiopeiza - | « [G628 N.P. {1
39 | Dragon = b {77 aN.F. 13
63 Dngcn - '] 63 —14 Nn Pt 1
59 ) Serpent - d {4433 N.P. [ 1
44 | Bootes - i {2054 N.F. [ 2§,
2 ;1 North
Cromn v |501gN.F. 12
33 { Orion = - nf0055 N.F.|%8S.
T'wo nearest
32 {Odon = = } A|52108. P&
2| Lion = ~ @ 20548, F. ia contact.
41 | Lien = = ¥ { 524 N.F.} £8.
40 | Hercules - { §2042 N.F. 1 &
1t | Hercules = ¢ 504885, F. { }
star N, & Fol.
13 | Serpent -~ 3142498, P.}3S.
Bi | Virgo - « 41 12N.F. 1 &
40 | Serpent - - 2133 N.P. | &
lg | Ophiuchuse = } A {1430N.F. | { 8.
52 | Eagle = = x 134245, F. | %
18] Swan ~ -~ 3 PI82IN.F. |2

-
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TABLE I, conlaining a Description of the
principal Double Stars in Dr. Herschels
- Cafulogues. ,

Frrsr Crass.

CHAP,

) ' Colour of the Btars. X
Relative magnitude of the | L. demoting the larger, and S, Sy o
Stars. the smaller of the ;,wa. .

Very unequal. L. Reddish, S. blne, -

A little unequal, Both white and bright,
Very unequal. - L. reddish white, 5. dusky.
Extremely unequal. L. white, 8. reddish.
Excessively unequal, L. white, S. dusky.

Very unequal, ' L. reddish-white, S. blue,
Considerably unequal. Both white.

A little unequal. . Both whitish.

Considerably unequal, .. white, 5. bluish white,

Congiderably unequal. L. 'White. 5. rosy white,
Considerably unequal. Both red, :
Pretty unequal. 1. white, 5. reddish white,
Very unequal, L. whité; 8. ash colour,
Considerably unequal. * | Both reddish,

Cansiderably unequal. L. white, S. greyish.

ual. ’
A little unequal. '
Considerably unequal. L. white, 8. blue.
Little unequal,
| Very unequal. L. white, 8. reddish.
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£14
Szconp Crass,
CELP | 00 | Gemini, } « {32247 NP. 18, or 57
>
-yt G4 | Herculen ~ | & }30 35 5.F.] ior 4.6

75 | Herculea ~ { ¢ [30 21 N.P.] 1:org”
70 | Serpentarius ri1s 14 8. F.i 1§

55 | Aquarius -~ | £ [71 3g N.F.| 1t or4”.6
7 N&"::‘:’;“ } $ 28 51 NP.[3 ors”.5
89 I'Oron ' - 4.2 |45 14 N.F.{ 14 or5”.8

. 1. 129 4 N.F.

Last] Pisces -~ - | « 167 23 NUP.| 2 or35”.¢
21 { Dragon - —~ | # 37 38 S.P.} lford”.q
4 ijAunga - ~ | » B2 37 N.P.|2
26 ] Swan - -} ¢ 89 32 N.P.| 1£
17 | Cepheus = g ,20 18 N.P.| 2 ors”
37 | Bootes ~ | E 165 53 N.F.[ 15 0r3".4
5 i Serpentarius g 82 10 8. P 1%

Lagt| Libra * - g ] let (2 org’4

¥ 23 N.F.
45 | Persens - "¢ |81 28 8. F,; 2%
52 | Swan ~ ~ | k|28 17 N.F.| 2§

53 ¢ Gemind - 3 {85 51 5. P.

8 | Arrow - ¢ |34 10N.P.j 4 or 5”5
1g | Orion - g |68 12 5. P 6.5
6 | Trangle ~ + | 4 23 N.F.| 1%

23 | Cancer - (30156 42 N.F.| 2
24 | Cancer =~ [;,([32 g N.F. |1}

84 | Virgo - « 120 58 P28
2 iBereuice’s Hair 27 42 8. P.

38 | Pisces - 25 38.P. ]2
11 | Capricornus 8¢ OS.F.[1}

13 | Lynx, the
most aonth..
ern, 14° 8. ¢ 111 0S8 P2k
towards #
Gemini,
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Secowp Crass.

A little unequal, Both white.
Very unequal L. red, 8. bluish green,
Pretty uneci Both white. )
Considerably unequal, L. white, S. reddish.
Equal. Both whice. _
Considerably unequal. L.white, S. reddigh white,
Considerably unequal, L. white, S. pale rose.

‘ :
Considerzbly unequal.  §.Both white.
Equal, Both white.
Very unequals L. white. S, red.
Extremely unequal. L. white, 8. red. -
Cona:derably unequal L. reddish white, S, dusky
. grey-

Very unequak L. red, 5. deeper red.
Pretty unequal Both white.
Very unequal. L. fine wh.ite.

Extremely unequal.
Extremely unequal,

Extremely unequal,
Extremely nnequal:
Extremely unequal,
Very unequal.

A little unequal.

Considerably unle‘mt-:al.
Extremely un
Comldcrably unequal.
Pretty unequal.

Very unequal.

Neatly equal.

L. white, S. duskg
L. reddish white, 5, dusky
and faint.

L. reddisk white, 5. red.

L. white, S, reddish.
L. %a.le red, 8. bluish red.
Both reddish white.

Both pale red.

L. reddish white, 5. dusky.
L. reddish white,S. pale red,
Both pale red.

Both reddish white.

Both pale red.

CHAP.
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118 | Taurug - 77015 2% or 5
417 } Hydra, the. .
largest of } 90 © north. 2§
two.
39 [ Bootes m 38 2 N,F.1
65 | Pisces = 30 57 N.P.: 1%
49 | Swan =~ 31 48 N.F.; 1%
THiry CLaAss.
5¢ { Great Bear ¥ 156°40°8. F.] 14°.5
28 | Cassiopeia - | # 227 66 NLF.[ L1 .3
55 | Cassiopeia - ion 37 8. F.| 7.
57 i Andromeda ¥ [1g 37 N.F.] 9.3
8 | Cepheus = 8 11528 8. P.]J13 .1
8 | Scorpio - A |64 51 N.F.| 14 4
20 | Bootes = =1 62865 F.| 6.2
5| Ariles « ~ [ ¥ |86 5 N.P.{10.2
12 | Dolphin ~ vy 4 gN.P.|11.8
17 | Bootes = = |30 08. P|12 .8
78| Swan - = 20155 F.| 6.9
i | Dolphin -~ 9425, P. |12 .5
1 ]| Lizard's Teil | 76 16 5. P.| 13 .7
29 | Virga = v |40 4 B. F.| 7 .3
16 | Cancer = I ({8816 5. P.] 8.0
39 | Serpentarius 87 14 N.P.{ 10 .0
95 | Hercules ~ 4 95 P 6.
5S4 Len w o g148. F.{ 7.
43 [ Hercules w» | @ [85 28 N.F.[ 11 .7
38 | Gemisi - | ¢ |89 645 F| 7.8
T'wo nearest.
13 | Persens = ¢ |20 ON.P.|13 .5
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A Tttle uneqgnal. L. whits, S. reddish white:
A little unequal. Both white.

A Dittle unequal,

Nearly equal.
Very unequal.

Both pale red.

Both pale red.
L. red, 8. bluish red.

Tuirp CLass,

éonsidemhly unegual,
Very unequal.

Extremely unequal
Very usequal.

Very unequal.

Veg unegual.

Pretty unequal,
Equa{

Nearly equal.

Very unegual.
Considerzbly unequal,
A little upequal.
Considerably urequal,
Yqual,

Considerably unequal.
Very unequal.
Equal

Considerably unegqual,

Equal,
Extremely unequal,
Extremely unequal.

Extremely unequal.

1. white, S. rosy'wiiite.

L. white, S. bluish red.
‘| L. reddish white, S. green-

L. fine white, 8, fine gar-

neg,

ish blue.

L. bluish white, S. garnet.
L. whitish red, 8. red.
L. white, S.reddish white.

Both white.

L. white, 5. dusky.
I.. white, S. bluish.
Both white.

L. white, 8. dusky red.
Both white

Both pale red.
1.. white, 5. bluish.

Preceding white, following I

bluish white,
L. bright white, S. grey:ah
white.

Preceding' reddish white,
following white.

L. reddish white, S. red.
L. reddish white, S. red.

Vol, 11,

L. reddish white, S. dusky: |

Dd
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418
35 | Pisces, -~ 38°s4' 8. F. | 12758
20 | Auriga - 2 36 N.P.| 13 4
Taurus -~ e |17 13 N.F.111 .3
“1 | Cepheus - = |3230S5.F.{ 4.8
41 | Auriga = 80 o N.P.| 8.5
19 | Lyax - 4654 5. 7. | 14 2
40 | Lyox - 48 12 N.P.| 7 .2
Z Cat"ig Ve“*‘“} 11 0S8 P.|12.2
57 | Great Bear 75 36 N.T. | Just visible.
117 | Taurus - 5227 S.F.|12 .2
171 Cup - -~ 64 27 8. P.| 0.8
54 | Hydra = 3815 8. F.| i1 .3
55 | Eridanus = 44 9 N.P.: 0 .}
3 | Ceutaurus kY22 08 F.| 11 .6
5 | Serpent = 30° or 40°
N. F.
FourtH CLASS.
! %;;'}telgﬁf_“ } i | 660427 8. P.| 1772
20 [ Lyrn - n |31 51 8, P25 .y
Capricornus 1 25 .0
Perseus - n 125 0NP.|26.0
33 | Ares - 87 14 23 .5
63 | Serpent - ¢ 19 .4
31 { Dragon - A 4 28 2,
86 | Pisces - ¢ 12237 N.F.l22 .2
74 | Plsces - 1980 08 F.]22.5
50 | Tavrus - | x 18 .7
17 | Swan - | x 24 .9
gl | Aquariug - ¥ 23 .1
63 [ Lea ~ = 54 55 5, 1, 20 .1
12 | Cor Caroli 41 47 8. P.| 20 .0
61 | Swan - 36 28 N.F.| 16 .1
144 Auriga - 3738 8. P16 .1
47 | Dragon =~ ¢ |90 o N. 26 .6
| 50 | Orion - .0 7 18325 N.F.125.0
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Cansiderably unequal.
Very unequal. :
Extremely unequal,
Extremely unequal.
Considerably unequal,

A listle unequal

Very unequal.
Very unequal,
Excessively unequal

Almost equal.
Nearly equal.

Very unequll.

A very little utiequal.
Considerably unequal.
Excessively unequal.

- L. fine white, S. red.

L. reddish white, 5. pale red.
L. reddish white, S. red.
L. white, 3. red. -

L. white, 8. reddish grey.
L. reddish white, S, bluish

white. *

1. whitish red, 8. red,
L. red, S. bluish.
L. white, 8. a red point.

Both reddish white,

Both reddish white,

L. white, S. liluish red.

L..pale red, 5. reddish white,

L. dusky, 8. dusky pale red.

L.blieddish white, ; dusky]
e,

FountH Crass.

Extremely unequal.
Considerably unecﬁual.
. Extremely unequal.

Very unequal.

Considerably unequal,
Equal.

Pretty unequal.
Pretty unequal.

- Very unequal,

L. white, S, red.
1. white, 8. red.
L. red, §. blue.

L. white, 5. dusky.
Both white.

L., white, 5. pale red.
L. white, S. bluish white.

L. white, 8. dusky red.

Unequal.

A little unequal. Both reddish.

Very unequal. L. white, 8. reddish.
Pretty unequal. L. red, 5. garnet.

Very unequal. L, reddish white, S. dusky.
Very unequal, L. pale red, S. dusky red,
¥Very unequal. L. white, 5. dueky.

D4da2
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420 On the Fized Stars.
63 | Swan - f 187.2
45} Swan . - 2| 7°28' N. P.1 3¢ .0
wwo brightestd
24 | Berenice’s .
Hair } 328 N.FP] 18 4
28 | Great Bear A ] 314N} 39 .2
61 | Serpentarius, Directly fol- } 14 .1
near «y ‘1 lowing.
6 i Dolphin - s 178 ON.P.l2s 9
28 | Serpsnt  ~ 4 |8°or4°S. Pl 24 0
2 1t Little Horse ¥ J113g N.F.] 19.5
24 | Aquarivs ~ 25 .0
10 | Tnangle - a 17 .3
86 { Hercules = # 130 0S5.P.]118.0
i7 { Virgo - 58 21 N.P.| 20 .1
44 |Virge - | 2 (3230 N.F|22.3
48 | Cancer = + | 39 54 N.P.[ 29 .9
80 | Gemini - # . 21 .5
18 | Libra - 44 45 N.F.1 18,0
42 | Hercules - 342 8. F.| 21 .5
40 s
and [ ¢ Dragon l 35 15 5., P.{ 20 .6
41
77 | Places - 4 48 N.F.| 20 .6
51 t Pisces - G 36 N.¥.| 22 .5
12 { Capricorn ~ 6 130 45 S, P.{ 23 .6
13 | Cepheus -~ | # {77 48 8. P.{ 21 .k
6 | Great Dog star] + | Very near di.} 18 .3
rectly prec.
26 | Whale 436 F.R] 37 0
23 { Orion -~ m |59 33 N.F.[ 26 .1
Taurug = 23 15 N.F.{ 19 .8
27 { Shp = - 69 12 NLP.| 17 4
Unicorn - 15 12 29 g
59 | Auriga - 50 3 8. Py 23 .5
7 | Crow ~ 2 |54 08 P 23735
| 62 | Taurus - 21 12 N. P.] 28 .1
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Extremely unequal.

Considerably unequal.

Consicierah!y unequal,

Fxtremely uneﬁual.
A little noequal,

Extremely unequal.
Extremely unequal.

Excessively uncqual.
Very unequal.
Unequal.

Fxcessively uncqual,
Considerably unequal,

Extremely unequal,
Considerably unequal

LExcessively unequal,
Extremely uncqual,
Very unequal.

A little unequal.

A little unequal
Very unequal,

Pretty unequal,
A little unequal.

Considerably unequal.

Very unequal,

Considerably uncqual.

Very unequal.
A little unequal.
Extremely unequak

Extremely unequal.

Extremely uncqual.

Considera bly unequal.

L. five white, 5. dusfcy._ﬁ
L. reddish white, 8. dusky.

L., whitish red, S.bluish red,

L. reddish white, S. dusky.
L. white, 8. grey.

o

. white, 5. faint,

. white, S. dusky,

. palish red, 8. dusky.
. white, 8. bluish.

. white, . dusky blue.
. reddish white, S. dusky
garnet,

L. garnet, S. dusky.

L. red. 8. blue,

L. red, 8. reddisk white.

ol ol ol o

L.reddishwhite, S. pale red.

L. whitish red, S, pale red.
L.reddishwhite, 5. duskish,

Both reddish white,

L. white, S. reddish white,

L. reddish white, S. pale
red. .

L. reddish white, S. dark
blue.

L. white, 8. pale red.

L. pale red, 8. dusky red.
L. white, S. reddish white.
L. whitish red, 5. dusky.
L. reddish white.

L. white, S. red.

L. white, S. red.

CHAF,
X
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£29 On the Fixed Stars,
%4 | Cancer -~ 20° 0 8. Fr| 17,2
1y | Ophiuchus 3 98 TF.1 20 .4
29 | Camelopard 47 36 5. F. 22 .4
59 | Andromeda 55 9 N.F.| 15.2
100 | Pisces  ~ 5 DN.F.j 159
Frera Crass.
11 | Hercules -~ ¥ (72028’ 5. ¥.] 33".7
J 6| Lya « = r |62 18 8. F,) 42.0
27 | Cepheus ~ | 3 |36 28 N.F.[ 38.3
6 i Swan - 4 |69 28 N.P 30 .5
14 | Scorpic - vy |70 37 N.F 34 .3
7 | Hercules ~ | = 152 51 N.T.| 40.0
21 | Bootes - « {88 10 N. P. 37 .6
34 | Orion - 3 |88 10 N. P. 53
u } Dragon { P |sr 1o NR | sa s
9| Ariea -~ = A |42 ON.F,| 36
16 | Great Bear ¢ |BO 47 5. P 49
76 | Pisces - v 115 28 N.P.] 48 .1
18 Caasi.oieié - s |40 58 N. P. 52 W8
20 | Hercuks =~ ¥ |19 30 8. P.] 41 .8
1| Pegasus =~ e |88 1g N. P, 3% .1
6| Lion - - | A |12 55 N.F.| 35.8
Andromeda % (1037 8. P.|] 55.5
3|Lya ~ ~ |« |26468. F. 37.2
15 | Gemini - 60 0S8 P 32.6
7| Lion = - 836 N.F.| 42 +4
31 | Cancer - ¢ N. F.| 44 .
36 | :
and | ¥ Hercules m 136 57 5. P, Go
37!
14 | Great Bearl + |d5 O N.F. 54 .8
22| Aquarius ~ | A |55 48 33 .3
.38 Sagittariug r 28 6N
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A Hittle unequal, Both reddish white,
Very nnequal. L. pale red, S. dusky.
Very unequal, 1., pale red, 8. dusky,
- A little unequal, L. reddish white, S, pale

Pretty unrqlia].

red.
L. pale red, 8. red.

Firru CrLass.

Extremely unequal.
Pretty unequal,
Considerably vnequal

Coostderably unequal.
Very unequal.

A tittle unequal.
Very unequal.
Considerably unequal.

A little unequal.

Considerably nn.equal. .

Very unequal

Extremely unequal.
Extremely unequal.
Extremely unequal.

Very unequal.
Very unequal.
Extremely unegual.
Extremely unequal.
Very unequal.

Very unequal,
Extremely unequal,

A little unequal.
Extremcly unequal.

Excessively uncqual.
Lutremely unequal,

L. white, &, reddish white,

L. white, 8. rosy wlite.

L. reddish white, S. bluish
white. .

L. pale red, 8. fine blue.

Both white.

L. p.a!e red, 8. red.
L. white, 8. dusky.
L. white, S. bluish reds

Both pale red.

L. pale red, 8. dusky gate
net,

L. whitish red, 8. dusky.

L. pale red, S. dusky red.

. pale red, 8. dusky.

. reddish white, 5. red.

. pale red, 8. dusky.
red, 5. dusky.

white, 3. dusky.

. bright white, 5. dusky.
red, 5. dusky,

. reddish white, 8. red.
. red, 8. dusky,.

FoEE PR e

. bluish white, S. reddish
white.

L. white, S. dusky.
L. white, 8. dusky,

L. red, 8.dusky.

CHAP,
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424 On the Fixed Stars.
69 | Aquarius - T 19“54"5. F.[ 367.8
36 | Cassiopeia = | ¢ | 1012 8, F.] 33 .4
7 | Capdcorn -~ | , 18512 S.F.| 50 .
32 | Auriga - |, |61 48 S. B0 83 .7
10 | Lizard - 38 45 N.F.| 52 .5
3 | Pegasus -~ 82 48 N.P.y 384 .7
133 | Pegasug = 8g 12 N.F.] 45 .1
61 | Whale - 76 21 8. P 37 .9
56 | Auriga -~ 72 36 N.F.| &3
" | Between 3 '
Cancer and 55 o N.P.| 35 4
# Hydra )
111 | Tauvrus - 3 48 N.P.| 46 .7
103 | Taurus - 72 24 30
114 | Taurus  ~ } o 77 54 S. P} 50
12 | Berenice’s hair [ ¢ 177 0 S.F.|' 58 .9
A‘l‘,dmm’?da'“} F© 13224 8.P.) 45
- breast. X
{ 35 § Berenice’s hair 36 51 5. F.f 31.3
60 | Hercules 3 ON.P| 48 .7
r H Crass .
08 | Whale . = 7o | — T 397
n|Lym - - |3 S.Pija -
5| Capricom - & 1 45
43 | Gemini- -~ | ¢ [ 81904’ N.P.| 1 31 g
32| Lion. = = |30 5 N.P.|2 48.,3
84 | Lion - * | 73290 8.F.|122 .9
95 | Lion - o 18 o0 N.F.{1 30
58 | Serpent - 2 9 75 F.1121
4g ! Bootes 5| 540 N.F.|2 15
51 | Bootes - » [B8025 5.F.|2 8
11 Arm_w - 8§32 5.F.1131 .0
9| Capricom - | g Preceding. |3 q
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Very unequal.
Very srequal.
Verv u equal.
Excessively unequal.
Very unequat,

Pretty unequal.

Considerably ﬁnequal.
Extremely uacqual,

Considerably unequal.
Excessively unegual.
Very unequal.
Excessively unequal

Excessively unequal.
Considerably unequal.

Equal

Very unequal.
Extremely unequal.

. reddish white, 8. dusky.
. palered, S.red.

. red, 8. dusky blue.

. oranye white, S, red.

. white, S. red.

e

L. whitish red, 5. dusky
red.
1. pale red, S.red.
L. reddish white, 8. dusky
red.
L. white, §. pale red.

L. reddish white, 8. red:

L. reddish white, S- dusky,

L. white, 8. a point.

L. reddish white, S. pale
red.

Both pale red.

L. ved, S.dusky-
L. white, 8. dusky.

SixTir Crass.

Very unequal,
Extremely unequal:
Very unequal.
Very unequal,

Very unequal-

Considerably unequal,
Extremely unequal,
Extremely uuequal.
Considerably unequal.
Unequal.

Very unegual,
Considerably unequal,

L. garnet, S. dusky.

S. dusky.

L. red, 8. dusky.

L. reddish white, S.dusky

red.
L., white, S. dusky.

L. red, S. bluish.

L. reddish white, S. dusky.
L. pale red, 3 dusky-

L. reddish white, S, white.
L.reddishwhite, S. pale red,

L. red, S. bluish red.

CHAP,
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13
54
58

24
87

28
14

74
34
&1
15
12

a7

HOS

104

43
30

12
53

- On the Fized Stars.

Auriga - | « [33%42"8F. | 2749”71
S8wan - ~ | A 31242 8. F. ] 1
Orion - - |« 62188 F.| 2 6
Virgo = # l2a55 NP1 39
Libra < ‘122318%.4 1 5.2
Taurus, Al-

ety o } e (5258 NF.| 127 7
Orien - » 35 12 N.F. 15
Aries = 11 12 NP.} 1295
Lion ~ =~ o {14036 NF.] 1 3.5
Lion = -~ | @ [1oori2N.P.{ 186 6
Auriga =~ 8 |84 12 N.F.[| 249 .1
Virgo 75 ONP.| 113 2
NorthCrown | ¢ {5427 8.F.1 127 .7
North Crowa | » |33 12 N.F 135 .2
Bootes = % ]250r308.F.] 1 30
Perseus ~ | m |71 518 P.] 136 4
Lyax - = 2 0 NP 128 3
Pegasus =~ | ¢ {5245 NP.| 1309
Taurug = I8 05.P 141.5
Eridanus - } 2 |15 g N.F 1 0.4
Bootes  ~ 724 NPt 117 9
Virgo ~ = 225 .7
Hercules - 38 48 5. P.| 1 14 .6
Unicortn - . 3890 9
Lizard = 73 oNT 1 0.1

« | 64 44 N.P 2 23 .18

Eagle -
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Lxtremcly uneqgual.
Extremely uncqual,
Extremely nuequal
Extremely unequal.
Very unequal.

Extremely uncqual,

Excessively unequal.
Very unequal.
Extremely nnequal,
Very unequal,

Excessively unequal.
Very unequal.

Very unequal.
Ixtremely unegual,
Extremely unequal.

Pretty unequal.

Very vnequal

Very unequal.

Very unequal.
Considerably unequal.

Extremely unequal.
Extremely unequal,

Very unequal.

Very, or extremely un-
equal.

Very uncqual.

Extremely unequal.

L. white, 8. dusky.

L. bluish white, 8. dusky.
L. red, 8. dusky.

L. white, 5. dusky.

L. white, 8. dusky red.

L. red, S. dusky.

L. white, 8. dusky.

L. pale red, 2. dusky red.
L. reddish white, 8. red.
L. white, 8. pale red.

1. bluish white, S. dusky.
L. white, 8. dusky.

L. white, S. dusky.

“1.. white, S. red.

L. orange white, 5. red.

L. red, 5. reddish.

L. red, 8. garnet.

L. pale red, 8. dusky red.
L. pale red, 8. red.

L. white, 5. pale red

L. red, 8. dasky red.

L. whiish red, S. dusky
red.

L. inclining to garnet, S,
red.

1.. white, 5. red.
L. white, 8. dusky.

CHADR
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On the Fized Siars,

TABLE Il, containing the Names of the
Daowble Stars observed by Dr. Herschel,
but not conlained in the preceding Fable.

Fiust Crass.

6 Dragon.

38 Midéle of Lynx's Tail.

11 Cancer.

24 Eagle.

Near 51 Bootes.

Smallest of the two between
2 and 3 N. Crown.

h Dragon.

5% Orion,

¢ T'nangle.

In the hind thigh of the
Little Dog.

Near 44 Lion.

2 + Cancer.

Between 3G and 4% Lynx.

South Preceding 44 Lynx.

55 Cassiopeia.

38 Serpentariua.

N. Preceding 18 Perseus.

8. Preceding 8 Cassiopeia.

N. Preceding 25 Cassiopeia,

North of 31 Dragon,

Near 4 « Dragon.

4 Aquarius.

5. Preceding & Awriga,

N. Preceding 29 Capricorn.

Preceding 6 Cepheus.

N. Preceding a Cepheus.

Preceding x A quarius.

Followmg , Cepheus,

N. Following 25 Crion.

Preceding 30 Orion.

Preceding = Ouion.

N. Preceding 8 Taurus.

3. Following 54 Whale.

Fotlowing 3 Lyre.

Between | and 8 Lyre.

8. Following a Lyre.

N, Prec. 1 Little Horse.

8. Foll. 2 Little Horse.

South of ¥ Little Horse,

N. Fellowing & Arrow.

S. Preceding 23 Dragon.

Near the nebuiz in Auri.
ga’s foot.

Near 10 Orion.

In the Lynx's breast,

N. Preceding ¢ Bull.

8. P. 44 Great Bear,

65 Great Bear.,

N. Preceding 8 Aries.

N. Preceding 39 Aries.

S. Preceding 26 Orion.

In the Lynx's breast.

North of & in the Cup,

North: of 11 Balance.

46 Hercuoles.

S5, Preceding » Serpent.

South of 50 Anriga.

S. Following 36 Lynx.

North of 105 Hercules.

7% or g Ophicchus,

09 or  Ophiuchus.

N. Preceding two stars at
the 5G Andromeda.

S. Preceding 8 A quarius.

N. Preceding o Eagle.

N. Preceding 62 Eagle.

S. Foliowing 33 Swan.

Following 51 Swan.
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Szconp Crass.

11 In the Unicorna left
faot.

Near 11 Serpentarius:

108 Agquarius.

Near 42 Orion.

Near 54 Eagle.

Near 63 Eagle.

56 Dragon.

Near 6 Triangle, follow-
mng e«

32 Eridanus.”

In a cluster of six stars in
the Unicorn’s head.

Largest of three S. Fol-
lowing 15 Bootes.

20 5. Following Procyon.

1° 15 8. P. k Virginis.

40" S8, P. 43 Lion.

54 Virginis.

Near 42 Berenice's Hair.

5. Preceding 16 Auriga.

30’ N. o Pisces.

30 Preceding 40 Perscus.

15' Preced. 12 Cameloli:ard.

30" S. Preceding * Bul
1° 5. Following 4 Whale.
+ 19 N. Preceding 3 Aries.
20 30" Following » Aqua-
rius.

45’ S. Following 56 Whale.

20 §, F. ¢ Aquarius,
3¢’ N. F. £ Great Dog.
30' §. ¥. = Orion.
North of two stars 3 Pe-
gasus.

30" 8. F. g Gemini.

45" N. F. Pollux.

15" %. P. y Dolphin.

N. Preceding # Lyre.

30' N. Following 4 Swan.

1° 15" 5. F. 2 Arrow.

19 15" South of I3 Lynx.

21 Great Bear,

1?2 S, Preceding = Ariea,

2¢¢ 8. Following x Lion.

20" 8. F. d Endanus.

1° Following 49 Endanus.

1° S. Following 31 Bootes.

30’ N. of 22 Andromeda.

10 3¢ N, F. & Serpent.

30" 8. P. 40 Serpent.

South of 29 and 30 Uricorn.

30" §. P. » Serpent.

1° N. P. 12 Unicorn.

1° 45" N, P. 100 Hercules.]

In the buttock of the Ca-
melopard.

15 8. Following s towards)
4 Eagle.

1° 20° N, P. + Andromeda.

20" South of » Eagle.

19 45° N. F. ¢ Eagle, to-
wards + Dolphin.

1230’ N.F. B towards g
Swan.

2¢ N. F. 51 Swan,

20 N. P. 57 towards 42
Camelopard.

30’ S. P. e Orion.

CHAP.
.
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Triap CLASS

1 Little Tome.

12 Lynx. '

34 Cassinpeia.

3 Ship.

Near g Ship.

8 Unicorn.

Over : Hercules.

11 Lagle.

Near 7 and 8 Eagle.

04 Aquarius.

54 Serpentarius.

South of » Perseus.

40 or 2 o Perseus.

Near 87 Hercules,

N. T, & Triangle.

In the left tore-foot of the
Unicorn.

In the Unicorn.

Near 10 Taurus.

In Bootes. Draw a line
through « and 7 to the
small star under theright
fout, and erecting a per-
pendicular towards the
left foot, of equal lengtly,
the end of it will point
out this star.

Following the tip of the
Unicorn’s Ear.

3¢ N. P. r Gemini.

1° 15" N, P. 3 Hydra,

45" N. T, 10 Orion.

2°30" N. F.y Virgin

13 or 2 ¢ Grear Bear.

N. F. 18 or v N. Crown.

45" North of a cluster form.
ed by the 4, 5, 7, § of
the Goose.

Near 19 Perseus.

20 or 2  Perseus.

Between = and + Dragron,
that which is nearest .
30’ 8. F. 65 Sagittarius,
10 South of 58 Persens.

3 or + Hare.

12 8. P. » Aries.

1° 30' N. F. 64 Aquanus.

Preceding the tiara of Ce-
pheus.

45" 5. F. 23 Whale.

45" 8. P. 18 Pegasus.

In the Unicorn’s Cheek,

45" N. F. 3 Oron.

46" 8. F. 5 Aries.

1° 45" S, P. 13 Bull.

40" N. of 1 Whale.

1% 30" Preceding » Whale.

Above 30 from & towards
+ Lyra.

30" N. F. 11 Bull

4% from ? towards + Her-
cules.

3° N. of 103 Bull.”

12 N. I. 62 Arics.

19 N. P. ¢ Cancer.

1° 20° N. P., Hare.

20’ 8. P. » Eridanus, .

In the Unicorn’s Cheek.

2% 14" S, P. 55 Endanas.

1°15 8. P. & Hercules.

2" S F. « Serpent.

20/ Preceding 83 Hercules,

N. Preceding 5 Arrow.

North of the cluster of
stars in Sagittarius.

45" N. ¥, 19 Eagle.

19 20° N. I'. 1y Eagle.

1 5. F. ¥ Swan.

1° 15 N. P. 16 Unicomn,
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Fourti Crass.

In the right Ear of the
Camelopard.

31 Cassiapeia.

Near the variable star o
Whale.

1g Ship.

Near 4, and towards I Bull.

44 Lynx in the Eye or Nose
of the Little Lion.

Near a star Preceding ¢
Eagle.

N. F. ¢ Swan.

Beside » Hercules.

a Eridamus.

5. F. ¢ Bull

4¢" Following 4 towards
#n Orion.

21 Geminl.

3 Lion.

1N, F. £ Vir

30 F.3? towarf 7 Hydra.

8’ 30’ N. F. 41 Lynx.

3° §. F. 42 Berenice’s Hair.

2° 30’ N. P. 36 Derenice’s
Hair.

2 ov3 5. P« Lyra

1® N, F. 4 Great Bear,

a0’ S. P. ¢ towards 4 North
Crown.

2° 30" §. I'. « Hercules.

Within a few minutes of
q Perseus.

Within 10’ of 3 Cassiopeia.

19 45" §, P. ¢4 Cassiopeia,

1* 30" Preceding 23 An-
dromeda.

15" North of 55 Perscus.

Between 2 and 8 Camelo-
pard.

30" N. F.?Bull,

1* i5 N.F. r Ball

1?2 5. P. 13 Whale.

15" N. P. 37 Whale.

1° 15" Preced. » Cephens.
12 45" N. of 3 Great Dog.
45 Following 16 Ceplieus.
1° Preceding ¢ Orion.

‘The vertex of an isosceles tri-

angle, following » Aries.
Near 18 Great Bear.
3° Following s Lyra.
20 N. P, 8 Liyra,
1°,15" N. F. 25 Unicorn.
30° Preceding » Orion.
45" N. P. QAurlga
45" Tollowing 77 Dragon.”
1% N. F. 55 Andromeda.
12 45' N. F. = Great Bear.
45" 8. P, 79 Pegasus.
2v S, of 60 Great Bear.
1°45° N.F. g Bull, the ae-
cond towards 4.
1% N.F. ¥ Cup.
1° 15" N. P. 51 Swan.
1° 3% 8. of ¢ Virgin,
2¢ 30" S. P. ¢ Hercules.
N. F. 83 Pegasus.
1* 15" S. of 42 Eridanus.
30" F. 48 Cancer.
1° 5. P. 68 Virgin.
45" N. F. 82 Pisces.
20 or ¢ Scorpion.
1° N. P. 32 Ophiuchus:
45" 8. P. 4 Ophiuchus.
30" N. P. a Cepheus.
N. F. »or 16 Eagle.
1¢ 20’ 5. P. 4 Andromeda.
1° 30" N. F. » or 99 Pisces.
30" N. F. 46 Eagle.

CHAP,
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X. FieTH CLass.

¢ or 52 Bull.

» or 20 Andromeda.

r ar 2 Auriga,

Following f Orion.

Between » and # Whale,

+ or 20 Qtion.

31 Libra.

Near s Cepheus.

» ar 53 Serpent.

53 Serpentarius, between
2 and A

Next byt oné Preceding 3
Eagle.

kor 15 Eagle.

Near 28 Eagle.

Near that which follows #
Eaple.

v ol £ in the Shield in the
Const. Eagle,

23 Hercules, between » and
 of the Crown.

43 or A DPerseus.

Beside a Lyra.

76 Swan.

S. F. = Swan.

¢ or 16 Swan, next follow-
ing &

¢ or 2 Swan. - -

A little N. of ¢ Pisces.

30 over the Back of Aries.

y or 13 Hare,

N. F. « Arrow.

Second star from , towards
w Gemind,

P or 63 Gemini,

for 22 Hydra,

45" 8. P. 45 or 0 Lion.

81 Lion.

57 Lion.

25 Lion.

1% South of 43 Lion.
45" N. P. p or 63 Gemini. |

1° N. F. Pollux.

7 Little Lion.

3° N. P. 2 Bootes.

3" or 4’ N.P. y Gemini.

N. of 8 or 72 Serpentarius
1° 5. F. s North Crown.

A few minutes N. F. 4 or

43 Sagitrarius.

9 Cassiopeia.

35 Cassiopeia.

15 N.P.» Cassiopeia.

47 Cassiopeia.

26" N. P. ; Andromeda.

3 or4’ N.F.x0ris5 Au-

riga.

¢or37 Auriga.

30" 8. F. s or 31 Aurigw.

30 8. F. 3 Ares.

1° 15" 5. F. 108 Hercules.

45" N. 31 Cepheus.

51 Aquarius,

30" 8. F, v or 59 A quarius)

5G Orion.

40° Preccding » Qrion.

20" 8. P.s Lyra,

30" 8. F.v Awow,

20' 8. F, ¥ Arrowr,
1745 NP o Arrow.

45" N. = Great Dog.
1° 8, F. 42 Great Bear.

Star forming ag isosceles trid
argle with  and , Gemini.
1245° N. P. 1 Aries,

The most northern of three
preceding » Orion.

45" 8. P. 1 Orion.

15 Hydra.
40" 5. P. 44 Bootes.
1° 30" 5, F, g Centaur,

2° N. F. 46 Bootes.
30" 5. P. r Hercules.
45° N. P. 41 Hercules.

LY
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17 30" Followiag ¢ ¥irgin.

1220" N.F. f Virgin.

1730’ N. F, 24 Libra,

Between 2¢ and 30 L.ibra,
but nearest 30.

T

T he smallest and most south-' CH “'»

ern of two, about 20’ asun.i
der, near 4y Camelopard.
40 North of # Eagle.
1° 20" North of x, towards

0 or 31 Swan,
Near 6 Bootes.
v ar 21 Crown,
# or 51 Perscus.
» or 44 Pegasus.

Star between « Dragon'and
the Tail of Great Bear.
1n the Nostril of the Lanx.

3 Casaiopeia.

North of ¢ Eagle.

= or 10 Caprlcorn.

d or 88 Bult.

32 Swan,

4 or 37 Awriga.

13 Ca.meloy:ard, over the
Goat’s Head.

10 Camelopard.

¢ or 46 Dmgon.

e, 64 or 65 Dragon.

¥ or 13 Hare.

67 or 5 y Cancer.

Near +, and towards o An-
dromeda.

35 Eagle.

Near 35 Eagle.

The following star of a tra-
pezium, ncar { Lagle.
Star near the middle of

Mount Menalus.
Between ¢ and £ Bootes.
Btar more 5. than § Boates.
More 5.than o Serpentarius.
2 Cassiopeia, near e.

12 5. P. ¥ Ophiuchus. ¥ Swam
_ Sixtu Crass.

o or 67 Serpentarius. # Lyra.
41 Aries, in the Body of | 70 Swan.

the Fly. 5 Aquarius.
¢ or 39 Capricorn. 28 Swan, near b,
ror g4 Bull Near 2.c Swan.
» or 59 Bull. » or 8 Pisces.

Near the star N. F, ; Arrow.
Near + Eridanus.

3¢Y 5. F. » Orion. )
ror 31 Hydra.

Near 68 Orion.

v or, 27 Gemini.

51 Gemini.

« or 4 Cancer.

~or 3 Virgin.

30’ Following Z Cancer.
63 Licn,

27 Virgin.

31 Unicorn.

A few minutes 8.F. 1 Oriok.
27 Hydra,

1 ror 5l Cancer,
Following 6 Bootes.

3" or 4’ N. of 4 Gemini.
20" N. of g Capricorn.

2 vor 71 Aguarius.

1 30’ 8. T. 46 Bull,

12 45" N, F. . Cepheus.

¢ or 30 Bootes.

1215 8. P. 31 Unicorn.
30N. P. ¢« Hydra

22 or 28 Cancer.

Near ¢ Whale.

30’ S. P. 6g Orion.

2¢ 30" 5. F. 21 Cup,

1¥ 15" N. P. 12 Libra.

12 15" 5. P. « Pisces, 1
1° 8. F. 43 Sugittarivs.

*

Vo, 11,

Eo
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6. On Treble, Quadruple, Quintuple, and M-

tiple Systems of Stars.

Dr. Herschel, with his usual ingenuity, has
pointed out 2 variety of combinations, in which
treble, quadruple, &c. stars may revolve round
their common centres of gravity, but the limits,
as well as the popular nature of this work, will
not permit us to lay them before our readers.
Several of these combinations are represented in

* Plate V1, Sup. Fig. 8,4, 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; asto be peculiarly deserving of no-
tice. et us suppose two equal stars moving in a
circular orbit round their common centre of gra-
vity, which will be the centre of the circle.
From the centre of the circle draw 2 line per-
pendicular to the plane of their orbit, extend-
ing to equal distances above and below this
centre. Let us now suppose a third star to fall
from one extremity of this perpendicular, from
a state of rest, it will obviously descead with a
gradually accelerated motion, till it reaches the
centre of gravity ; and passing onwards, with a
motion gradually retarded, it will move to the
other end of the perpendicular, where it will

~arrive at a state of rest, and again return, and
" continue to oscillate between these two points,

The two stars which move in a circular orbit
may describe equal ellipses of any degree of
excentricity, - 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.
The following catalogue of treble, quadruple,
. quintuple, sextuple, and multiple stars, is selected

—— e —— e
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from the two catalogues of double stars given ey,
by Dr. Herschel. o
hy—_.}

Catalogue of Treble, tc. Stars.

s or 1T North Crown,

The two nearest of this treble star, are ra.
ther unequal in magnitude, and both white,
The third, with a powerbelow 460, isvery faint, -
and dusky in colour, The distance between”
the two nearest with a power of 227, is 12
the diameter of the larger, and with a power
of 460, twice the diameter of the larger., Po-
sition 77° 82’ N. P, Distance of the third
from the largest, 24’/. Position 25° N, F,

12 Lynx, below the Eye,

The two nearest of this curious treble star.
ave pretty 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 firstand third are considerably un.
equal ; the second and third pretty unequal;
the colour of the third being pale red, and its
distance from the first 97 29’7, Position with.
regard to the first 82° 38’ N, P,

. 11 Unicorn in the Left Forefoor,

This treble star may appear double at first
sight ; but with a little attention one of the
stars till appear double. The first or single
star is the largest. The other two are small-
er, and nearly equal, the preceding one being
rather larger, and they are both white. The
distance between the two nearest, with a power
of 227, is 1 diameter of the preceding, or 14 the
diameter of the following star.  Position of the’
two nearest 11° 828, F. Dr. Herschel consi-

) Ee2 '
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cHap. ders this star as the most beautiful sight in the

% whole heavens.

Near 37 E;arg!e, the tast of a Telescopic trifoli-
um N, F. k.. :

The two nearest are very unequal, ‘T'he
third star is not visible with a power of 227
With a power of 460, the distance between
the two nearest is only £ the diameter of the
Jarger one. The distance of the farthest is a-
bout 7/ or 8. '

{ or 18 Cancer.

This very minute treble star requires very

favourable circumstances to be distinctly seen.

- The two stars of which the preceding one
consists, are considerably unequal. The larg-
est 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 une-
qual, and the second and third pretty unequal
T'he two nearestare pale red : they are just sepa-
rated with a power of 278, and with 460, their
.distance is 1 the diameter of the smaller one.
Position 86° 32’ N. F. See{ Cancer in the
third class of double stars,

90 Lion.

~ The two ncarest are very unequal. The
largest is white, and the smallest reddish white.
With 278, their distance is 12 the diameter
of the largest. Position 61° 9/ S. P. The
two farthest are very unequal; the smaller be-
ing dusky red. Distance from the largest
537 4377, Dosition 35° 12" 8. P.
Lor 51 Libra.

This star appears at first double, but the
larger of the two will be found to consist of
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two stars. They are nearly unequal, and both cram
white. With 460, their distance is + the dia-
meter of the larger. Position 82° 2° N. F.
Sce second class of double stars under & Libra.,

X.
S, b

AAbout 13 N. F. v Aguarius, in & line parallel
to B and « Aquarius.

The two nearest are very unequal. The
Targest is reddish white, and the smallest pale
red. With 460, their distance is about 1 dia-
meter of the largest. Position 82° 27 N. P,
The two farthest are very unequal. The
smallest is pale red. Distance with 227 17
22/ 42", Position 85° 51’ N, F.

Preceding 10 and 67 Orion..

In a spot which appears nebulous in Dr.
Herschel’s finder, about 50’ fram the g7th,
and 45’ frorn the 70th Orion, there is a mul-
tiple star consisting of 12 stars, with a power
of 460, and one of these is a double one.
The two are considerably unequal; their dis-
qnce is 1 diameter of the larger one, Pusi-
%lon 19° 48’ 8, F, '

x or 42 Aries, in the Hom.

The three stars which are all in a line are.
excessively unequal. The largest is white,
and the two smallest are mere points. With
460 the distance of the two nearest is 1% the
diameter of the largest star, The third is a-
hout 25 or 26’/ from the largest.  osition 19*
19/ S. I, .

12° N. F. » Swan, in a line parallel to £ and »,

The two nearest are considerally unequal,
and both pale red. - With 460, their distance
3 1 diameter of the small star, or 4 that of the
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CHAP. large one. Position 89> 18’ S. F. The two
X. _farthest are considerably unequal, and red.
Position 56° 3’ N. P.

e, or 4 or 5 Libra.

This is a remarkable double double star, or
a double star, each star being itself a double
star. The first set consists of stars that are
considerably unequal. The largest is very
white, and the smallest reddish. Their dis-
tance with 2277 is 1 diameter of the larger ope.
Position 56° 0/ N. F. The second set are
white and equal, the preceding being rather
the largest. Their distance with 227 is 1% the
diameter of either. Position 72° 57 S. F.

s, ar 48 Orion,

This is a double treble star, or twd sets of
treble stars, almost similarly situated. The
two nearest of the preceding set are equal; the
third larger, and pretty unequal when com-
pared with the latter two. With a power of
222, the distance of the two nearest is 2 di-
ameters of either, Positions of the following
star of the two nearest wth the third 66° 35,
5. P. Position of the two nearest 2 or 3° N.
F. or S. P. the following set. The two near-
est of the following set are very unequal.
The largest of the two, and the farthest, are
Gonsiderably unequal, the largest being white,
and the smallest bluish. With 2 power of
222, their distance is about 2§ diameter of the
largest. The distance of the two farthest is
48" 12"/, Position of the two nearest 5° &
113. fF" Position of the two farthest 29° 4
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About 2% following » Aquarius, in a line pa-
rallel to o and »,

The nearest are a little unequal, and both
red. Their distance with a power of 4860, is
2% diameters of the largest. Position 25° 517
S. P. The two farthest are a little unequal,
and of the 5th class. Position about 50 or
55°S. F. '

13° 5. F. x Orion in aline parallel to ¢, and «

Orion, the smallest and most Southern of three
Jorming an arch.

The two nearest are extremely unequal.
The largest 1s 2 dusky white, and the smallest
a mere point, Their distance with 227, is 11
the diameter of the larger. Position 4° 54/
N. F. The two farthest are extremely un-
equal. The smallest is 2 mere point. Posi-
tion about 50 S. F,

2 preceding the 24 and 4th of the Ship ; the
middle one of three.

This is a multiple star, one of them being
double. The two are nearly equal, and white
or ash coloured. Their distance with 227, is

CHAP.
X,
Nttt

about 27 diameters. Position 30° 12’ N. P.

Twenty other stars are in view.

2y 8. F. p Lyra.

The two nearest are a little unequal, and
both dusky red. Their distance with 460’ is
g diameters, Position 8° 24’ N. F. The far-
thest is as large as the largest of the two near-
est, and its colour is dusky red, Position with
the largest 25° 57 8. P. Distance of p Lyra
from the two nearest 2’ 177 30’7, Position
65° 12/, p being N. P. or the double star S. F,
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8. of 58 Auriga,in aline parallel to p and 8.

CH&P This is a cluster of stars containing a dou-
2 ble star of the 2d class, and one of the 8d.
The two of the second are very unequal and
both red. Their distance with 460, is 25 di-
ameters of the larger. Position 44° 86’ N. F.
Those of the 34 class are equal, and both red.
Above 20 stars are in view with 227, Dis.

tance 177 41777,

1° N. P. v Cup, towards « Lion.

The two nearest are equal, and both dusky
white. Their distance with 227, 1s about 3
diameters. Position 71° 38 N. ¥. The far-
thest is larger than either of the other two,
and of the 6th class. Position about 68 or
89° S. P, the double star,

Star making almost an Equilateral Triangle
with the 29th and 80th Unicorn towards the
South,

Among many, the fourth from the south,
and of an irregular 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° 127 8. ¥. Sixteen
other stars are in view.

Star twice as far South of 2 Arrow, a5 z and
the Star near it are from each other.

The two nearest are very unequal, and both
ved. Their distance with 227, is about 8 di-
ameters of the larger. Position about 40 or
50° N. P, -

A large Star 1° preceding {, towards 41 Swan.
The two nearest are extremely unequgh

-
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The largest is white, and the smallest pale
red, Their distance with 460, is 24 diame-
ters of the Jargest, Position 45° 15 N. P.
The third and the largest are extremely un-
equal, and belong to the 5th or 6th class.
Position about 50° S. P,

" Vor 41 Orion, the Ymall Telescopic Trapexium
in the Nebula,

' The stars composing this quadruple star are
considerably unequal. The most southern
star of the following side of the trapezium is
the largest ; the star in the opposite corner i3
the smallest, the other two being nearly equal.
‘The largest is pale red ; the star preceding the
largest inclined to garnet ; the star followin
the dargest inclined to garnet ; and the star op-
posite to the largest dusky. Ihstance of the
two stars in the preceding side 8/, 78; in the
southern side 1277, 84; in the following side
15", 21, and in the northerp side 207. 4.

44 Orion preceding the 1wo /s

The preceding set of this double-treble stax
consists of three equal stars, fprming a trian-
gle, and are all dusky. The distance of the
two nearest with 227, is about 8 diameters.
The following set consists of three stars of dif-
ferent sizes forming a circle. The middle
star i the largest; the one to the south is
pretty large, and the third is very small, The
two largest are white, and the smallest pale
red, Distance 86", 25, '

Sor 17 Arrow.

The two nearest of this treble star are ex.
gomely unequal, The largest is pale sed,

CHAB.
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CHAP. the smallest dusky, and the third pale red.
\,.,_::_JDIStan.CC of the two nearest 11” 8/, Dis.
tance of the two largest 1V 77 48/,

8. P. 1,0 Perseus.

The equal set of this double double star are
about 4 or 5 diameters distant with 2273 and
the unequal set about 5 or 6 diameters.

8, 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'/ 87,
and their position 69° 18’ N, P. See 6th class
of double stars.

12 preceding the Tiara of Cepheus in a line
parallel to s and 2.

The two nearest are very unequal, the larg.
ev being white, and the smaller dusky blue,
Their distance is 11’/ 357/, and their positien
85° 24/ S. F. The two farthest are considera-
bly unequal, the smaller being dusky blue.
Their distance is 18’/ 37"/, and their position
18° 57 N. P

15° N. of 159 Great Bear in a line paraHeI to
¥ and 8.

The two nearest are considerably unequal,
and their light red, Their distance is 127
80’/ and their position 0-—0 preceding. The
two farthest are very unequal, and the small.
est dusky red. Their distance i 1s 82”21/, and
their position 4° 0 N, F,

¥ N, P, 17 Swan in a line paralielto « and «.
The two nearest of this quadruple star are
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extremely unequal, the largest being red, and cuaw.
the smallest dusky. Their distance with 625, _*
is 18 54/, and their position &7° 86/ .. ¥, -
The two largest are nearly equal, aad both

red. Their distance with 278, is 257 587,

-and their position 40° 83’ N. F.

S, P. 27 Swan, the middle of three, the most
Southern of which is the 27.

This star is quadruple and sextuple. In
the quadruple, or N. P. set, the two nearest
are very unequal, Their distance with 278,
is 1177 16", and their position 26° N. P. T'he
two largest are almost equal, and both red. -
Distance with 278, 297 27”7, Fosition 57°
12’ N. F. In the sextuple, or S, T. set, tne
" two largest are pretty unequal, and both red.
Their distance with 278, is 197 207, and
their position 27° 36’ S, F. The other stars
are as small as the smallest of the quadruple set.

46, or 8. v Jwan.

The stars which compose this treble star
are very unequal, and extremely unequal,
The colour of the largest is fine garnet, that
of the next largest red, and that of the small-
" est dusky. Position of the two brightest 44°
19 N. P. They are all within 30",

Near 27 Cepheus, near 3.

The distance of the two nearest of this tre-
ble star is about 2077,

The 15t of 2 Stars preceding v in zbe qule.

The distance of the two nearest is 217/
597,
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¥ N. P. H Gemini in a line parallel to the 65
Orion, and { Taurus, the middle one of three.

CHAP The stars of this quintuple star are in the
‘i form of a cross. The two nearest, or the pre-
ceding of the five, are extremely unequai. Dis
tance 20 57/, Position 7° 277 8. P. There
18 @ very obscure star of the third classnear the
last of the three, in the obscure star of the
cross, Other five stars are dispersed about
the quintuple one,

The last Star of the Lizard.

The two nearest are extremely unequal, the
larger being reddish white, and the smaller*
dusky, Their distance is 20" 27/, and their
position 79° 3% N. P, The next are very:
unequal, the smaller being red. Distance
5¢'7 §777,- Position 44° 94/ N, F.

8. Lizard in the middle of the Tail.

The two largest and nearest of this quadru-

ple star are a little unequal, and both reddish

. white. Their distance 15 17" 14’7, and their

position 84° 30’ S. P. The two next are very

unequal, and of the fourth class; and the

other two considerably unequal, and of the
#th class,

Between 8 and { Dolphin, but nearer to B.

All the three stars are whitish red, and
nearly equal. Distance of the two nearest
with 278, 217 83’7, Position 18° 27 N. P.

About 2% preceding, 25 Unicorn,

. This quadruple star consists of two large
sgaas that can always be seen, apd of other -
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two that are visible only in dark nights. The cmap.
nearest are extremely unequal, and their dis. X
tance 207 27,

Of a Trapezium in the Arrow, consisting of this
Treble Star, ¥, { and 9, it is the Star opposite
to { and nearest to { of two,

The two nearest are very unequal, the larg.
est being pale red, and the smallest dusky
‘blue. Their distance is 217 22"/ apd their
position 0° ¥. The two largest are a little
unequal, and of the &th class. Position 10°
86’ S. P.

x or 18 Arrow, the largest of three.

The two nearest are equal and red. Théir
distance is 28/ 2"/, and their position is 10°
12’ S.P. The third isa large star, about 1
minute distant, having a position of 10° or 15°
N, P. the other two.

Bor 10 Lyra.

The stars of this quadruple star are afl
white, the 2d, Bd, and 4th inclining to red.
The Ist and 2d are considerably unequal.
The 1st and 3d very unequal, and the Istand
4th very unequal. Distance of the first and
‘second, 48 577, Position 60° 28’ S, F.

& or 18 Sagittarius,
Distance of the nearest about 307,
A Spot over the right Forefoot of the Unicore,

This spot contaigs -t or 5 small stars withig
one minute,
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CHAP,
X.
Y

A or 16 Auriga.

Two of this multiple star are within 80’7,

v or 18 Grown.

" The stars of this treble star are very une-
qua! ‘The largest is white, and the two
smallest both red. Distance of the nearest
507,

69 Swan.

The stars of this treble star are very une-
qual. The largest is white, and the two
smallest both reddish.

A small Star near the place of 12 Gemini.,

The two nearest are a little unequal, and
distant about 1 minute. : '

1° N, F.9 Orion, towards 118 Taurus, the lary-
est of two.

The two tearsst are considerably unequal,
and reddish white., Their distance with 278,
is 86”7 26’7, and their position 33° 36, The
two farthest are very unequal. ‘The smallest
being red, and belonging to the 9th class,

1% or 2 = Great Dog.

The three stars form a right angled triangle,
the hypothenuse of which contains the Jargest
and smallest. ‘The two nearest are very une-
qual, the largest being reddish white, and the,
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smallest red. Their distance is 44" 52, and CHAP.
their position 84° 12’ S, ¥. The two farthest;__y.__,
are very unequal, the smallest being red, and
belonging to the 5th class. Posttion about

85° S. P.

One of two Stars N. P. the 15th, in a line
parallel to the 84¢th and 59th Lion,

The two nearest are very unequalf: their
distance 1s 54" 877/, 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 8. F,

1¢ S, P, the 11 Orion, towards « Taurus.

The two nearest are censiderably unequal,
the largest being white, and the smallest pale
red. Distance 87" 51". Position 38° 54’
N. P. The third is farther off, smaller, red,
and N. F.

41 Aries,

The two nearest are excessively unequal.
The largest is white, and the smallest is faint.
Their distance with 278, is 39" 207, and
their position 80° 48, S, P.

r. or 8 Lyra.

The stars are extremely unequal, the larg-
est being white, and the other two dusky.
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Distance of the following star, 56" 47", Po-
sition 28° 27/ S. F.

x Persens,

Dr. Herschel counted no fewer than forty
stars within his small field of view.

d, or 4 Cassiopeia.

The dist ,~ce of the twelarge ones is about 27,
and that of the 8d, which is obscure, 13, The

- three form pearly a right angled triangle,

B, or.8 Gemini.

The stars of this multiple star are extreme-
ly unequal. The nearest distance is 1/ 56-
&5". Position 24° 28, N. F. The next
distance 1s 8’ 17" 19’”, and the position 152
56" N. F.

Star preceding b Pisces.

"The stars form a triangle, each side of whiclk
s about 1 minute.

- In the Unicorn’s Head.

This multiple star consists of one star, with
about 12 around it.

o or 10 Gemint.

The distance of the nearest is a little more

than 1 minuge, and that of the farthest not
®uch magre.
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14 Great Dog,

The nearest are extremely unequal, the CHAP.
largest being reddish white, and the smallest;...f‘_.,
dusky. Their distance 18 1’ §” 28/, and -
their position 26° 24’ N, F, -

{, or 44 Perseus.

The nearest are extremely unequal, the
largest being white, and the sizallest red.
Their distance is 17 117 267/, and their posi-
tion 66° 88’ 5. P. The farthest are very un.,
equal, the smallest being red, and about 1z
distant, Position 70° or 75° S, P.

3 or 88 Taurus.

This star has other twoin view. The near-
est are excessively unequal, the largest being
white, and the smallest dusky, Their dis.
tance with 278 is 1/ 8/ 18/ and their posi-
tion 85° 24’ 8. P. The farthest are extreme.
ly unequal, the smallest being red, and about
1% distant. Position 50° N, P.

«, or 30 Hydra.

. This star has two within about 2. The
nearest are excessively unequal, and the far-
thest extremely unequal, Both 5. F,

Vel. 1. : Ff
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7. On Clustering Stars and the Milky Way.

By examining the stars that are scattered

._..f:__,ovcr the milky way, it will appear that they

On the
Milky
Way.

are unequally dispersed, and that they cluster
together into many separate allotments. In
the space, for example, betwen 8 and y 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 frgm observation, that the
space in question, taking an average breadth
of about 3¢ 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 near
their undefined borders,

The milky way is a luminous zone which
makes a complete circle in the heavens. It
traverses the constellations Cassiopeia, Perseus,
Auriga, the east arm of Arjes, the feet of Ge-
mini, a- part of the Great Dog, the middle
of the Ship, where it is most luminous, the Cen-
taur, the Cross, the southern Triangle, the Al-
tar, the tail of Scorpio, the bow of Sagittarius,
a part of Ophiuchus, where it separates into
two branches, and again unites, the shield of
Sobieski, the tail of the Serpent, the Eagle,
the Arrow, the Fox and Goose, the Swan, and
the head of Cepheus.

Dr. Herschel has found, from numerous ob-
servations, that the brightness of the Milky
Way is owing solely to small stars; and that
the compression of the stars increases in pro-
portion to the brightness of the Milky Way.

In order to account for this singular zone
of stas, Dr. Herschel supposes, that the Milky
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Way is a large nebula, in the inside of which cn4p.
_the Sun is placed, but not in the centre of its * X
thickness. The Milky Way, therefore, ac-
cording to this hypothesis, is the projection of

the nebula upon the concave surface of the sky,

as seen from a point within it. Thus, if the;{;";i"'
solar system be supposed at S, in the middlesr —
of the nebula 4 6 ¢ d ¢ f, with two branch-

es ac, bc, the nebula will be projected into a
circle A B C D, the arches ABC, AEC being"

the projection of the branclies, ac, b¢.

In order to ascertain the place which the

Sun occupies in this nebula, and the form of

the nebula itself, Dr. Herschel has put in
practice a method which he calls gauging the
beavens, and which consists in repeatedly
counting the number of stars in ten fields of
view very near each other. By adding the
numbers of stars in each field, and cutting off

a decimal, he obtains a mean of the number of
stars in that part of the heavens. Dr. Her-
schel then supposes, that the stars are equally
scattered ; and from the number of stars in
any part of the heavens, he deduces the
length of his wisual ray, or the distance
through which his telescope has penetrated,

or, what is the same thing, the distance of
the remotest stars in that particular portion

of the heavens.” In order to understand
this, let us suppose, that the Milky Way is a
nebula, 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 where the stars

are most numerous, must extend farthest from

the solar system, and vice versa. Proceeding

in this way, Dr. Herschel has found the length
‘ Ffg )
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CHAP. of his visual ray for different parts of the
‘___’5.'..._ heavens, which, in some cases, 18 equal tc 497
times, the distance of the nearest fixed star, and
Piate ¥+ he has delineated the section of the nebula
2% forming the Milky Way, asrepresented in Fig. 7,
° Plate V. This section makes an angle of 85°
with our equator, crossing it in 124% and
804+ degrees of R. ascension, The horizon of
a celestial globe, rectified to the latitude of 55°
N. and having « Ceti on the meridian, will re-
present the plane of this section. If the solar
system is at S, the brightness of the Milky
Way will be greatest in the directions S «,S 4,
S p, where the stars that intervene are most
numerous, or where the visual ray is longest.
In the lateral directions S m, S #, the nebu-
losity will not appear from the small inumber
" of interposing stars ; and in the direction S,
on account of the opening between 4 and J,
there will be an empty space contained be-
tween these two branches, where the nebulo.
sity is not observed, as is the case in the Milky
Way between g Scorpio, in the south, and »
Cygni, in the north, a length of about 102 de-
grees. The circle in Fig. 7 described round
S, is at 40 times the distance of the nearest
fixed stars, and probably comprehends all those
. that are visible to the naked eye,

. Dr. Herschel, therefore, considers the milky
way as a very extensive branching congeries of
many millions of stars, which probably owes
its origin to several remarkable large, as well
as pretty closely scattered small stars, that
may have drawn together the rest. He sup-
poses, that there are many parts of the Milky
Way where the stars are drawing towards se-
condary centres, and may in time separate
mito different clusters.  Some parts of the
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Milky Way, he imagines, have suffered greater
ravages than others, aud. particularly that
part of it in the body of Scorpio, where there
1s a large opening or hole, about 4 degrees
broad, and almost destitute of stars: The stars
which once filled this vacancy, he supposes
to have formed the 8th nebula in the Con-
noisance des temps, which is a rich cluster of
- small stars, and is just upon the western bor-
der of the opening:

Inlooking out at the sides of the nebula of the
Milky Way towards Leo, Virgo, and Berenice’s
hair, on the one side, and towards Cetus, on
the other, where the intervening stars are very
few, Dr. Herschel observed a remarkable pu-
rity or clearness in the heavens ; whereas the
ground of the heavens became troubled to-
wards the length or height of the nebula.
The troubled parts arise from some distant
straggling stars, which can scarcely be distin-
guished, but which Dr. Herschel has discover-
ed after long examination. -

There are several other nebule in the hea-
vens as large as that of the Milky Way, and
which will, therefore, exhibit the phenomenon
of a lucid zone to the planetary worlds that
may be placed within them.

8. On Groups of Stars.

Groups of stars succeed to clustering stars
in Dr. Herschel’s arrangement, A groupisacol-
lection of stars closely,and almost equally,com-
pressed, and of any figure or outline. There is
no particular condensation of the stars to indi-
cate the existence of a central force, and the
groups are sufficiently separated from neigh-
bouring stars to shew, that they form peculiar
systems of their own.

CHAP,
X.
A
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9. On Glusters of Stars.

Dr. Herschel regards clusters of stars as the
most magnificent objects in the heavens.
They differ from groups in their beautiful and
artificial arrangement. Their form is gener.
ally round, and their condensation is such as
to produce 2 mottled lustre, somewhat resem-
bling a nucleus. The whole appearance of a
cluster indicates the existence of a central
force residing either in a central body, orin
the centre of gravity of the whole system.

The following catalogue, collected from Dr.
Herschel's papers, contains the position of 109
clusters of stars, divided into two tlasses. The
Jfirst column contains the number of the clus-
ter ; the second, the star near which it is pla-
ced ; the third, its distance preceding or fol-
lowing that star ; and the fourth, its distance
north or south of the star; and the jfifth, its
magnitude in minutes. Thus, the Ist cluster
in the catalogue is near p Gemini. Its right
ascension is 10 greater, or it follows the star
at the distance of 10 minutes in time ; and
its declination is 12’ north of the star.
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Catalogue of Clusters of Stars, from the Ob-
: servations of Dr, Herschel:
L, Compressed and Rich Clusters of Stars.

) Dif. of R

p [Stars by which|{ Asc.in time| Difference Diamet
B the clusters may betweea the| in declina~ | 270 er
3 |be found. cluster and| tion. i punutes,
% the atar.

1|z Gemin. 10 ¢ Fio12 N 12
2ty Gemin, 27 10 F.[2 8 B. 5
3|12 Monacer. 11 80 F.i0 18 S.

4 |4 Sextant, & % Fi0 5 S

512 Gem, 831 o P00 15 8. 7
6 |67 Gemin, 18 o0 P.|]1 57 S.

7142 Com. Ber:- | 8 SO F.|0 8 N, 10
8 ix Virg. 2% 44 F.|[0 6 S, 8
8111 Bootes. 418 F.|1 7 N 6
10| Antares 148 PO 24 N,

11 |89 Ophiuchi 13 24 P.JO 26 S.

12 [43 Ophiuchi 12 42 P.|1 96 N.

18 |y Sagittee 14 48 Pj0O 18 N. 5
14 |9 Vulpee, 4 0PI0S83 N 4¢bye
15134 « Sagittz 6 54 P.i0 27 N
16112 » Sagittae - 4 18 P.|1 82 5.

17142 : w Gem. 5% 53 P[0 25 &S. +
18 (11 Monocer. 27 15 F.|0 2 S. 8
19i%4 1. Libr= 5 OF.[l 16 8. 6
20118 «Pisc. Aast. {133 24 F.{0 28 N. 8
21125 Gemin. 215 F.|115 S &
22151 Moauccer. 30 4 P11 20 N 11
23 |46 » Sagitt. 49 15 P.l0 42 8. 15
24158 » Cygni 15 56 F.[1 18 N.i Gby4
2527 » Persei 5 55 F.12 25 N. 7
926 153 4 Persel 13 34 F.l1 18 S. 4
27 |22 Monocer. 20 9 P.{D 51 N. 20
28175 | Leonis 21 256 F.il 4 N,
2913 Lacerte 75 P2 7N

3017 ¢ Camiop. 3 10 F.j0 46 5.

31137 yCamiop. | 1948 F.J1 2 N, 15
32{80 1 « Cygni | 11 26 P.j0 28 N. 8

CHAP.
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CHAP. "3377 , Perser T 7 F.10 22 8.
w1847 x Persei 4 OF.i09% S.| 30
85 | 15 = Cassiop, 122 P.|1 26 S. 1
86 | 6 Navis 845 P.[1 55 8.1 8by2
37|26 Hydrz 73 50 P.|1 O N. 5
38 50 ¥ Aquile 14 50 P., 1 18 8.
39 | { Pixidis Naut. 20 39 P.I0 19 S.
40158y Serpent. {48 17 P.JO0 2 N.] &
411 85 Draconis 22 6 P.11 7 8, 3
42 | 8 w Cepheus 1326 P.11 6 8.1 8
IL. Prevty muck compressed Clusters of Large or Small
Stars,
1§90 1 ¢ Taur. 1t 0 F. |1 3¢ 5. ii
2| 8 Monocer, 8 17 F.;02% N.
318 Leporis 72 80 P.10 30 8.
4] 15 2y Orion 3 6F.|110 N.{ 22
5113 Moanocer. 315 P.{0%8 S
6 ; 50 Gemin. 355 F.{2 9 8.
719 p Segit. 15 54 F.|0 & S.
R4l Cygni 542 F.i2 1 8. 20
9112 Vulpec. 0 5§P.i030 N
107 Navis 55 F.i0 40 N, i5
11 {19 Navis 040 P.jo 5 N. 20
12§ 6 Navis 31 59 P.11 25 N. 30
1312 4 Cania 710 P.10O 44 S. 15
14 { 18 » Canis 8 17F. {02 N. 20
15126 Canis 122 F.i1 52 N.
is —— 15 F.|016 N. 20
17 — 62 F.l1 1 N.
. 18112 Vulpes, 7 56 P10 44 N.

. 19| 2! Aguile 549 P.i1 55 N, is
20 | 7 Monocer. 1 3F.i035 N. 11
21 | 109 » Tauri, 14 59 P.i1 87 N, '

22 | 13 Monocer. 246 F.|0 21 N.

231 %1 n Canis 32 6TF.]0589 8.

24 | 60 Orion 5 9B |0 9 8. 7

25 | 8 Monocer, 11 46 P.j0 48 N. 4
-1 26 | 6 Monocer. 8539 F. 11 7T N,

27111 — 4213 F.{1 21 S.|o9bys

28 | 2 Navis 823 P.j0 47 N. is

291 5 4 Scorp, 714 P10 88 N.|{6by4

30; 14 Sagittar. 13 P.ij0 9 N. 15

31 129 F.10 25 &. 2
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10. Of Nebule.

CHAP. According to Dr. Herschel, nebule may,
x. perhaps, be resolved into the three last-men-
tioned classes. Collections of clustering stars,
when removed to a sufficient distance, may
have the appearance of 2 nebula of any shape,
and will seem to be gradually brighter in the
middle. Groups of stars may also, at a great
distance, resemble nebulez; and clusters of
stars that cannot be resolved by the most
powerful telescopes, will appear like round
nebula:, increasing in brightness towards the
centre. '

Mr. Michell hasshown, from the computation
.of probabilities, that it is many million million
chances to one, that the stars which appearto
form double stars, 8&c. clusters and nebule in
the heavens, are really collected together into
separate systems. In the case of the Pleiades,
‘for example, he computes that it is 500,000 to
1, that no six stars out of the number of those
that are equal to the faintest of them in
splendour, scattered at random in the whole
heavens, should be within so small a distance
from each other as the Pleiades are.

A similar opinion was maintained by Pro-
fessor Kant and M. Lambert, who supposed,
that all the stars in the universe are collected
into nebule ; and that all the insulated or scat-
tered stars which appear in the heavens, be-
long to the particular nebula in which our
system 1s placed. We are indebted, however,
solely to the genius and industry of Dr. Her-
schel, tor perfecting these sagacious views, and
supporting them by a bedy of evidence a-
mounting nearly to demonstration, He has
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ebserved the position, magnitude, and struc-
ture of no fewer than 2,500 nebule. He ge-
nerally detected them in certain directions, ra-
ther than in others; and in many parts of the
heavens there were vacant spaces, both pre-
ceding and following the nebulous strata.
Dr. Herschel supposes the nebula in Cancer,
and that of Coma Berenices, to belong to two

strata which are nearest zhe nebula of the

Milky Way.

The following catalogue of nebule is found-
ed chiefly on the observations of Messier, as
given in the Connoisance des Temps in 1784,
the more recent cbservations of Dr. Herschel
being always added. The firss column con-
tzins the number of the nebula, and the time
when the observation was made ; the second
and third, its right ascension and declination
for that time, which are more convenient
than their longitude and latitude for finding
them on a celestial globe. The foursh, its di-
ameter in degrees and minutes ; and the /ast,
some general remarks on its appearance. All
the nebule in this class may be seen with
good telescopes of a moderate size.

X.
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Catalogue of 103 Nebule, the Positions of which
bave been determined by Messier.

CHAT. | No.and ¢ e Nobaie, lzien }
X. year Position of the Nebelz. |Right Ascen, .
Sy et | whett in Degrees. Declination.
chserved.
H

1758, [Above the Bull’s south]
ern horn, west of 4, | 80 0 3321 45 27. N.
2.
1760. {In the liead of Aqua
rius, near the 24th

star, 320 17 0,1 47 6. 8.
a.
1764, {Betweern Arcturus and
Cor Caroli, 202 51 1929 82 57.N.
4. [Near Antares, 242 16 5625 55 40. 8. ‘
5. |Near 6. Serpent, 226 39 4] 2 57 16. N.
6. |Between the bow off

Sagittarius and the
tzil of Scorpio, 261 10 3982 10 84. S.
7. [Near the preceding, [264 30 2434 40 84. S.
8, (Between the bow of Sa-|
gittarius, and the R, ¢
foot of Ophiuchus, [267 29 8024 21 10, S.
9. fIn the right leg of

Ophiuchus, 256 20 36/i8 13 26, S.
10, |In the girdle near 303

Ophivchus, - 251 12 6/ 3 42 18. S.
11. |Near K. Antinous, 273 35 4316 31 1. 8.

12.
Between the arm and

the left side of O- .
13, | phiachus, 248 43 10} 2 30 28, S.
in the girdle of Her-

cules between € stars l
14. of the 8th mag. 248 18 48136 54 44, N,
In the drapery over the|

R.armof Ophiuchus,|261 18 29 3 5 45, S.
15. Between the head of
Pegesus, and that of] - ‘
the Little Horse, [319 40 1910 40 3. N.
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Catalogue of 108 Nebule, the Pouitions of which
have been determined by Messier.

1 CHAP. -

Diame- General Remarks, _ e
ter.

A whitish light elongated like the flame of a ta-
per. 1t exhibited a mottled nebulosity to
Dr. Herschel.

4 | It is Like the nucleus of a Comet, surrounded with -

a large rcund nebula, Dr. H. resolved it ia.

to stara.

8’ 1 It is round, bright in the centre, and fades away N
gradually, It exhibited a mottled nebulosity
to Dr. K. :
211 A mass of small stars. .
% | A reund nebula. Resolved inte stars by Dr. H.
15 ] A mass of smali stars,

30 | A mass of small stars,

30 | An elongated mass of stars, Near this mass is
the 9 of .Sagittarius, which is encircled with a
faint light.

Round aud fairt ; but resslved by Dr, H. iote

8 stars. i

A fine and round nebula. Resclved into stars by

4 Dr. H. ) _

A mass of many small stars mixed with a faint

¥ light,

Round and faint. Near it is a star of the Sth

¥ mag, Resolved by Dr. H. into stars,

¢ | Round and bright in the middle. Resolved by

Dir. H, into stars.

rid -

Roupd and faint. Near a star of the 9th mag.
Resolved into stars by Dr, H,

2’ i Round acd bright ic the centre. Resolved iato

stars by Dr. H,

»
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CHAP. 1764. ; ' :
16, (Near the Serpent’stail 271 15 313 51 44, N.
17. [Nerth of the bow of
Sagittarius, 271 45 4816 14 44, S,
18, . |Above the preceding, 271 84 317 1% 14. 8.
19. [Between Scorpio and -
the R. foot of Ophi..

uchus, 952 1 4525 54 48, S,
20, |Between the bow of

Sagitt. aod the Rn

foot of Ophiuchus, 26T 4 522 59 10. S.
21. {Near 11 Sagittarive, (267 81 3522 31 45 8.
22. {Near 25 Sagittarius, [975 28 8924 6 11. S,
28. jNear 65 Ophiuchus, [265 42 5018 45 535, S.

24. [Near the eod of the
bow of Sagittariusin
.1 the Milky Way, 270 26 018 26 0. S.
25, {Near the preceding,
vear 21 Sagittaniwe, (974 25 019 5 0. 8.
26. |Near n and ¢ Antinous,|278 & 25 9 98 4. S,

27. {Near 14 of the ¥Fox, [207 21 '415'29 4 O, N.

28. A degree from » Sagit1272 29 3024 57 11. S.
tarius .
29, |Below 5 Cygoi, 803 5& 29187 11 57.N.

30. {Near 41 Capricorn, {321 46 1824 19 4. S,
31. {In Andromeda’s gins .
dle, 7 26 3239 9 32, N.
32. [Below the preceding, | 7 27 3238 45 34.N.
88, |Below the head of the
N, Tish and the
Great Triangle, 20 9 1729 32 23. N.
44. |Between Medusa’s head
and the left foot of

Andromeda, 36 51 8741 89 82, N.
. .85. [Near g and , Castor, | 88 40 924 %3 30.N.
36, {Near p Bootes, 80 11 42E3°$ 8 6G.N.
37, |[Near the preceding, 84 15 1232 11 5IL. N,
38, [Near , Auriga, 78 10 1236 11 S1.N.J
39. {Near the Swan’s 1ail, [320 §7 1047 25 0. N.
40, (At the root of the G.
N Bear'y tail, 182 45 3059 23 50, N.
41. iBelow Sirius, , 198 58 12120 98 0. S§

42, |Between ¢ and ¢ in O-
rion’s aword, 80 58 40| 5 34 6. S.
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8!

3]'

6!
15
1° 8¢
i
’l‘

9
4

15

15

20
9

15
1® o

.ﬁf

- A mass of small stars, mixed with a faint light,

resolved by D, H.
A teain of faint Light with stars.
A mass of small stars surrounded with nebulosity.
Round, and resolved into stars by Dr. H.

A mass of stare of the 8th and 9th magmtude,
surrounded by nebulosity,

The sane as the preceding.

Round, and resolved into stars by Dr. H,

A mass of stars very nezr each ether.

Great nebulosity, comammg geveral stars.  The
light is divided mto several partn Resolved
-into stars by Dr. H

A mass of emall stars,

A mass of small stars.

Oval. It exhibited 2 mottled nebulosity ta Dr.
H.

Round, and reselved into stars by Dr. H.-

A mass of 7 or 8 small stars.

Rourd, and resolved into stars by Dr. H

It resembles two cones of light joined at their
base, which is 157 broad. Resolved into stars
by Dr. H,

Round, without stars, and with a faint light.

Ite li ght is uniform and whltlsh It exhibited a
mottled nebulosity to Dr. H

A mass of small stars.

A mass of small stars near Castor’s left foot,

A mass of small atars.

A mass of small stars, with 2 nehulosity, resolv-
ed into stars by Dr. H.

A square mass of small stars,

A mass of small stars,

T'wo stara very near one another,

A mass of sniall stars.

-

A beautiful nebulz, containing 7 small stars.

See Plate VI, Sup. Fig. 12.

CHAP.
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1674 .
3 [Above the preceding. [ 8! 3 0O 5 26 37 S.
44 |Between y and ¥ Cancer.]126 50 30120 34 38 N,
45 {The Pleiades. 53 27 32241 N
467 [Between the G. Dog’s
1771 head and the hind feet|
of the Unicorn, 112 47 4314 19 7 S.
47 |Near the preceding, 116 3 3814 50 8§ 8.
49 |Near the three stars at
the root of the Tlni-
corn’s tail. 120 36 O 1 16 42 S.
49 |Near ¢ Virgo, " 184 26 58 9 16 9 N.
50 |Above 4 Great Dog. 102 57 28[ 7 57 42 S,
1772
51} [Below » Great Bear.

1774

52

53
1777
54
1778
55

56
1779
57
58
59

61
62

63
64
1780

§

Near the ear of the}
Northern Greyhound.

Below d Cassiopeia.

Near 42 Bei‘gnice‘s hair.
In Sagittarius. I

In Jagittarius

Near the Milky Way.

Between y and g Lyra.
In Virge,

Near the preceding.

In Virgo.

In Virgo.

In Scorpio.

In the Canes Venatici.
{n Berenice’s hair.

200 5 4848 24 24 N,

348 3G 27160 22 12 N.

195 30 26/ig 22 44 N.

280 12 55180 44 "1 8.

291 30 2531 26 27 S.|

287 .0 120 48 14 N.
32 46 3 N.
i3 2 42 N
12 52 36 N.
12 46 2 N.
542 35 N.
20 45 30 S.

281 20 8
186 37 23
187 41 38
188 6 53
182 41 5
251 48 24

196 5 30143 12 37 N.
1 N,

191 27 38122 52 3
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CHAP.

- | A star surrounded with nebulosuy. . :
A mass of small stars. Ny
Cluster of stars. .
.« 1A mam of stars, with a little nebulosity.

AI mam of small stars,
A mass of smwall starg, .

fiee Mem, Acad. 1770,
Mass of small stars below 'Umcoms right

thigh.

4 Double., The two atmospheres, whose cen-
tres are 4 35° distant, touch one another,
and are brght in the middle. 'T'he one
is fainter than the other. Resolved into
stare by Dr. Herschel. :

Mass of stare, mized with a nebulosity,
accordiag to Dr. Herschel. This cluster
appears like a solid ball, conswtmg of small
stars, quite compressed into one blaze of
light, with a great number of loose ones

.5 o o). surrounding it. See Plate V, Sup. Fig. 10.
Round, and resolved into stars by Dr. Her.
schel :
& Faint, and bright in the centre.

T 1A whltle spat, reaolved intq stars by Dr. Hers

sche
Faint, and resolved into stars by Dr., Her-

achel,

Round, and oons:stmg ofa mottled nebulasity.
Very famt, without any star.
1 Very faint, without. any.etar,
Brighter than the two preceding. .
Very faint,
- . 1 Like a comet, with a brilliant centre, sur~
Ny |+ rounded with_a faint hght. Rewlved into
"+ .| sare by Dr. Herschel,
ST Very faint.
-4 Faint. -

~yet Il . . .. Gg ..
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65 Tin the Lion. 166 50 5414 16 & NJ
66 Very pear the precediog.167 13 3914 12 21 N,
67 [Below the southern elawl
of the Crab. 120 6 5712 36 38 N.
68 [Below the Crow. 186 54 33[25 30 20 S,
69 !Below the left arm of
Sagittarigs. © B74 11 46132 31 45 8,
20 |Near the preceding. 277 13 1632 31 7 &
71 |Between y and ) Artow.205 50 0118 13 O N
72 iAbove the tail of C.apri-c '
corn. 10 20 4013 20 51 S,
78 |Near the preceding. 1L 43 4013 28 40 S,
4 |Near 4 inthe string v
connects.the Fishes, | 21 14 9{14 39 35 NJ
75 |Between Sagiktarius and;
_ the bead of Capricorn208 17 24p2 32 23 §
&6 {kn Androweda’s right 3
foot. 22 10. 47150 28 48 N,
27 [En the Whals, 37 52 3310 57 43 54
78 |k Osioa. 83 53 35/ 0 1 23 5/
79 |Belpw e Hare, 78 49 2j24 42 57 §.
80 |Between g ad ? Scord |
1781 | pio.
81 (Near the ear of the Greay
- Bear,
82 {Near the preceding.
83 [Near the Centaur’s hend, ;
84 ([Ia Virgo.
85 (fbove and near Spin
i 86 {In Virgo.
: 87 |Ia Virgo,
88 [In Virgo.
89 |Near No, 87.
g0  iin Virge.
g1 [Above the preceding.
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2!

3!

2?

30"

Faint, but resolved into stars by Dr. Herschel,

Very faint, but resolved into stars by Dr,
Herschel, '

A mass of stars, with nebulosity. Ir is a
cluster, pretty much compressed, in which
Dr. Herschel has observed 200 stars at oace,
with a power of 157 in his great reflector,

Very faint.

Faint, like the nuciens of a small comer,

Near four telescopic stars. '

Very faint, and resolved into smars by Dr,
Herschel,

Faint, but resolved into stars by Dr. Herachel.

Three or four small #ars, containing a Itk
nebulosity.

Very faint, but resolved into stars by Dr.
ﬁemch&!.

Composed of small stars, with pebulosity.

echain makes it only nebulons. .

Composed of small atars, with sebulosity.
Small and faint.

A mags of sreall stars, containing nebulosity.

A mags of stars, with two bright nuclei, sur-
rounded with a nebulosity.

A fine nebula, bright in the centre, and a
Iittle diffused. ﬁesolved into a mottled ne-
bulesity by Dr. Herschel.

Round and bright in the centre, Like a comet,

A little oval, bright in the centre, and exhi-
biting a mottied nebulosity to Dr, Herachel.

Faint, and elongated, with a telescopic atar at
its extremity. It shews a mottled nebule-
sity to Dr. Herschel.

Very faint.

Bright in the centre, and surrounded with ne-
bulosity.

Very faint,

The same a3 No. 84, and near it.

As luminous as the preceding.

Very faint, and like No, 58.

Very faint.

Like the preceding.

Fainter than the preceding,

Gga

CHAY;
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.g2 }Between the knee and thef

left leg of Hercules. [257 38 342 21 59 NJ
93 |Between the Great Dogl

and the Ship. 113 48 35123 19 45 S
94 |Above Cor Caroli. 190 10 46142 15 43 NJ
'gs. In the Linn, above L. [158 3 &2 50 21 N,
g06. (Near the preceding. {158 4620012 58 g N|
97 [Near s Great Bear, 165 18 40856 13 30 .
08 |Above N. wingof VirgoJ180 50 49/i6 8 15 N,
99 {OatheN.wing of Virgo.181 55 1915 37 12 N.
100 {In the ear of com inf

Virgo. 182 59 1016 59 21 N.
101 (Between the left hand of

Bootes and the tail of |

the Great Bear. . 1208 52 5 24 25 N
102 |Between + Bootes and
. s+ Dragen, -
103 [Between s and ¥ Cassio-

' peiE.
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Py

2 30"

2?

7!

A beautifn! nebula, bright m the centre, and

. surrounded with preat nebulosity. Resolv.
¢ into stars by Dr. Herschel.

A mass of small stars.

Bright 1n the centre, with a diffused nebulo.
BiLY.

Ver};r faint.

Faifter than the preceding.

Very faint. Anothernear it, andanother neary.

Very faint. - .

Brighter than the preceding. Between two
* stars of the 7th and §th magnitude.

Like the preceding.

Very faint. Discovered by Mechain. Mot-
tled nebulesity, according te Dr. Herachel

Very faint, Discovered by Mechain,

A mass of etars,

CHAPF.
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CHAP.  Dr, Herschel has divided the nebule which

' X he has.observed into eight classes, viz. 1. Bright
nebulz. 2. Faint nebulz., 8. Very faint ne-
.bulz. 4. Planetary nebulz. 5. Very large
nebulw. 6. Compressed clusters of stmars. 7T,
Pretty much compressed clusters of large or
small stars. And, 8. Coarsely scattered - clus-
ters of stars. .

In the following catalogue we have given the
whole of Dr. Herschel’s first class, amount.
ing to 288, being those which may be most
readily seen by ordinary telescopes. It does
not include any that are given in the preceding
catalogve. QOur limits will not permit us to
give Dr. Herschel’s remarks upan the nature of
each nebula, 'We have, therefore, confined
the catalogue solely to their position in the Hea-
vens. The letter F. signifies following, and P.

- preceding, S. south, and N. north,
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eight of the First Class, or Class of Bright
Nebulz, according to the Observations of Dr.

Herschel,
Firsr Crass.
0 . Difference of Right |
X Sta];:big: h:: th:e Ascenslon in Tifne Difference tn |
B 1 pond. 7 %€ | between the Nebu.| Declination,
z I and the Star. -
M. S.. D. M.
1| 82¥Ceti = 2 17F. | 0 sN.
2] 3 Lecnis = 18 7P |1 12 8.
3 | 34 Sextantis 28 55 P, 0 13 8.
4 28 27 P. { 0 10 8.
5| 61 Leonis = 2 42 P, 8 7N
6 64 Virginis a3 s6F. 1 0 18
7} 49 Leonis = 126 45 F. { 0-40 S.
81 32 2! Virgin 2 50 F. 0 48 N.
gi 10 r Virginis 3 12F. | 0 35 8.
10 33 37 F. 0 4N
1t } 5 Comz Be, 1 30P. | 2 1 S
12t 6 Comze - g 12 F o ¢ 8.
13} 69 Leonis - 7 57 P. 0 2N.
14 | 29 ¥ Virginis 0 43 F, 1 23N,
15 3 23 F. ¢ 58 N,
16 10 34 {;‘ 0 13'1;;?.
17| . 15 50 F. 1 32 8.
18 }‘6' Leo { 16 18F. | 1 29 &.
1gi 11 Comz = 10 30 P. 0 46 N.
20! 73 n Leonis = 8 52 F. 1 57 8
21 25 31 F. 1 49 8
22 | 34 Virginis = 22 24 P, c 17 8.
23 18 24 P. 0 19 8
24 | 30 ¢ Virginis 1 42 P, 0 58
25| 34 Virginis = | . 4 45 F, 0 40 8.
261{ %2 K Leonis *3 48 P, Z2 g8
27 | 46 i Leonis ~ 18 47 F. { 0 43 8.
28 | 34 Virginis - 19 36 P, 1 BN
291 73 n Leonis i 9P o 30 8.

CHAP.
X.
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M. 5

DM
31 1 d Virginis 17 41 P} 0 32 N.
. 81 1 d Virginis g oP. /-0 37 N.
5 11 P. | 0 28-N.
g « Virginis - 3. 12F. -1 39 N.
59 e Virginis 20 42 F. 0.34 8.
34 Virginis - 31 2P 1 5N.
11 24 P, o z0 N,
32 2d Virgin - 11 36 P, 0 ON.
51 #Virginis | 21 36 P. | 0 14 S,
5 48P. { 0 2N
28 Virginis -~ g 24 F. {1 2N
26 x Virginis 30 27 F. { 0o, 8N,
49 g Virginia - 28 6P D 51 8
51 eQOphiuchi | 7 18F. + o oN.
43 Ophmch: -1 -6 3P | 0o 4N.
[P o s4¢F: P2 46N
“ImAquilke -] 17 48F.-1 0 ‘33 S.
43 4 Sagittarius { 114 6 P. 144 N.
|10 y Sagittariws| - 2 18 P. o 23 N
" 193 Sagittarius | 3 o F. o' 33 S.
' 22)\Sagutanus .83 12F | 013 8
A7 Delphini** | -6 ©0F 2 24 N.
66 » Cygmi - 78 6 F, o 51 8.
35 v Andromeda 15 36 F. -{ 126 8, ~
- 66 Pegasi . | 17 59 P, 9 2N
4 2 Leonis 0 46 F., | 1, 29 s.
1g Endani - 5 gF {1 22 8.
15 ¢ Navis - 64 18 F.-|0.21 N.
A9 Eridani ~ | 6 &1 P, o 16 N/
. 6 Sextantis ~ | 8 42 P. | 0 $1N.
55 Ceti - 0’25 P. 0 37 N.
BOCeti "~ -~ [ - 512 F, 0o 25 S.
81 ¢ Eridani ‘15 g P 0 2N/
31 Crateris ~ .23 30F, {0 s2N.
12 Hydre  » "2 2 F 1 s
8 aCorvi- — | 37 17 P, 2° 10 N
53 Vlrgm:s - | ~12 40P, 1 4N,
11 4P 1 34 N.
106 Virginis = [ 1 -2 F, 0 54 N.
193Libre =1 0 3P, 1 4N,
23 Leonis min. 13 ‘7 F. 0 13 N.
13 Can. vena © 50 17 P, 0 22 S.
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, M. S I M.
.74 | 13 Can.Yema. 43 5P |1 18
.75 cp b ) 40 385 P 1 9 8.
.76 : 38.. 3P| 0 52 8 |
.77 S 34 1P} O 23N,
.78 27 Un= -« 7 46 F. G 4N
.79 : 33 -52 F. 1 17N,
. 80 . -] 67 10F. 0 46 N.~
811 41 Leonis min. o 6P 1 40 N.
.82} 146 Comme ~ ] 37 40 P. 0 14 5.,
.83 ] 21 gComz .~ 0 10F. 1. 2N
. 84 - . 1 34 F. 0 53 N.
-85°% 40 Comiz - 5 g F. c 18 N.
. 86| 39 Lconis min. 13 14 P, 0 sg N.
.87t 44 Lvonis min. 0-30 F 1 I N,
a4 . L 13.-30 F G 1IN
.8g ! 14dComz -~ 8 18P 4 O 55N
Yo" 3 S A S B 6 30P. { 1 57N,
g1} 15cComz -~ 1 10F ;.0 1gN.
g2 i o g 8F 0 19 %
.03} 31 Comzm =" 2 56.F. | 1. 24 N.
g4 6L Ume v~ | O 6 F 2 17 N
T 1 .Lv f 8- oF. .20 72N
g6 | 14 Canuth - ~ 5 80F. | 1 12N,
g7t 7 8 F. | 0 47 N..
LG8 - N 3 s50F. | 0. 12 8.
-99 1 27 y Boates . ~ 13-46P 1L 46 S,
100 42 Ceti’. = 13 43 F. | 0 48 N.
wt 67 ., ] 17 19P o 25 N.
yozf ‘I 21 37 ¥ 0 13 8.
103 ! 14 Delphini: -~ 16 10P. |- 0. 3 8.
104 93¢ Agua: 0 1 8&F 0: 42 N,
1851 47 Ceti © '~ | 26 .24 F. ], 0- 37 8.
106 8gs .. :: b 38 10F 1 24 S.
107§ 20 Endani- —~ 4- 3 F 17 4 8.
108 |. 11! E Pisciym 34 22 B 0: 1 5.
109 | 12 Eridani« - 717 P, 2. 54 N,
110 g Ceti . = 44 o P, {70 47 8.
My S 43- 3P, | G 6 8
112 Sy Aretis .~ [ 5-48 F 0 17 8.
113 | 66 4th ¢ Cap. 18 22 F. |1 34N
1141 18 Leonismin, '{ 13 39 P a 35 8.
115 S 5 47 P i 10 N.
116 SRS ST
117 }37. o 11 5F I 1N

- CHAP.
X,
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CHAP. - M. S. D, M.
X 118 46 Unae - a 1P ] 1 32 8.
Meryemi] )ig | 31 1mtdVigin] 6 0P | 0 55N
31201 30« Crateri - g oP o 17 N.
131 ] 13 8 Viegin, 18 15 P g 19 8.
322 { 57 » Eridani 4 OP o 22 N.
123 60« Vig. -~ | 82 27 P. o 30 S,
124 . 3g 57 P, {0 38
125 3g. 1z P. 1 88,
126 | 108 0 35 P 1 15 N
iyt 1o 1 47 P, o 23 8.
128 3 37 F. 0 30 8.
. 1297 26 % g 46 F. O 41 8.
130§ . 26 35 F. 0 3 8.
131 | 14 .Crateri - 0 29 F. ¥ 3N.
132! 26 Hydre - 1 .44 F. 0 4N,
133§ - 4ggVigin. -] 16 4P. | 0 18N,
134 13 27 P. 0 13N
:gg 68 32 2P | 0 11N
187] 43 Lyncs - | 3 13 F. 0 8N.
138 1 102 ¢ Hydew a3 45 F 1 27 N.
189¢ lisVugih. «| 32 1 F 1 21 8.
140 39 s F. ¢ % 8.
i . 45 350 F. t a2 8.
42| 87 6 3s P. 0 ON.
143§ 483 Vigin, - 4 55 F. | 2 7 8.
44! W9 25 88 P. y 0 54 N.-
ﬁ‘g} 25 4P | 1 7N
147 | 43 Ophiuchi 8 S4P. | 1 17 8.
3148 | 24 = Serpen. 22 26 P. i 16 8,
149 | 40 ¢ Ophiuchi ¢ 14 F, 1 32 N,
150 . 37 53 F. 0 36 N. -
151§ 7E¢Pietum ~| 21 41 F, 1 4L N, .
152 24 EAdetis -~ | 16 33 P, ¢ 20 N.
153 ] sp2deCeti ~| 23 a6 P, 0 68,
154 | 14 Triang. 1 8 F. | ¢ 5N.
155( 32 Egidasi 7 49 F. 1 18-
356 | 129 Persei - 1-41P. 1 106 8
357 | QD v Pisclum 28 9 F. o 13 N..
158 § 48+ Eridani = 4 .82 P 1 46 5.
159 1 20 » Cansiop. 8 30 F. O 33 N.
160§ 29 ¥ Virgin, - 4 17 P 2 1p S.
181 6Comet "~ | 12 58 F. "0 55 8.
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: Mo s- D- Mn

12| 29 Comd 10 85 F. 0 2N
163 | 20 Sextantis 8 20 P o 22 S
1564 | 38 Leo min. 2 54 P, O 36 8.
165 | 6 Camun = 15 42 B, o 25 N.
166 1 20 P, 0o 23 N.
167 1 20 nUnze =~ 13 43 F. 1 30 8.
168 1 34 , 4 -9 P 0 68,
169 | 6 Canum  w 16 16 P 0 53 N,
170 [ 20 28 12 F. 1 &6 N.
1711 53 24, Bootes 49 sr P 1 10N,
172 | 3t Leo min, 25 2 F. 0 3 48
178 86 19 F. 0 23 N.
174 | 53 EUrsn = 46 14 T, 0 24 N.
173 13 Canumn - 46 3 P. 2 28 N.
17 :

177 16§ 33 P. 1 26 N
:;g 8 y 36 F. | 0 12 8
180 | 20 29 ¢ F. 8 15 N
181 40 13 F. 1 NN
182 | 1 Serpentis ~ | 17 22 P. | 0 2 8.
183 11 19 P 0 1N
184 | 8 Libre = 8 21 P 1 15 8.
185 | 19 a Boowes 11 6 F. 0 1N
186 47 14 P. 1 20 N.
187 : 20 15 P 1 14 N.
168 | 38244 13 24 P. 2 44 N,
189 | g 3 s7F. | o 23 8,
ig? Canum 6 m. 11 32 F. 1 11 8
192 | 3 Lacerte = 80 46 P. 2 31 N.
193 | 54 ¢ Androm. 1 26 P 0o 54 N
194t 56 Ursz = 3 19 F. 0 5N
195 | 67 4 49 F. 0 2N
196 = ¥ 17 K 0 38N
}gz }8 Canum, 3 32 P o g N
199 ) 15 Yeomin, -~ | 32 1 F. 0o 24 5
200 | 59 2d » Can, 4 20 P o 29 N.
201 | 63 x Unuze - 0o s5F o 17 S.
202 . 0o 47 F. 0 4N
2031 89 7 2F | 0o aIN
2041 @ 16 2r P 2 I'N.
05 232 18 F, 3 N
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= DML D, M....
250 4 47 P 8 17 N.
4251 76 Ui  ~ 50 48 P. 2 38
252 41 11 P 0 34 &
253 41 46 P. 0 51 S.
254 : 1 47 P 1 88
255 | 60 Urse Her. 19 26 F. i 1 N.
256 ' - 21,33 F o 13 N. |
257 1 12 Eridani - 15 58 F. 1 58 8.
258 1 47 & Persed - ;3 41 P, 1 oN, i
25 17 HydreCrat.{ 18 31 F. { 0 27 N.
260 23 A Uiz - I 49 P 0 34 §
26t | 38of Commois. -} 3 7 F. | .t 35 8. 1
262 | 1 a Draconls. 2 6P 2 41 8.
363 | 4 Draconla - 22 48 P. o 23 5.
264 14 18 P.7| 1 36 N. )
265 | 37 Unz - 16 18P. ] 1 sN.
266 13 35 P. 0 11 B
267 1 39 Urse - 11 21 F o 10 §.
268 1 12 46 F. 0 4 S
269 18 1 F. | 0 99N
270 | 35 36 F. 1 42N
271 35 54 F. g 55 N. ]
272 | Georgitm Sidus | O 53 P. | 6 6 N, 1
273 | A double star 5 45 F. G 39 8. 1
274 1 10 13 F. o 124 8.,
275 § 5 Dracon. Her, 1 32 F 0 12 N. i
2761 2 45 F. 0o 12 N, !
277 6 20F, | 0 20N.
- 278 11 5 P 0 15 8
279 10 28 P. 1 38 N. .
280 ] 6 ZUrzmin. | 51 33 P G 3N
2891 [ + Appa. Sculps, i1 47 P 0 27 N i
L.C. g5 . .
282 | 208 N Camelop. | 153 15 P. 2 43 5.
of Bode's Cat.
283 ' 113 40 P. 3 485
284 85 i8 P. o 23 8.
2851 24dUnz - 13 14 F 1 53 8.
. 286 ' 30 oFR 1 88
287 i 1 a Draconis 4 37 P 1.13 N.
"288 { 184 Camelop. of | 11 58 P. 2 34 S.
" ‘Bode"s Cat. -

; A tablze of nebulze in the . southern hen‘li-'
sphere, by La Caille, may.be seen in the Cons

noissance des Temps for 1784, p. 270,

CHAM
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Plate VI,
Sup.
Fig 14

473 On the Fized Stars,
11, On Stellar Nebule, or those with Burs,

Dr. Herschel supposes that stellar nebulae’
may be real clusters 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, 82, 46, 47, 40 of the
following Catalogue. : '

12. On Milhy Nelbulosity.

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 distance. The changes
which the milky nebulosity of 8 Orion has un-
dergone, both in shape and lustre, seem to in-
dicate that it is mot composed of stars. He
conceives that this lumineus matter may, some
how or other, be formed by means of the light
that is continually issuing from the innumerable
suns that il the immensity of space. See Nos.
33, 45, 71, 76. See also Phil, Trans. 1791,
p- 71, and Plate VI, Sup, Fig. 12,

13 \Of Nebulous Stars.

A nebulous star, which is represented in
Plate V, Sup. Fig. 14, is a luminous point, sur-
rounded with an immense visible atmosphere.
Dr. Herschel thinks that the central point is a
star, from its complete resemblance to a star of
equal magnitude. See Nos. 45, 48, 59, 65, 69,
74 See abso Phil. Trans. 1791, p. 71,
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14, On Planctary Nebule.

Planetary Nebulae, one of which is represent. cuap,
in Plate V, Sup. Fig. 11, is a circular spacein X%
the Heavens, uniformly luminous, resembling ;™
a planetary dise. The light of one of thesesSup
nebulee, 15’ in diameter, was hardly equal o Y& 1%
that of a star of the 8th or 9th magnitnde,
Hence Dr. Herschel supposes that they can
scarcely be bodies like our Sun, as a part of the
Sun’s disc, 157 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 re.
duce them to so small an apparent diameter,
we thall be at a loss to account for their umi.
form light, if clusters; or for their circular
forms, if mere groups of stars. Perhaps they
may be rather allied to nebulous stars; for,
should the planetary nebulz, with lucid centres,
be an intermediate step between planetary ne-
bule and nebulous stars, the appearances of
these different species, when all the individuals
of them are fully examined, might throw a
considerable light on the subject.” See Nos. I,

11, 18, 27, 51, 53, 60, 64, 70.

15. On Planetary Nebule, with Centres.

This class differs only from the last in having prate v,
a bright central point, asrepresented in Plate V, -
Sup. Fig. 14, Dr. Herschel remarks, that if ©
a gradual condensation of the nebulosity about -
a nebulous star could take place, the star No. 73
in the following Catalogue would be one of them,
I an advanced state of compression. See

No. a7,
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CATALOGUE of Planetary: Nebile, Sfar.r
with Burs, . Milky Cheve!ures, Short Ra
- Remarkable Shapes, 850 relm‘mg to tke”

pr ecedmg Articles. : . _
CHAY. - K Diﬂ'eren‘beofﬁjg‘l;t B g
%, | B | Stars by which the Asc;n:‘:ﬁrl:beh;a;lne %ﬁcn@{ﬁe -
Nebule may be |the & andthe | ination.
bt e z§ found, 0 | star. SO .
- M. 5. 7 | Do M-
113, Aqua.m - | & 24 Pu ). 0 2N
2113 Monocer. 6 4 F. 1 27 N. |
3 | 15 Monocer: 8 18 P. o 15 N. ' §
4 [ 60 Leonia - = 10 '3 F: . | S - ¥4
. 5| 29 v Virginis - g oPb . L 1 33N,
. 6| 59 ¢ Leonis — g. . .O0PF | 0 18 5
7 i 81 m Leonis ~ 17 oF." 0o 33 5.
8 [ 34 Virginis .~ 0 12P ‘] 0o 51 8.
- G | 51 m Leonis - 2t 15 P.r{: 1,48 8,
10 | 51 e Qphinchij 1 42 P. -] 0 14 N.
11 | 3 p Sapittz  ~ 22 OoF. |1 47 N
12 [ 39 A Cygni - 8 6P 1735 8-
:13 | 21 Valpee, - 2  6F -{ 1. 51 N.
14 | 27 Aquile - 6 6P 1 45 S.
15 | 21 « Androm. 2 6 F. 1 21 S,
16 | 18 # Sagittar. 17 12 F. | o 1 N
17 | 81 Ceti . - 38 3o F. ‘0 36 N.
18 | 14 Androm., - 6 11P.:4{ 3 18N.
19 | 5 Monocer, - 7 6% _{ 0 108.,
20 | 3 42P. {0 3N,
21'{ 12 Leporis - 8 48P.  |'0 24N, |
22 | 7ENavis - 3 10 F.-i4:1 28:8"]
23 | 75 Ceti - 4 40 P. 0o 6 8.
24 | 50 Orionis -~ |~ © 57 F. L0 17 S,
25 | 19 Navis = 67 O 1 15N,
26 | 34 ¢ Eridani — | 16 16 F. 0 49 N:
27 16 3 b Crater - g8 39 P. 1 25 N.-
28 131 Craters ~ | "1 o0F.- 0 47 N.' 1
29 | 4 » Crateris '— 3 36 F. 0 I6N. }
30 | 14 Canama 6 48 P. 0 55 3
31 50 Aquadi = 7 55 K. 0 a7
32| 62 b Eridani = 0 35 T, 0 21 ﬁ: ]
33 |4940rion - 2 33 P O 23N, F
84 | 410 2d ¢ Orpn, ‘S 41 F. 0 512 3, i}

-

LI ] -
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482 On the Fired Stare
T 'Remdfﬁa‘ on the Neb:da: in the};egza: : ”(—;'a;q.
e o logue, accordmg to Dr Herschel’s z,,m,,.
tions, - P

CHAP. No 1. A very hnght planetary dlsq, nearly

.__f‘__, round, but not well defined.

2. Consxderably bnght Repnesented in Plate
V, Sup. Fig. 8.-

8. Like a star with 4n electr}cal bmsh. See
Plate V, Fig. 10. 3 ’

4. Extremely fa:nt, hke a star w:th 2 very
faint brush. '

5 A star with a mxl]cy ray, 15 or 20’ long.
See Fi ;

6. i cehtral bright pomt, with a rmlky che-
velure.

8 and 9. A close double nebula The che-
velures run into each other.

10, Star with a faint brush N. F, and two
small stars visible in it..

11. Defined pianetary disc, 80" or 40 dia-
meter.

12, & or 4 d1ameter, Like a brush to a star

N, P.:
18, 1V d:ameter, round and well defined.
' 14, ¥ diameter, and resolvabie into stars.

15. A faint stary wrth a smal] chevelure and
two burs,.

16. Pretty bnght round, pretty well defin-
ed, and 45”7 in diameter, -

. 1%. A small star, with a faint nebulous brush,

about 2’ long.

18, A round bnght, well defined planemy
disc, 15" in. dlameter :

19. A star of the 9th. magmtude, with' an ellip-
tical milky chevelure.

20. A star of the 12th magmtude, like the
preceding. L
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. 21, 'Stellar, With a very brxgﬁt nucleus, and a OHAP.
faint ‘chevelure; fot quite central.— -
22, ¢ dxameter, round, and easﬂy resolved’
into stars, ‘- S

28, A very bnght nucleus, mth 2 cherelure,
about 4 diameter,

24, A bright star, with a chevelure, 5 long,
and 4 broad.

25. A considerable star, with a very faint,
small, and irregular milky chevelire.

26. A bright, round, ill defined planetary
disc. It is resolvable on the borders, and is
probably a very compressed cluster at an im-

* inense distance.

29. A beautiful, brilliant planetary disc, ill de-
fined, but uniformly bright, 40’/ diameter, -

28. A pretty bright and large opening, with
a branch, or two nebule, very faintly joined.

20, A very small star, with a very faint brush
preceding.

30, Two stars, %' distant, connected with a
faint narrow nebulosity.

31. Stellar, with a pretty large chevelure

82. Small and bright in the middle, like a
star affected with irregular burs.

88. A star with milky chevelure, or a very
bright nucleus, with milky nebuiosity.

84. An ill defined planetary nebula.
- 85, A small star, with a brush S. P.

86. A star not quite in the centre of a mllky
chevelure.

+37. A very bright planetary nebula, 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 2 faint milky
cbevelure.

Hh¢
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89, A bright,nound gebulay, within, 3 cluster.
It is ¢ ﬁxmetzrliohg is, up;gnneq:pci with the
‘cluster.

40. A pfetty bright star, vmh aseemmg brush

 north preceding it.

41, A double star, with extpr}ssye nebulosuy

dfqrem mmns:;); About. the. double. star
lack cpemng, resembling thf: nebula, i

' 4.-2. A sta;. of the 8th or.9th, magmtude, with,
fane branches, a;:h 1 lgng.

48, A preuy. bright star, :with two faint,
branches,

44, Astarina mllky chevelure.

45, A star.of the 9th magnitude, with a pret-
ty bright, mi}k)’ nebylosity, equally dispersed. all
around ;. a, very remarkable. phegomenan.

46. A small byt.pretty brighs, stellar nebula,
like a star with burs,

AT, A pretty brxght stellar nebula, r,esem-

' bling a star with a bur.a}}, around,

48. A fuint star, with a faint qcbulogzty, exs
tending 1’ S, P. and N. F.

49. A pretty bright. stellar, nebula, with a
small bur all around.

50, Bright and rc-und 4/ diameter, equally
bnght, with,a margin, resolvable into stars.

51. A s.mg]! bright, and:round beautiful pla-
netary nebula, 107 or.15” digmeter, It is
considerably, hazy in the. edges, but of an uni.
form light.

- 52. A star;of the 9th magnitude, with a faint
and smail nebwlosity about it, |

53. A pretty bright. planetary nebula, near, 1/
diameter, roundish, of uniform hght, and prefty
well defined, ‘
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&4,°A cnn%:dmbly brighe swidll nm!em ﬂmh O .
a famt chevehire. . " R

55. Prety ‘briglit and vond: - is ligh
pretty uniformy, bat 4 definkd; and bilitrlefa
at the edges, 1’ diameter.

56. A considerably btight niédciens; in ‘the
middle df an extensive chevelure, 57in diainerers

&7, A smill star 2 famt mebulosity. -

58. A stir of the 9th mugnaitule, sorrounded
with faint mitky nebelosity. Thre tak is eifher
double or not rouhd:  Liess than 1/ dizméter.

59. A conisiderably well defined nunclelss; with

a very faint chevelure.

-60. ‘A bright round planetary nebuly, bilt
indistinct on tie edges, so as to make it a step
between planétary uebtﬂa: and those whichi are
described as very sulldenly much brighter in the
middle.

61. Bright, with & bright round fuclees, and

faint branches, extending about 90 N. P,
8. F. or 8 long, and &’ broad.,

62. Considerably bright, and quite rbund, A
large space in the middle, equaily bright, but
less bright at the margin,

68. 4/ in diameter, round, and muich brlghter
in the middle,

64. A beautiful planetary nebula, of a consi'-
derable degree of brightness, about 12" or 15"
in dameter, not well defined.

65. A star of the 9th or 10th magnitude, af-
fected with a faint nebulosity all around,

66. A smmll star, with a prewty bright, fim-
shaped nebula, The star is on the preceding
s:de of the chevelure, and seems conmected
with it. '

67, Between 2’ and 8’ in diametér, round
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and: bright. ‘The greater ‘part of it is equally
bright, then fading away suddeniy

8. Bright dnd: rmmd, with a'bright nucleus
in the middle, -and 2 famt chevelure joined
to it.

69, A suiall sta of the Sth xnagmtude, with
2 faint luminous atihosphere, of 2 circular form,
about 8 in didmeter. The:star is exactly in
the centre, and the atmosphere so diluted, faint,
and equal throughout, that it cannot be sup-
posed to consist of stars, and the star and the
atmosphere are evidently connected. . -

70. Round, considerably bright, and 30" in
diameter, It resembles an il defined planetary
nebula.

71. A star of the 7. 6 magmtude, enveloped
in an extensive milky nebulosity,

72. A double star of the 8th magnitude, with
a faint milky ray 8. P. ;omed to it, about 8
long, and 1/ 80/ broad.

73. A bright point, a little extended, ltk‘.e two
points close to ohe another. Itis as bnght as
a star of the 8.9 magnitude, surrounded by a
very bright milky nebulosity, suddenly termi.
nated, having the appearance of a planetary ne-
bula, with a lucid centre, The border is not
well defined. " It is perfectly round, and about
1’ 30’7 'in diameter. This is a beautiful pheno-
menon, and is of a middle species between the
planetary nebule and nebulous stars.

74. A star.of the 7th magnitude, with a me-
bqusxty extending a degree ail around.

“Three :stars of the Sth magnitude; in-
volved in nebulosity, about 1/ 30/’ 1 diameter.

76. Faint, with a bright nucieus in the middle,
seeming to comnsist of stars. The nebulosity, of
6’ or 7’, i8 of the mllky kmd :
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1 77. A star of the 9th or 10th magnitude, cnap.
with a nebulous ray about 1/ 80’ long on the X

t S.P. side. .

+ 78, Considerably bright and round, approach.
ing to a planetary nebula, with a strong bazy
border, ¥ 80" in djameter, ,
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ON THE ORIGIN OF THE FOUR NEW PLANETS, AND
OF METEDRIC STONES, -

c‘;ﬁ"‘ Ttz existence of four planets between the or-
temees Dits of Mars and Jupiter, revolving round the

Origln of

the four

Sun, at nearly the same distances, and differing

new Pu- from all the other planets in their diminutive

Beth.

size, and in the form and position of their or-
bits, is one of the most singular phenomena in
the history of astronomy. The mcompatibility
of these phenomena with the regularity of the
plan distances, and with the general har.
mony of the system, naturally suggests the opi-
nion, that the inequalities in this part of the
system were produced by some great convulsion,
and that the four planets are the fragments of a
large celestial body which once existed between
Mars and Jupiter, If we suppose these bodies
to be independent planets, as they must be, if
they did nat originally form one, their diminu.
tive size, the great eccentricity and inclination
of their orbits, and their numerous intersec
tions, when projected on the plane of the eclip.
tic, are phenomena absolutely inexplicable on
every principle of science, and completely sub-
versive of that harmony and order which, be-
fore the discovery of these bodies, pervaded the
planetary system. But if we admit the hypo-
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thesis, that these planets are the ramaing of 3 cuny.
dnxger. body, whith circulated rouvad the Sun, 31
searly io thewrbieof the greatess fragment, the ™
system resunes s order, apd we discorer 2 re-
jgular progression in the distances of the planets,
and. a gentwl haitmeny in the forpm and position
<f .their orbits. 1. 7Fe 4 mand -gapable of feeling
ihe force:of.--udog], this .azguraknt must bave
no-emalf dagréé of weight; and:might be reck.
said 2 sulliciens foundation' far. a philosophical
-tha%q-. .« e are. fo&u?nzt?ly, bowever, not left
4e3he guidanes e anglogical reasoning.
-Themlements bf theimeaw planets furnish ve witgil
sanéral dirvect arfivthents, drawat. from the ec.
-eanthicity sl .Mtlination of their orbits, and
Hoam the position of their perihalion and nodes,
nd all concuiiieg tb shew thet the four new
phansits have diwrged fram -one peint of space,
-amd have, therefore, baek ariginally combined
mhlﬂfgﬂ'lhiy- Tl sy L
. To those mbo are acquatnted with physical
wsdtronomy,: it is' negdless to Hate the dificulty
of ‘ascertaining the paths of four bodies, whose
masses are kmotm, and which have diverged
Jfram ome common node, with yelocities given,
in’ qoantity and direction. This problem is much
‘more perplexing than the celebrated problem
of three bodies, and -is therefore beyond the
grasp of the maost .xefined analysis, It is not
difficult, however, ra ascertain, in general,
the comsequences that wauld atise from the
bursti & K‘;htm, and to determine withih
.certain limdits tha-foxm and position of the or-
bits, in which the larger fragsaents would re-
yolve round the B8xem. .~ - :

"~ When the planet is burat: in pieces by sowe
invernal force chpable of opercoming. the way
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CHAR. tnal attruction: OF the fragments, it is obvios
K that the larger fragment will tecoive the least
© {mpetas from the'explosive foreé]and. will, there-
foré, chrculate inban orbie déviadng less than
any other- of the'frapments: fiomthe original
‘path of the Tatge plidat’; while'the lesser frag-
‘ments, being thrown off with .greater véloc:-
ty, -will ‘revolve iv; orbits. mofeeccentric, arid
more inclined to'the ecliptic.!» Nowy the eccen-
‘tricity of Ceres andiVesta:is nearly one-twelfth
‘of their mean'distance, ‘thae'of : Cores being ra-
ther the greatests- and' the' egcemricity of. Pale
las and Jurio s -one:fourtit of ‘their: mean -dis-
‘tance, the eccentricity of Pullas being alittle
reater thanthat of Juno., "W ishould there-
-ﬁ)re expect, from the: theory; shiat Pallas and
Juno would be'éonsiderably smaller. than Ceres
and Vesta, and that :Ceres showld be the larger -
fragpment, and should ‘have iar: orbit more
analogous in eccentricity and inelination than
that of any of the smaller fragments to:the -
other planets of the system:' .In %o. far as the
‘diameters of the new planets: -have- been mea-
- sured, the-theory is maost strikingly confirmed
by observation: - According: to:Dr. Herschel,
the diameter of Ceres.is 163 miles, while that
of Pallas is only 80. - The observations of
Schroeter make Juno comsiderably less tham
- Ceres ; and though the.diameter of Vesta has
not been accurately ascertaiged, yet the inten-
sity of its light, and the civcumstance of its be-
ing distinctly visible to the naked eye, are strong
proofs that 1t éxceeds in magnitude bath Pallas
and Juno. The striking resemblante between
the twa lesser fragments, Pallas ‘and Juno, in
their magnitudes;” and in the extreme eccentri-
¢ity of their orbits; ‘would lead us to adticipate
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similar resemblances in the position of their CHAP.
nodes, in the place of their perihelia, and in the, .
inclimtion of 1Zheu’ orbits ; ;::?hlle the elements
of Ceres and Vesta should exhibit similar coins

cidences.” Now, the inclination of Ceres is 10%,
~ and that of Vesta 7°; while the inclination of
Juno. is 214, and that of Pallas 84°; the two
greater fragments having nearly the same inclin-
ation, and keeping near the ecliptic, while the
lesser fragments diverge from the original path,
and rise to a great height 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 is represented in Plate-V, pate v.
¥Fig. 24, where the greatest angle of divergency Sur- Fis-
is 27° 41’ 5¢7. If it shall be found, from ob. "
servation, that Vesta is one of the smaller frag-
ments, we may then account for its position
with 'regard to Ceres, and for the small inclina-
tion and eccentricity of its orbit, by supposing
the planets Ceres, Pallas, and Juno to have di-
verged in the same plane, and nearly at right
angles to the ecliptic, while Vesta diverged from
the direction of the original planet, in a plane
parallel with the ecliptic. This will be under-
stood from Fig. 25, where OC is the path of gz 25,
the greater fragment Ceres; OJ, OP, the di-
rections in which the fragments Juno and Pallas
were projected, lying in different planes OCJ,
OCP; and OV, the direction in which Vesta
was projected in a plane OCV, nearly perpen-
dicular to” the plane OPC. “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 fragments.

In the position of the nodes, we perceive the

same coincidence. The orbits of Pallas and
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Fig. 16,

Fig. 27.

482 Origin of che Four New Plarens,

Jure dut the ecliptic in the same point, and thie
nodes of Ceres und Vesta are hot far distant.
This will be distinctly seen in Fig. 26, where
the two smallér fragments still keep together,
and the two larger onés &re fiot very remote.

If all the fragments of the original planet
had, after the explosion, been sttracted to the
larger fragment, ‘it is obviods that they would
all move in the same orbit, and cohsequently
hive the same perihelion. If the fragments re-
ceived a slight degree of divergency from the
explosive force, and moved in separate orbits,
the points of their perihelion would not coine

_cide, and their separation wounld increase with

the divergency of the fragments. But, sincé
all the fragments partook of the motibn of the
primitive planet, the angle of divergency cowld
never be very great; and therefore we should
expect that all the perihelia of the new planets
would be in the same quartet of the Heavens,
This theoretical deduction Is most wondeérfully
confirmed by observation, It will appear from
Fig, 27, where we have projected the perihelia
of the four new planets, that all the peithelia
are in the same sémiicircle, 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 expected,
while there is the same proximity between the
peribelia of the lesser fragments, Pallas and
Juno. .

- These singular resemblancés in the motions
of the greater fragmernts, and in those of the
lesser fragments, and the striking coincidénces
between theory and observation in the eccentri.
city of their orbits, in their inclination to the
ecliptic, in the position of their fodes, and in
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the places of theilr perihelia, are phemwomens craP:
which could not pessibly veswdt fromv chamoe, X%
and, which. concur. to prove, with an evidence ™"V~
amounfing alhmost to demonstration, that the.
four naw planets have diverged from; ons gem~
:.x}o_n. node, and have therefore.composed aisingle:

anet. : -
R Let us now proceed; to considen the otheron the
phenpmena, which might be supposed: to. accom» =
pany, this_ great convuision. When. the cobe-sinee
sion of the planet was: overcome by the action .
of the explosive force, a number of litde frag-
ments, datached along with the greater masses,
would, on account of their smallness, be pro.
jected with.very, great valocity ;, and being thrown
beyond the attraction of the Jarger fragments,
might fall towards the Earth.when Mars hap-
pened, to be. in, the remote part of his orbit.
The.central parts of the oniginal planet being
kept in. a state.of high compression by the su-
perincumbent weight, and.this compressing forca
being removed by the. destruction.of the body,
a.numbser-of; lesser, fragments. m?ht. be detach.
edifrom the larger masses, by a forge siinilar to
the fiyst.. These fragmemts; will evidently be
thrown off, with; the greatest: velocity,. and will
always. be. sepamited. fiom: those: parts which
formed the: contral. portions of the. primitive
planet, The; detached: fragments, therefore,
which are projested, beyond: the attraction. of
the larger masaesy. mast: always: have boentoyn
from the cemmbpmoa‘ﬂhworig'nﬂ‘hvdwand
it.is capeble.of demonswration, that:thesuperfis
cial or; stratified . parts-of s the.planet: could never
be projected:from the fragmems which:they. ac.
sompany, . Coe

When the. pertiops which. are: thus detached
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CHAP. arrive within the sphere. of the Earth’s attrac.
\wrye tiom, they may revolve' round that body at dif-
ferent distances, and may fall upon its surface,’
in consequence of a diminution of their centri.-
fugal force; or, being struck by the electric
fluid, they may be precipitated on-the Earth,
and exhibit all those phenomena which usually.
accompany 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 generally fall
obliquely, and sometimes- horizontaily, 2 direc+
tion which they never could assume, if they de-
scended from 2 state of rest in the atmosphere,
or had been projected from volcanoes on the
surface of the Earth,” - - :
If we compare the specific gravity of me.
teoric stones with the density of the new pla-
nets, we shall obtain another argument in sup-
port of the theory. It appears, from the obser-
vations of Dr., Muskelyne -on the attraction of
Shehdllien, and particularly from the experi~
ments of Mr. Cavendish on- the- attraction of
leaden balls, that the density of the Earth in.
creases towards ‘its centre; and therefort-the
density of the central parts must exceed the aver-
age density of the whole globe.. This diminu-
tion of density no doubt arises from the weight
of the superincumbent mass ; and hence we are
fully enttled to conclude, that the density of
the central parts of every other planet is greater
than the average density of the body. - Asitis
demonstrable, therefore, that the fragments of
the large planet, which are supposed to be me-
teoric stones, must have been detached from the
central parts of the primitive planet, the specific
gravity of .meteoric stones ought to exceed ‘the
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avexage demsity of the plinet. ; Accarding to' CHAP:
the ‘observations of Me, Playfairy the density of _ 5.,
Shehallien is oaly 2.7, while that of the Earth;, -~
is 4.8 ; so that the :density of .the. central parts;
of ‘our globe cannot be lessithan 7 or 8, in qr.;
der to make up the mean density..  Now, the:
dengity of the new planets, estimated from their
position in the system,. by the method - of La,
Grange, is nearly 2; and, reasoping from ana-,

~ logy, and following the proportion already stat-
ed 1n the case of the Earth, we should expect:
that the average density of meteoric stones.
should be about 8,2, which happens to be the
exact specific gravity of the greatest pumber of
these bodies. This coincidence is truly surpris-
ing; and, when taken in connection with the,
evidence arising from the form and position of.
the orbits of the new planets, gives a probabi-
lity to the theory which no other hypotheses can.
claim.- Those who maintain that meteoric stones
have fallen from the Moon, or have been pro-
duced in our own atmosphere, have adopted
these hypotheses because they had no other 0
choose. To suppose that denge bodies, contain.
ing & great proportion-of iron, are generated in
the air, is an assumption repugmant to every
principle of science; and to maintain that they
are projected by lunar volcanoes, when no such
volcanoes are proved to exist, and when a force
of projection woujd be requisite, which has ne-
ver been exhibited in any volcanic eruption on
our Earth, is one. of those wanton hypotheses
which is neither suggested by facts, nor founded.
on analogy. Astronomers have indeed perceiv. -
ed spme faint gleams. of light in the obscure
part of the lunar disc; but this js no proof that
these radiations are the flames of a volcano.
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cuaé.” The aetormaat; whto: is:hovaribg abewe o cwns

xl. ’

globe, might, wivh - equal justice, Wﬂﬂ

=y~ he was soarimg abeve burning mowntains,. winar

e sdw merely an aceidomal ‘flte;. or was eonat
templating tracts:of hesth: thacwess ocagonsdlyc

blazing upon-kb surfage.. - _
* Wershall now conclade this chapten,. by e
deavouring to answer. 4 vary phumﬁ' le. objeution

which may be! uvged against the preceding thew
ory., If meteoric stones are the enes of ¥
planet, why are they all of the same kind P I

- our own Earth were:to Isé burst it pieced, wo-

should find among its fragments stones of every
description; 'Fhis objection is - fourided: on. the-
snpposition: that' the Earth is everywhere strati.-
fied, and' that there exists at its centre the saifie
diversity off minerals which:ocour at its surfaces.
‘Fhis opinion- is- purely Rypothetical. - We have?
scarcely penetrated beyond: the surface. of the:
globe, and we have every redson to believe that-
the stratification is' completely superficial, The:
density of the intepnal mass 18 known to: be ex--
tremely great, and’ the magnetism of the Earth.
demonstrates-that this:mass must be either iron--
stone or melted metals, which have the magne:.
tic virtue. Now, if we suppose the Earth to be:
burst in pieces by some internal force, it is de-:
monstrable that the smaller fragments that woulds
Be projected-beyond its sphiere of attraction must’
come trom the central parts, and that nene 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 superficia¥
parts of the planets to be affected, is by the
shock given to the fragment on which they rest:

But this shock canmot possibly produce a velo-
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city greater than the velocity of the fragment cmar
itself ; and since the fragment is supposed by *)
the hypothesis to continee in an orbit not far —
from the orbit of the original planet, its super-
ficial parts must also remain in the same region
of the Heavens. The portions of our globe, con-
sequently, that would be thrown beyond the reach
of its attraction, would be the dense parts to.
wards its centre, which, in all probability, would
be cither iron.stone, or melted metals that had
the magnetic virtue. Reasoning frem analogy,
therefore, we should draw the same conclusion
respecting the imaginary planet between Mars
and Jupiter ; and it is a very singular circum-
stance, that meteoric stones contain a great pro-
portion of iron, that they are endowed with the
magnetic virtue, and that the large meteoric
stones which have been found in Siberia and in
South America are masses of melted iron.

it would not be difficult to anticipate a number
of objections which might be ur;ged against the
preceding theory ; but, however formidable these
may be, we ought to remember, that such dif-
ficulties do not belong to the hypothesis itself,
but arise from our ignorance of the changes in-
duced upon the fragments during their passage
through the Earth’s atmosphere ; and that they
belong equally to every hypothesis that has yet
been suggested. It is not fair, therefore, to de:-
mand from one theory an explanation of difli-
culties which belong to all. 1t is sufficient to
give a plausible explanation of the phenomena,
and to combine, under a general principle, the
scattered facts that cannot otherwise be gene-
ralised, consistently with the established laws -
and analogies of nature, '
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TABULAR VIEW OF THE SOLAR SYSTEM.
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500 Tobular View of the Solar System.
Names of the | Tropical revolutions. [ Sldereal revolutions. Flace of Aphelion
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Tabular View of the Solar System. 109
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Fig. 1 of Plate IV, Sup.
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. know so wmuch,
P. 180, note, for common, read common purposes,
P. 368, delete the H. M, 8. at the head of each colume.
¥or 1L P. 81, marpin, for Plete X7, read Flofe IX,
P. 148, for the equalorial and polur dionwtsrs of Blars, tead
his equalorial and pxdar divmeters,
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P. 152, for note z, read note 2, and for note o, read note z.
P. 1687, for seconds, read ndnutes
P. 313, insert in the margin, Plate 1V, Sup. Fig. &
P, 918, line 25, for !, read u; and lipe 35, for u read ¢, and
for ¢, read u.
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