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PREFAC E

T h e présent collection of Tables and Formulze
is a part only of a more numerous collection wlrich
I had formed and originally designed for my own
use, witli a view to save time and trouble in the
various astronom.cal computations and researches
in which | liave occasionally indulged ; but with-

out any view to tlieir publication.

I foand tliat many valuable Tables, of almost
daily use in an active observatory, and wliicli have
been publislied from time”nito time by various au-
thors, were to be met witli only in works printed
on the Continent, of considérable expense and not
easily accessible ; and tliat others werégso scatterecl
about in ditferent publications, as to mate it very
troublesome to refer to tb'em at the moment tliey
were wanted. The whole of the Tables”™ which
1 have here selected from such works, have been
either re-computed, or carefully examined by means

of différences : ihe rest are ent'ircly new.
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In the sélection of the Formula, | liave been
guided more by their fitness for computation, tban
by their elegance : and have always adopted those
which, after repeated trials, | have found to lead to
the practical solution of the problem with the least
expense of tirne and labour. Most of these For-
mulae will be found in the works of other writers :
but, it is too well known that in referring to différent
authors for a Formula, the reader is frequently
distracted with a confusion of symbols, the values
of which can only be obtained by a reference to
other parts of the work. and, when obtained, may
be found to be denoted differently by the authors
whose writings form the subject of comparison. In
order to prevent any confusion of this kind, | have
cbanged the characters, used in the original For-
mulée, into such as will, in most cases, more readily
dénoté the quantities used in the solution of the
problem. And, to remove every possibility of mis-
take or confusion on this point, | have inserted, at
the bottom of each page, the quantities which are
denoted by every symbol niade use of in the given

Formula.

The Eléments of the System are taken, for the
most part, from the Systéme du Monde of M. La-

place (5th édition, 1824): but with additions from
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other modem authors wlio have made certain
branches of the science their more particular study.
I have frequently experienced the want of a synopsis
of this ivind ; where ail the différent facts relative to
astronomy ave brought under their respective heads,
without the necessity of turning to a variety of
works for nformation. Much time is frequently
employed, and oftentimes wholly lost, in a research
of this kind, winch it is the object of the présent

abstract to prevent.

At the end of the work | have inserted a set of
P?oblemt> wifh a view to introduce a few Examples
of the use and application of some of the Fomiulae
and Tables, which may appear to be more in need
of a practical explanation. And here it may be
proper to allude to a new method of employing the
signs, when annexed to the logarithms of the quan-
tifies under computation : a method which will be
found to be very convenient and useful in the arith-
metical solution of algebraical formule. The sigu
therefore prefixed to a logarithm in this work, is in-
tended to affect only the natural numbe?' of such
logarithm : for, in ail cases, the logarithms them-
selves are to be added together or subtracted from
each other (according to the conditions of the

problem) exactly the same as if no such signs were
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annexed. W.itli respect to the signs themselves, it
roust be observed that tlie addition of two like
si™ns produces a positive natural number, and the
addition of two unlike signs produces a négative
natural number. Thus, in page 227, the natural
number of the first sum of logarithms is plus, be-
cause the two négative signs produce a positive
resuit: on the contrary, the natural number of the
second sum in that page is mmus, because there is
only one négative sign. In complex trigonometri
cal computations the method is still more conve-
nient and concise, and renders the resuit much less
ambiguous ; as wili appear from the arithmetical

opérations in page 263.

Upon the whole, it is hoped that the présent
work will not be witliout its utility. | am aware
that it might have been rendered much more ex-
tensive : but it would then have lost many advan-
tages which attach to a small and portable volume ;
such as may be convenient to the intelligent and
scientific traveller, and not the less useful in the
observatory. Those who are desirous of possessing
a more comprehensive set of Astronomical Tables,
and more numerous and valuable than any that
have ever yet appeared in this country, will pro-

cure the first volume of Practica' Astronomy re-
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cently publislied by tlie Rev. Dr. Pearson : wbere
they Will find many Tables that do not corne wuhin
the design and intention of the présent work. For,
I have An ail cases avoided such Tables as are
necessarily formed on the principle of double entry
ann likewise those which are merely local ; sucb as
Tables of parallaa &c When problerns involving
guantités of this k*nd corne before the computer
he must either have recourse to the Formulee, or
refer to such larger collections of Tables. The pré-
sent work As intended as a Manual only. and
aspires to no further meril than accuracy, utility

and convenience may fairly lay cluim to.

I have remurked in a former work that, in ail
astronomical calculations, in which the sexagésimal
notation is so much involved, the computer will find
considérable assistance in the use of Cadet’'s Tables
portatives de logarithmes : since, by the help of two
additional collatéral columns given in that work,
the computation of any quantities composed of sexa-
gesimals becomes, without any réduction, as easy
and familiar as those which are formed according
to the usual décimal notation. | am now happy in
being able to state that a new Table of Logar>thms
of the natural numbers is about to appear in this

country, agreeably to the above arrangement; wifh
b
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the additional advantage and eonvenience of liaving
a mark attached to the last figure when it exceeds 5:
whereby the table will be rendered more extensive
and correct. This valuable addition to our list of
mathemat’ cal Tables was suggested by Lieutenant
Colonel Colby, for the use of the Trigonometrical
Survey; and was immediately adopted and put in
exécution by Mr. Babbage: who has, with great
care and diligence, examined and compared ail the
preceding works on this subject : and under whose
able and active superintendence the work is now

printiug, in stéréotypé and on coloured paper.

January 1, 1827.

##H The reader is requested to make the correc-
tions, pointed out in the list of Errata at the end,
previous to a perusal of the work. And the Author
will be obliged by the communication of any other

errors that may have escaped his detec”on.
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THE SUN.

T he sun, which is the source of light and heat to our
system, is the most considérable of ail the heavenly bodies;
and governs ail the planetary motions.

Its mean distance from the earth is 23984 times the
sdmidiameter of the earth ; or nearly 95 millions of miles.

Its mean longitude, at the commencement of the présent
century*, was in 280°. 39'. 10",2 m after subtracting 20"
for the effect of aberration.

His mean motion in the ecliptic (as it appears to a
spectator on the earth) i T 100 Julian years, or 36525 mean
solar days, is, according to M. Damoiseau, 36000°.76472,
or 100rev + 0°. 45'. 53",0f : whence we deduce his motion
ina mean solar day to be 0° 98564722 or 0°. 59'. 8",32999;
and consequently his mean motion in 365 days to be
359°. 7612354, or 359°. 45'. 40",45.

The longitude of lus perigee, at the commencement of
the présent cenrury, was in 279° 30 5",0: and the line

* The epoch assumed in the following pages, as the commencement
of the présent century, is the moment of mean noon at Greenwich, on
January 1, 1801 ; reckoning from the mean equinox. s

4 M. Lalande, in his solar tables, assumed this, in round numbers,
equal to 40'. 0". M. Delambre at first determined it to be 45'.54" m
but he afterwards adopted 45'. 45": at the same time stating that he
thought this lattbr: value was too small Baron Zach has assumed it

equal to 45'. 48".
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of the apsides is subject to the same variation as that of
the eartli.

The annual motion of the sun in the ecliptic, and its
diurnal motion from east to west, are in fact optical dé-
ceptions, arising from the real motion of the earth in its
orbit and on its axis. These will be explained wlien we
corne to treat on the motions of the earth.

The greatest équation ofthe centre, as adopted by M. De-
lambre, is 1° 55' 26",8: but M. Laplace has since pro-
posed 1°. 55'. 27",3. It diminislies at the rate of 17",18 in
a century.

The sun is surrounded by an atmospheéere; and it is
oftentimes obscured with spots. Some ofthese spots have
been observed so large as to exceed the earth 4 or 5 times
in magnitude: and they are generally confined within 33°
of the solar equator.

The observation of these spots shows that the sun moves
on its axis : and the duration of an entire sidereal rotation
of the sun is about 25-f days. Whence we conclude that
the sun isjlattened at the pdles.

The solar axis is inclined in an angle of 7°. 30' to the
axis of the ecliptic.

The mean horizontal parailax of the sun adopted by
M. Laplace is 8",66 : but, as recently deduced by M. Encke
from the transits of Venus in 1761 and 1769, it is 8",5776.
and this angle is the apparent semidiameter of ihe earth,
as seen from the sun.

Th¢ apparent diametcr of thl sun, as seen from the
earth, undergoes a periodical variation. It is greatest
when the earth is in its perihelion; at which time it is
32'. 35",6 : and it is least when the earth is in its aphelion ;
at which time it is 31'. 31",0. Its mean apparent diameter,

or its 'l:anieter at its mean distance, is equal to 32' 2",9
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The true diameter of the sun is 111 w454 times the mean
diameter of the earth; or upwards of 882 thousand miles.

Whence its volume is 1384472 times greater tlian that of
the earth.

Its mass is only 354936 times greater than that of the
earth.

Whence we conclude that its density is or *2543 :
which is about one quarter that of the earth.

A body which vaeighs one pound at the equator of the
earth woukl, if removed to the equator of the sun, weigh
27'9 pounds. And bodies would fall tliere with a velocity
of 334'65 feet in the fii'st second of time.

The sun, and ail the planets, move round the common
centre of gravity of the system : which centre is nearly in
the centre of the sun. This motion changes into epi-
cycloids the ellipses of the planets and cornets, which re-
volve round the sun.

The sun is supposed to have a particular motion, which
carries our system towards the constellation of Hercules.
But, this is doubted by M Bessel.



THE PLANETS.

The number of planets belonging to our System is
eleven. Six of these have been known and recognised
from time immémorial : namely Mcrcur'y, Venus, the Earth,
Mars, Jupiter, and Saturn. But, the remaining five, which
are not visible to the naked eye, have lately been tlisco-
vered by the help of the telescopep and are therefore called
telescopic planets : namely,

Uramis, discov. by & rW . Herschel, Mardi 13, 1781.

Ceres, . . . . M. Piazzi, January 1, 1801.
Pallas, . . . . M. Olbers, March 28, 1802.
Juno, . . . . M. Harding, Septem. 1, 1804.
Vesta, . . . . M. Olbers, March 29, 1807.

Ail these planets revolve round the sun, as thepfenlre of
motion : and in performing their révolutions they follow
the fundamental laws of planetary motion so hapnily
discovered by Kepler; and which have been fully con-
firmed by subséquent observations. These laws are,

1°. The orbit of each planet is an ellipse; of which the
sun occupies one of the foci.

2°. The areas described about the sun, by the radius
vector of the planet, are proportional to the times em-
ployed in describing them.

3°. The squares of the times of the sidereal révolutions
of the planets are to each other as the cubes of their mean
distances.

The extremity of the major axis of the ellipse, nearest

the sun, is called the perthelion: the opposite extremity of
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the same axis is called tlie aphelion. The line, which
joins tliese two points, is called the une of the apsides.

The anomaly of a planet is its distance 11degrees from
the place of the perihelion.

The radius vector is an imaginary line drawn from the
centre of the sun, to the centre of the planet, in any part
ofits orbit.

The motion of a planet ,n its orbit is always most rapid
when in its perihelion. This velocitj dimi-.ishes as the
radius vector increases ; till the planet arrives at its aphe-
lion, when its motion is the slowest. It then increases, in
an inverse manner, till the planet arrives again at its peri-
helion.

The first two laws of Kepler are sufficient for deter-
mining the motion of the planets round the sun: but, it .s
necessary to know, for each of these planets, seven quan-
tifies; wl.ich are called the dements of their elliptical
motions. These are,

1°. The mean distance of the planet from the sun: or
half the major axis of the orbit.

2°. The duration of a mean sidereal révolution of the
planet.

3°. The mean longitude of the planet, at a given epoch.

4°. The longitude of the perihelion, at a given epoch.

5°. The inclination of the orbit to the ecliptic, at a
given epoch.

6°. The longitude of the nodes, at a given epoch.

7°. The eccentricity g. the orbit, described by the planet.

The ellipses, however, which the planets describe, are
not unalterable. Their major axes and their mean motions
in their orbits, appear to be always the same. But the
position of their apsides, the inclination of their orbits to

the ecliptic, the position of their nodes, and the amount of
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their eccentricities, seem to vary in a course of years.
Tliese inequalities, beirig sensible only m a sériés of ages,
are cailed secular variations. There is no doubt of their
existence : but the modem observations not being suffi-
ciently extensive, and the ancient ones not sufhciently
exact, there still rests some degree of uncertainty as to
their magnitude.

There are indeed some inequalities which affect the
elliptical motion of the planets. That of tlie earth, for
instance, is a little altered. But, they are most sensible in
Jupiter and Saturn : for, it appears that the duration of
their mean sidereal révolution round the sun is subject to

a periodical variation.



MERCURY.

Mercury is the nearest planet to the sun: ils mean
distance being 0'3870981 ; that of the earth being con-
sidered as unity. This makes his mean distance above
36 millions of miles.

He performs his mean sidercal révolution in 87'9692580
mean solar days, or in 87d.23h 15m 43s,9 : and his mean
synodical révolution in 115'‘877 mean solar days.

His mean longitude, at the commencement of the présent
century, was in 166°. 0'. 48",6.

His mean motion in his orbit, in a mean solar day, is
4°. 09238, or 4°. 5. 32",6. His mean motion in 365 days
is consequently 1493°. 7175 or 4rcv+ 53°. 43'. 3",0.

The longitude of the perilielU n was, at the commence-
ment of the présent century, in 74°. 21'.46",9. The line
of the apsides lias a motion, according to the order of the
signs, equal to 5",84 in a year : but, when referred to the
ecliptic, this motion will (on account of the precession of
the equinoctial points) be equal to 55",9 in a year. And
it is in tliis manner that the value is assumed in the pla-
netary tablés.

His orbit is inclined to the plane of the ecF tic in an
angle which, at the commencement of the présent century,
was 7°.0.9"1 : and which angle is subject to a small
increase of 0",1818 in a year.

His ascendmg node was, at the commencement of the
présent century, in 45°. 57'. 30",9 : having a motion, to the
westward, every year, of 7",82. But, when referred to the

Cc
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ecliptic, the place of the node will (on account of the pre-
cession of the equinoxes) fall more to the eastward by
42".3 in a year. And itis in this manner that the value is
assumed in the planetary tables.

The eccentricity of his orbit is 0'20551494; half the
major axis being assumed equal to uniffl This eccen-
tricity is supposed to increase about '000003866 in a cen-
tury.

The greatest équation of the centre, deduced from this
eccentricity, is 23°. 39'. 51"; and subject to an increase of
1",6 in a century.

The rotation on his axis is accomplished in 24h 5m 28s,3.

The inclination of its aais to that of the ecliptic is not
known.

His mean apparent diameter, or his apparent diameter
at a distance equal to the mean distance of the earth from
the sun, is 6",9 : but, at the time of his superior conjunc-
tion it is only 5'0; wliilst, at his inferior conjunction, it
sometimes amounts to 12".

Mercury changes his qgdiases like the moon, according to
his various positions with regard to the sun and the earth :
but this cannot be discovered without the aid of a power-
ful telescope.

His true diameter, compared with that of tI™ earth con-
sidered as unity, is 0'398; wlheh makes it about 3140
miles.

His volume iBonly 0'063, that of the earth being con-
sidered as unity,

His mass, compared with that of the sun considered as
unity, is = «0000004936.

A body, which wci'dZs one pound at the equator of the
earth, would, if removed to the equator of Mercury, weigh
TO3 pounds.
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The proportion of light and heat, wliicli it recoives from
the sun, is about 6’68 times greater than that received on
the earth.

As seen from the earth, Mercury never appears at any
great distance from the sun; either in the morning or the
evening. His élongation, or angular distance, varies from
16°. 12' to 28°. 48'".

His course sometimes appears rétrogradé. The arc
which lie describes in such cases varies from 9°. 22/ to
15°. 44': its duration in the former case is 23" days, and
in the latter case 21\ days. This rétrogradation com-
mences when Mercury is at a distance from the sun, which
varies from 15°. 24' to 18°. 39': and terminates when
Mercury is at a distance which varies from 14°. 49' to
20°. 51"

Mercury is sometimes seen to pass over the sun's disk:
which can happen only when lie is in his nodes, and when
the earth is in the same longitude. Consequently this
phanomenon, for many centuries to come, can take place
only in the rnonths of May or November. The first
observation of this kind was made by Gassendi in Novem-
ber 1631 : since which period they have been fréquent.
The following is a list of ail those which have happened
since the above date inclusive, and of those that will

happen till the end of the présent century.

1631 Nov. 6 1690 Nov. 9
1644 Nov. 8 1697 Nov. 2
1651 Nov. 2 1707 May 5
1661 May 3 1710 Nov. 6
1664 Nov. 4 1723 Nov. 9
1674 May 6 1736 Nov. 10
1677 Nov. 7 1740 Nov. 2



1743
1753
1756
1769
1776
1782
1786
1789
1799
1802
1815

Nov.
May
Nov.
Nov.
Nov.

Nov.

N o © o 0 A~

May 3

Nov. 5

May 7

Nov. 8

Nov.

11

Mercwijj.

1822
1832
1835
1845
1848
1861
1868
1878
1881
1891
1894

Those markecl with an astei'isk are such

will be visible in this country.

Nov.
May
Nov.

May

© o ~N a b

Nov.
Nov. 11

Nov.

o b

May
Nov.

©

May
Nov. 10

future ones as



VENUS.

T he mean distance of Venus from the sun is 07233316;
that of the earth being considered as uni'.y This makes
lier mean distance nearly 68 millions of miles.

She perforais lier mean sidereal révolution in 224-7007869
mean solar days, or in 224d. 16h. 49m 8S0 : and her mean
synodical révolution in 583-920 mean solar days.

Her mean longitude, at the commencement of the
présent century, was in 11°. 33'. 3",0.

The mean motion fn her orbit, in a mean solar day, is
1°. 60217 or 1°. 86 7",8. Her mean motion in 365 days
is consequently 584°. 7916 or lrev+ 224°. 47'. 30",07-

The longiiude of her jpe\ ihelion was, at the commence-
ment of the présent century, in 128°. 43'.5301. The line
of her apsides lias a motion to the westward, of 2",68 in a
year: but, when referred to the ecliptic, this line will (on
account of the precession of the equinoxes) appear to liave
a motion to the eastward, of 47",4 in a year.

Her orbit is indined to the plane of the ecliptic :n an
angle, which, at the commencement of the présent cen-
tury, was 3°. 23'.28",5: and which angle is subject to a
small decrease of about 0 ',0455 in a year,

Her ascending node was, at the commencement of the
présent century, in 74°.54'. 12",9 : liaving a motion to the
westward, every year, of 17",6. But, when referred to the
ecliptic, the place of the node will (on account of the pre-
cession of the equinoxes) fall more to the eastward by
32",5 in a year.
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The eccentricity of her orbit is 0'00G86074 ; lialf the
major axis being assumed equal to unity. This eccentricity
is supposed to decrease about -000062711 in a century.

The greatest équation of the centre is 0°. 47'. 15"; which
is subject to an annual decrease of 0",25.

The rotai ion on her axis is accomplished m 23h. 21m 7S2.

The inclination of hcr axis, to that of the ecliptic, is not
exactly known.

Her mean apparent Giameter, or her apparent diameter
at a distance equal to the mean distance of the earth from
the sun, is 16'9 : but, at the time of her superior con-
junction it is only 9",6 ; wliilst at het- inferior conjunction
it sometimes amounts to 61",2.

Venus changes hcr phases, like the moon, according to
her various positions with respect to the sun and the earth:
which causes a very considérable duiérence in her bril-
liancy.

Her true diamtter, compared with tliat of the earth con-
sidered as unity, is 0-975; which niakes it about 7700
miles.

Her volume is 0-927, that of the earth being considered
as unity.

Her mass, compared v.ith that of the sun considered as
unity, lisB-jfj-yT = -0000024638.

A body which Wweigks one pound at the equator of the
earth, would, if removed to the equator of Venus, weigh
only 0-98 pound.

The proportion of light and heat, whicli slie receives
from the sun, is about 1*91 times greater than that re-
ceived on the earth.

She is surrounded by an atmosphere, the refractive
powers of which differ very little from those of the terres-

trial atmosphére.
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As viewed li'om the earth, Venus is the most brilliant of
ail the planets ; and may sometimes be seen with the naked
eye at noon day. She is known and recognised as the
morning and evening star: and never recedes far from the
sun. Her élongation, or angular distance, varies from
45° to 47°. 12'.

Her course sometimes appears rétrogradé. The arc,
which she describes in such cases, varies from 14°. 35' to
17°. 12': its dnration, in the former case, is 40d.21h and
in the latter case 43d. 12h. This rétrogradation com-
mences or fini™ es when she is at a distance from the sun,
which varies from 27°. 40' to 29°. 41".

Venus is sometimes seen to pass ovet' the sun’s dise,
which can liappen only when she i? in her nodes, and
when the earth is in the same longitude. Consequently
this pheenomenon, for many centuries to corne, can take
place only in the months of June or December. It is a
phaenomenon indeed of very rare occurrence, as may be
readily seen by the following list, which contains ail those
transitskb f Venus which have occurred since that which
took place in December 1639 inclusive (the first that was
ever known to have been seen by any human being) to the

end of the 21st centnry.

1639 Dec. 4 1874 Dec. 8
1761 June.5 * 1882 Dec. 6
1769 June 3 * 2004 June 7

2012 June 5



THE EARTH.

The earth which we inhabit is also one of the planets
that revolve about the sun. Its mean distance from the
sun is 23984 times its own semirliameter: whence it is
nearly 95 millions of miles distant from that luminary. |If
this mean distance be assumed equal to unity, we shall
have its distance at the perihelion equal to ‘9832 ; and its
distance at the aphelion equal to 1*0168.

It perforais its mean sidereal révolution in 365'256S612
mean solar days, or 365i 6h.9m 9%6 : but the time em-
ployai in going from one equinox to the same again, or
from one tropic to the same again (whence called the
tropical révolution), is only 365'242~14 mean solar days,
or 365d.5h 48m 49s,7 *m The tropical year is about 4521
shorter than it was at the time of Hipparchus.

Its mean longitude, at the commencement of the présent
century, was in 100°. 39'. 10",2: aller subtracting 20" for
the effect of aberration.

Its motion varies in différent parts of its orbit. Like ail
the other planets, it is most rapid in its perihelion, and
slowest in its aphelion. In the former point it describes

an arc of 1° 1'.9",9 in a mean solar day: and in the

* M. Lalande makes this equal to 48',0; whilst M. Delambre makes
it 51*,6. In fact, if we augment the duration of the year |s we must
diminish the seeular motion of the sun 4",1. See the note in page 3.
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latter point it describes an arc of only 57'. 11,5 in tlie
same period. Its mean motion is 00,98564722, or
0°. 59'. 8",32999 in a mean solar day; and 00-98295603,
or 0°. 58'. 58",64172 in a sidereal day.

The mean longitude of its perihelion, at the commence-
ment of the présent century, was 99°. 30. 5",0. But the
line of the apsides lias a motion, to the eastward, of 11",8
in a year : ivhich line, berna referred to the ecliptic, will
(on account of the precession of the equinoxes) appear to
have a motion of 61",9 in a year, M. Laplace prefers
61",76 A révolution of the earth, from one end of the
apsides to the same point again, is called an anomalistic
yem and, on the assumption of the quantity stated by
M. Laplace, is performed in 365-2595981 mean solar days,
or in 365d.6h 13m 49s3. The perihelion coincided with
the vernal eqi‘inox about the year 4089 before the Chris-
tian era: it coincided with the summer solstice about the
year 1250 after Christ: and will coincide with the au-
tumnal equinox about the year 6483. A complété tropical
révolution of the apsides is performed in 20984 years.

The axis of the earth is inclined to the pdle of the
ecliptic in an angle which, at the commencement of the
présent century, was 23°. 27'. 56",5* : which angle is called
the obliquity of the ecliptic. It is observed to decrease at
the rate of 0",4755 in a year. But, tliis variation is con-
fined within certain limits; and cannot exceed 2°. 42'.

This angle is also subject to a periodical change called
the nutation; depending principally on the place of the
moon’s node: whereby the axis of the earth appears to
des¢sibe a small ellipse in the heavens. The semi major

* M. Besscl makes this only 54",32 with an annual diminution

of 0",4G.
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axis of this ellipse is found by M Laplace from tlieory to
be 9",40: but Dr. Brinkley, from a comparison of nu-
merous observations, makes it only 9",25. If a dénoté the

semi axis major of this ellipse, the semi axis minor (b) will
be h = “ X ai t being the obliquity of the ecliptic.

The sun has likewise an effect on the variation of tins
angle; which amounts, at a maximum, according to
M. Laplace from theory, to 0,493 : but, according to
Dr. Brinkley from observation, to 0",545. These varia-
tions in the obliquity of the ecliptic affect the right ascen-
sions and déclinations of the stars, accord.ng to their posi-
tions in the heavens.

The intersection of the equator with the ecliptic is not
always in the same point; but is constantly retrograding,
or receding contrary to the order of the signs. Conse-
quently the equinoctial points appear to move forward on
the ecliptic : and whence this pheenomenon is called the
precession of the equinoxes. The quantity of this annual
change caused by the action of the sun and moon, and
which is called the luni-solai precession, is 50",41 ; from
which we must deduct the direct motion caused by the
planets, equal to 0",31: and the différence, or 50", 10 is the
général precession in longnude. It is subject to a small
secular variation. A complété révolution of the equinoxes
is performed in 25868 years.

This precession is also subject to a periodical change,
caused by the nutation of the earth’'s axis; and which
affects the right ascensions of ail the stars, by quantities
depending (like the nutation of the obliquity) on the mean
place of the moon’s node and on the true longitude of the
sun. M. Laplace’'s theory makes the constant of lunar

nutation in longitude equal to 17",579; and of the solar
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nutation equal to 1",137. But Dr. Brinkley makes tlie
former 17"209 ; and tlie latter 1",255.

The eccentricity of the orbit of the earth is 0'016783568;
lialf the major axis being considered as unity *. The
major axis therefore will be to the minor axis of the. orbit,
as 1 to '99986. The eccenb'icity of the earth’'s orbit is
subject to a decrease of 0'0()()01163 in a century.

The sidcreal day, or the lime employed by the earth in
revolving on its axis from any given star to the same star
again, is always the same : and lias not varied 0S003 since
the time of Hipparchus. It is divided into 24 sidereal
liours; and these are again subdivided into sidereal
munites and seconds. This mode of reckoning time,
duiing the day, is now universally adopted by astronorners
in their observatories : althougli die commencement of the
day is stilX determiiied by the apparent culmination of
the sun.

A mean solar day, as adopted by the public m tins
country, is the time employed by the earth m revolving on
its axis, as compared with tlie sun, supposed to move at a
mean rate in its orbit, and to make 365'2425 révolutions in
a mean Gregorian year. But the mean solar day, adopted
by astronorners, is founded on the assumption that the sun
makes only 365-2422414 révolutions in a mean Grego-
rian year. It is divided into 24 mean solar liours; and
these are again subdivided into mean solar minutes and
seconds.

If the sidereal day be taken equal to 24 sidereal hours,

* M. Laplaec makes this equal to '01680318, which appears to lie
i E3

too great. The présent value is deduced from the formula — --——--
where E dénotes the grcatest équation of the centre, and which | have

assumed equal to 1°.55".27",3-
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tlie mean solar day will be equal to 241 3m 565,55 of tliose
sidereal hours. And, if the mean solar day be taken equal
to 24 mean solar hours, the sidereal day will be equal to
23h 56m 4509 of those hours. Or, in ail cases, if we wish
to détermine in sidereal time the value of any given inter-
val expressed in mean solar time, and vice versa, we shall

have
sidereal time = 100273791 x mean solar time

mean solar time = 0-99726957 x sidereal time.

The apparent day is the time employed by the earth in
revolving on its axis, as compared with the apparent place
of the sun. This day is also divided into 24 apparent
hours ; which are again subdivided into apparent minutes
and seconds. This mode of reckoning is still used by the
public in many parts on the continent : and is frequently
referred to by the practical astronomer on varions occa-
sions. In fact, the apparent culmination of the sun is the
commencement of the astronomical day to every practical
astronomer : and in most ephemerides the "computations
are made in apparent time.

Apparent time is constantly changmg. This variation
arises principally from two causes : 1° the* unequal motion
of the earth in its orbit; 2° the obliquity of that orbit to
the plane of the equator. The mean and apparent solar
days are never equal, except when the sun’s daily motion
in right ascension is equal to 59'.8",33. This is the c'ace,
about April 16th, June 16th, Sept, Ist, and Dec. 25th :
on these days the différence vanishes, or nearly so. It
is at its greatest about Novem. Ist, when it amounts to
16m 16s. The correction which is applied to apparent
time, in order to reduce it to mean solar time, and vice
versa, is called the équation of time. It dépends on a va-

riety of arguments which are given in ail the solar tables.
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The astronomical year is divided into four parts, déter-
minée! by the two equinoxes and the-two solstices. The
interval between the vernal and autumnal equinoxes is
(on account of the eccentricity of the earth’s orbit, and its
unequal velocity therein) nearly eight days longer than
the interval between the autumnal and vernal equinoxes.

These intervais were, in 1801, nearly as follow :

From the vernal equinox to d h m
tﬁe summer solStice . = 92.21. 50 () d h m
. >= 186. 11. 34
hrom the summer solstice
to the autumnal equinox = 93. 13. 44
From the autumnal equinox
to the winter solstice . . = 89. 16. 44
. . =§178. 18. 17
From the winter solstice to
the vernal equinox . = 89. 1.33
7. 17. 17

The mass of the earth, compared with that of the sun
considered as unity, is = '0000028173.

Its density is 3'9326 times greater than that of the sun;
and is, to that of waterl as 11 to 2.

The figure of the earth is that ofan oblate spheroid ; the
axis of the pbles kfiing to the diameter of theequatc
304 to 305. Whence thecompression of theearth isR j

which | shall dénoté by—c. There is a considérable dif-

ference lioweser in the recuits obtained by différent astro-
nomers and mathematicians. The mean diameter of the
earth isiabout 7916 miles : iS équatorial diameter is 7924
miles, and its polar diameter 71198 miles.

As a ne-cessary conséquence from this cjrcumstancdpllie
deg7-ees of latitude increase in length, as we recede from

the equator to the pbles. But, différent inerid jis under
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the same latitude posent différent results : tlie général fact
liowever is well ascertained. If the length of a degree,
divided in the middle by the equator, be denoted by d, the
length of a degree, divided n the micldle by any other

3d
latitude (= a) will be increased by — X sin2A nearly :

c denoting the reciprocal of the compression above men-
tioned. Whence we conclude that the increase is propor-
tional to the squale of the sine of the latitude nearly.

The ccntrifugal force at the equator is nearly
(= '00346) of gravity. If the rotation of the earth were
17 times more rapid, the centrifugal force would be equal
to that of gravity : and bodies at the equator would not
liave any weiglit.

By reason of the circumstances mentioned in the last
two paragraphs, bodias los™ part of their weight by being
taken towards the equator. |If the gravity of a body at the
equator be denoted by unity, its gravity at any other lati-
tude (= A) will be increased by «00539 sin2 A nearly.

A pendulum tlierefore, which vibrates seconds at the
equator, must be lengthened in the same proportion, as we
proceed towards the pdles, in order that the oscillations
may be rendered isoclironous. Ifp dénoté the length of a
pendulum at the equator, its length at any other latitude
(= A) musthep (1 + '00539 sin2A) nearly, in order to be
isoclironous.

Light is supposée! to take 8m 13s3 to corne from the
sun to the earth. But, in this interval, the earth lias
moved 20",25 in its orbit.

This motion of the earth produces an optical illusion in
the light which cornes from ail the lieavenly bodies; and
which is callecl the aberration of light. From a mean of

3326 observations made by Dr. Brinkley and Dr. Struve,
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Illie constant of aberration is fourni to be 20",36. This
would make ilie velocity of light equal to 8m 15s,8.

A rare and elastic fluid surrounds the earth, which is
called the atmosphere. Neither the température nor den-
sity of this fluid is uniform ; but diminirhes in proportion
to the distance from the surface of the earth, and is also
aliected by various other circumstances.

On the parallel of 45° of latitude, the température bemg
at the freezing point, and the barometer at the level of the
sea at its mean height (= 29’922 inches) the weight of the
air is to tliat of a similar volume of mercury as 1 to
10477'9: whence it follows that, if the density of the
atmosphére were every where the same, its height would
be 26151 feet, or 4'95 miles. But its true height is mucli
more considérable: since M. Gav-Lussac actually yscended
in a balloon to the astonishing height of 23010 feet, or
4'36 miles; being the greatest élévation to which any
person lias yet ascended.

Air is generally sujiposed to expand in bulk for
every degree of Fahrenheit’'s thermometer : but M. La-
place prefers 9.

The rays of light do not move in a straight line through
the atmospheére ; but are inflected continually towards the
earth : so that the heavenly bodies appear more elevated
from the horizon than they really are. This phanomenon
is called refraction.

W e find, from the most accurate observations, that the
refraction which the atmosphére produces, is for the most
part independent of its température, and proportional to
its density. But, as the density varies according to the
température, it is necessary to attend not only to the state
of the barometer, but also to that of the thermometer.

A ray of light, passing from a vacuum into air al the
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température of freezirfg water and under a pressure indi-
cated by the barometer at 29’922 inches, will be refracted
so that tlie sine of refraction is to the sine of incidence as
1 to 1"0002943321. It would be sufficient therefore, in
order to détermine the direction of a ray of light through
the atmosphére, to know the law of the density of its
strata. But, this law, which dépends on the tempéra-
ture, is very complicated, and varies every moment in the
day.

The température of the whole atmosphére being sup-
posed at the freezing point, the density of these strata will
diminish m a geomemcal progression according to their
distances from the surface of the earth : and we find by
analysis tliat, the barometer being at 29"922, the refraction
at the horizon is 39'. 54",68. It would be only 30 2*'1
if the density diminished in an arithmetical progression.
The horizontal refraction, which we observe, (about
35'. 6',0) is a mean between these limits.

When the apparent height of a star above the horizon
exceeds 10°, its sensible refraction dépends wholly on the
state of the thermometer and barometer at the place of
observation : and it is nearly proportional to the tangent
of the apparent distance of the star from the zénith, di-
nnmshed by 3-25 times the corresponding refraction at
that distance: the thermometer being at the freez: ng point,
and the barometer at 29'922 inches. Whence it follows
that, at that température and under that pressure, the con-
stant of refraction is 60",66: but, at any other tempéra-
ture and under any other pressure, corrections must be
applied which are usually given in ail Tables of refrac-
tion. When the apparent altitude of a star does not ex-
ceed 10°, the formula for deternhning the refraction be-

comes morécomplex : and lias been the subject of much
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controversy between thEimost eininent mathematicians and
astronomers.

The humiaity of the air producé» no sensible effect on its
refracT'e powers, and may therefore be safely negleEted.

The atmosphére is a heterogeneous substance. Out of
100 parts, 79 are azotic gas, and the remaining 21 are
°xygen gas: with the exception of 3 or 4 parts of carbonic
acid gas ont of every 1000. This is found to be univer-
sally the case in whatever season or whatever climate, or
in whatever part of the world the experiment lias been
tried. This proportion is also found to exist in the highest
points of the atmosphére that have been reached by means
of balloons.

A body projected liorizontally from the surface of the
earth, to the distance of about 4'35 miles, if there were no
résistance ii; the atmosphére, would not fall again to the
earth ; but would revolve round it as a satellite . the cen-
trifugal force being then equal to its gravity.

The action of the sun and moon lias a considérable
effect ou the waters of the océan, and produces the phee-
nomena of the tides.

rrhe height of the tide, at higli water, is not always the
sanie ; but varies from day to day: and these variations
have an évident relation to the phases of the moon. It is
greatest.at the syzigies : after which it diminishes, and be-
comes the least at the quadratures.

The tides are also affected by the déclinations of the sun
and moon : for they diminish the tides of thejjsyzigies
which occur at the equinoxes ; and augurent the tides of
the quadratures, which occur at the solstices. The dimi-
nution of the iides of the syzigies at tlié*solstices, is only f
of the diminution of the tides of the syzigies at the equi-
noxeTT- And the increase of the tides at the quadratures,

E
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is twice as great,at the equinoxes as it is at the sol-
stices.

The distance of the nioon from the eartli lias also a
sensible iffhience on the tides. In général tliey increase
and diminish as the diameter and parallax of the moon
increases and diminishes ; but in a greater degree. Tlie
diminution of the tides of the syzigies at the perigee is
nearly three times greater than at the apogee.

The action of the moon upon the tides is three times
that of the sun.

The sea rises and falls twice in eacli interval of time
comprised between the consécutive returns of the moon to
the same meridian. The mean interval of these returns is
Id. Oh. 50m. 28s,3 : consequently the Trre&h interval between
two foliowing periods of high water is 121. 25m 14%1. So
that the retardation in the time of high water, from one
day to another, is 50m 28%3 in its mean State : and it is
affected by ail those causes which influence the moon’s
motion.

This retardation varies with the phases of the moon,
It is at US minimum towards the syzigies, when the tides
are at their maximum; and it is then orMj39m 12s,7.
But, towards the quadratures, when the tides are at theii
minimum, this retardation is the greatest possible; ara
amounts to | h. 14m 58%8.

The variation in the distance of the sun and moon from
the earth (and particularly the moon) lias an influence aise
on this retardation. E&ch minute in the increase or dimi-
nution of the apparent diameter of the moon, augments oi
diminislies this retardation 3m 42%9 towards the syzigies
but towards the quadratures the efléct is three tintes less.

The daily retardation of the tides varies likewise with

the déclination of the sun and moon. In the syzigie™al
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the time ol tlie solstices, it is about Im 26s4 greater tban
in its mean state : and it is dimimshed in the same pro-
portion at tlie equinoxes. On the contrary, in the qua-
dratures at the time of tlie equinoxes, it exceeds iis mean
state by 5m 45561 and is in a similar manner diminished
by this quantity, in the quadratures at the time of the
solstices.

But, the state of the tides is so mouified by the nature
and position of the coasts, the depth of the channel, the
opération of the winds, and by otlier causes, that the
above laws will not always be found to correspond v.ith
the actnal state of the tides, particularly near the coast, or
in rivers.

The général resuit however, from a mean of a number
of observations, is that the inequalities, in the heiglits and
mtervals of the tides, have various periods. Some are of
lialf a day and a day ; others are of lialf a month and a
month ; whilst others are of half a year and a year : and
some are the same s the times of the révolutions of the
lunar node'S',and apsides.



MARS.

The mean distance of Mars from tlie sun .is T523G92S ;
tliat of the earth being cqpsidered as unity. This makffi
his mean distance above 142 millions of miles.

He perforais his mean sidereal révolution in 686'9796458
mean solar days; or in 686d.23h.30m 41s4 : and his
mean synodical révolution in 779'936 mean solar days.

His mean longitude, at the commencement of the présent
century, was in 64°. 22'. 55",5.

His mean motion in his orbit, m a mean solar day, is
0°‘524072, or 31'. 26",66. His mean motion in 365 days
is consequently 191°. 286280 or 191°. 17'. 10",6.

The longitude of the perihehon was, at the commence-
ment of the présent century, m 332°. 23'. 56",6. But, the
line of the apsides has a motion, to the eastward, of 15",8
in a year : which, on account of the prc-cession of the
equinoxes, will appear to move 65",9 in a year.

His orbit is inclined to the plane of the ecliptic in an
angle which, at the commencement of the présent century,
was 1°. 51'. 6",2 : and which angle decreases about 0",014
in a year.

His aseending node w”s, at the commencement of the
présent century, in 48°. 0. 8",5; liaving a motion to the
westward every year, of 23",3. But, when referred to the
ecliptic, the place of the node will (on account of the pre-
cession of the equinoxes) fall more to the eastward by
26",8 in a year.

The cccmtricity of his orbit is 0,0933070 ; half the
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major axis being considérée! as unily. This eccentririty
is supposée! to merease about 0'000090176 in a century.

Tlie grcatfy équation afthe centre is 10°. 40'. 50"; which
is subject to an animal increase of 0jg37.

The rotation on lus axis is performed in 24h 39m:21s3.

The inclination of his axis to that of the ecliptic is
30°. 18'. 10", 8.

His eparallax is nearly double that of the sun.

His apparent luameter, at his mean distance from the
earth, is 6",29. At its conjunction, it is sometimes not
more than 3",6 ; but it increases as the planet approaches
its opposition, when it someiimes amounts to 18",28. Sir
W . Herscliel states that the polar diameter is about Ty
less than the équatorial diameter.

Mars changes his phases (somewliat in the sanie manner
as the moon does from lier first to lier third quarter)
accorde g to his varions positions with resjiect to the sun
and the earth. But lie nevei becomes cornieular, as Venus
and the moon do when near their conjmictions.

His truc diameter, compared with the earth considered
as unity, is ‘517 or about 4100 miles; which is rather
more than half the diameter of the earth.

His volume is 0'1386; that of the earth being considered
as unity.

His m(iss compared with the son considered as unity is
w jjfcro = -0000003927.

A body which iccighs one pound at the equator of the
earth, would, if removed to the equator of Mars, weigh
only j*of a pound.

'The proportion of light and heat received by liim from
the sun, is about 0'18 ; that received by the earth being
considered as unity.

He lias a ve" dense but nioderate atmosphére: and lie
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is not accompauied by any satellite. As viewed from the
earth, lie is known by liis red and fiery appearance.

His course sometimes appears rétrograde. The are
which lie describes in such cases, varies from 10°. 6' to
19°. 35" its duration in the former case is 60d. 18h; and
in the latter case 80€l 15h This rétrogradation com-
mences or fmislres when the planet is at a distance from

the sun, which varies from 128°. 44/ to 14(i°. 37'.
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T his planet was discovered by Dr. Olbers on March 29,
1807 : its mean distancmfrom the sun is 2367870 ; tInit of
the earth being considered as'imity.

It perforais itaHsb/ercali révolution id 1325'7431 mean
solar dayS : and its mean synoaical révolution in 50341
days.

Its mean longitude, at mean noou, at Grcenwich, on
Jan. 1, 1820, was in 278°. 30'. 0",4.

Its mean motion in its orbit, in a mean solar day, is
16'. 17",9516: :ts mean motion pu 36.5 days is consequently
99°. 9'. 15",83.

The longitude of its perihelion, on Jan. 1, 1820, was in
249°. 38'.S", 4 According to M. Santini, it lias an ap-
parent annual motion of + 1'. 34",24*

Its orbit is incLned to the plane of the ecliptic, in an
angle of 7°. 8. 9": which, according to M. Santini, has
an annual decrease of 0",12.

Its aSending node was, on January 1, 1820, in
103°. 13'. 18",2 : which, according to M. Santini, has an
apparent annual motion of + 15",63.

The eccentricity of its orbit is 0°'089130; hall' the major
axis being considered as unity : subiect to an annual in-
crease, according to M. Santini, of ‘'000004009.

The greatest equatimi of the centre is 10°. 13'. 22".

The éléments of this planet hovoever are not yet sufficienily
detei-mined to be thprndcd on : and require correction from

future olfccrvatous.
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JUNO.

This planet was first discovered by Harding on
Sept. 1, 1804: its mean distance from tlie sun is 2'6690009;
that of tlie s™rti lieing considered as unity.

It perforais its sidemal révolution in 15926608 mean
solar days : and its. mean synouical révolution in 478*95
days.

Its mean longitude, at mean noon, at Greenvicli, on
Jan. 1, 1820, was iij 200°. 16'. 19",1.

Its mean motion in its orbit, in a mean solar day, is
13'. 32",9304 : its mean motion in 365 days is conse-
quently 82°. 25' 19",60.

The longitude of its peri/ieiion, on Jan. 1, 1820, w;is in
53°. 33" 46".

Its orbit is inclined to the plane of the ecliptic, in an
angle of 13°. 4'. 9",7.

Its ascending node was, on Jan. 1, 1820, in 171°.7'.40",4.

The eccentricity of its orbit is 0'257848 ; half the major
axis being considered as unity.

The greatest équation of the centre is 29°. 46'. 19".

ThelElements of tinsplanet however are not y et sufficiently
determined to be depended on: and require correction from

future observations.
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Tins plnnet was first disco\gred by M. Piazzi, on Jan. 1,
1801 : its mean distance from the sun is 2*767,745j; tluit of
tlie earth being eonsidpred as unit)l

It perfornis its mean sidereal rcvoliilion in 1681 '398.1
mean solar days: and its mean esipiodical dévolution in
46'6*62 days.

Its 'mecyn longitude, at mean noon”yat Greemviely on
Jan. 1, 1820, was in 128°t IH. 11",9.

lis"mean motion in its orbit, T a mean solar day, is
7a'. SO",.9230 : its mean mol.on in 3(f5 days islconsé-
quent!;- 78°. 9'. 46",89.

The elongitude of its peri/Ziciian, on Jan. 1, 1820, was in
147°. 7'. 81"}fe': wiliicii, aecording to M. Gauss, is subject
to ail apparent animal motion of + \2''1",3.

Its orbit is inclii/ed to tlie plane of the “~eeliptio in an
angle of 10° 87'.26",2 which, aecording to M Gauss,
lias an animal decrease of 0",44.

Its ascending nod" was, an Jan. 1, 1820, in 80°. 41 . 24".
Aecording to M. Gauss, it lifts*an apparent aimual mo-
tion of + 1",48.

T h é’ecceniricitjj of its orbit is 0*078439 ; lialf the major
axis being irconsidered as unity : which, aecording- to
M. Gau-sS, is subject to an annual decrease of *00000583

The greatest équation of the centre is 8°. 59'. 42",

The éléments of this jdane! howaver are not yct siiffunently
Acte.rrnined to he depended on : and rrquire correction from

future obssffeaticms.
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This planet was discovered by Dr. Olbers, ou March 28,
1602: its mean distance from tlie sun is 2,772886 ; that of
the earth being considered as unity.

It perforais its sidereal révolution il) 1636*5388 mean
solar days : and its mean synodieal révolution in 466*22
days.

Its mean longitude, at mean noon, at Greenwich, on
Jan. 1, 1820, was in 108°. 24'. 57",9.

Its mean motion in its orbit, in a mean solar day, is
12'. 48",3934: its mean motion in 365 days is consequently
77°. 54'. 25",59.

The longitude of its perihelion, on Jan. 1, 1820, was in
121°. 7'. 4", 3.

Its orbit is inch, ed to the plane of the ecliptic, in an
angle of 34°. 34'- 55",0.

Its ascending node was, on Jan. 1, 1820, in 172°. 39'. 26",8.

The eccentricitj of its orbit is 0241648 ; lialf the major
axis being considered as unity.

The greatest équation qf the centre is 27°. 49'. 19".

The elements qf this planet kowever are not yet suffciently
determined to be depended on: and reqvire correction from
future observations. It appears subject to very considérable
perturbations.
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The mean distance of this planet from the sun is 5'202776 ;
that of the earth being considered as unity. This makes
his mean distance above 485 millions of miles.

He performs his mean sidereal révolution in 4332'5848212
mean solar days, or in 4*332d. 14h 2m 8S5 : which is nearly
12 years. But this period is subject to some inequalities.
His mean synodical révolution is performed n 398'867
mean solar days.

His mean longitude at the commencement of the présent
century, was in 112°. 15'. 23",0.

His mean motion n lus orbit, in a mean solar day, is
0°. 08312938, or 4'.59",26. His mean motion in 365 days
is consequently 30°. 3422228, or 30°. 20'. 32",0 : so that he
passes through somewhat more than a sign in the course
of a year.

The longitude of his perihelion was, at the commence-
ment of the présent century, in 11°. 8'.34",6. The line of
the apsides has a motion, to the eastward, of 6",96 in a
year : which when referred 10 the echptic will (on account
of the precession of the equinoxes) appear to be equal to
57",06 in a year.

His orbit is inclined to the plane of the ecliptic in an
angle which, at the commencement of the présent century,
was 1°. 18. 51",3 ; and which angle is subject to a small
decrease of about 0",226 in a year.

His ascending node was, at the commencement of the
présent century, in 98°. 26'. 18",9; having a motion to the

F 2
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westward every year of 15",8. But, when referred to the
eclipl ~tlie place of the node will (on account of the pro-
cession of the equinoxes); fall laoijt] to the eastward by
34",3 in a year.

The eccentricity of his orbit is 0'0181621, half die major
axis being assumed equal to unity. This eccentricity is
supposed to increase about O'O00I59850 in a century.

The grcatest .équation of the centre is ,5°. 31'. 13".8 :
which is subject to an annuai :ncrease 0f ON63¥B =

The rotation on his axis s performed in 9h. 55m 49s<7

The inclination of hir axis to that of the eclipdc”is
3°. 5. 30"

His apparent diameter (measured equatorially) at lus
mean distance from the earth, is 36",74. At. jtsFfcfilrmic-
tion Il is sometimes only 30",0; but it ixicreas.es as the
planet approaches its opposition, wlién it Rfometimes
aniounts to 45",88:"

His truc diameter, comparée! with tliat of tlie earth con-
sidered as'unity, is 10'860; which makes it near- 90000
TM®. Thd'hxis of the péles'is to his équatorial diameter,
as 167 to 177.

im\iohauc is 1280-9;' that of tlie earth being considered
as unity.

His mass, compared with that of the san considered as
unity, is = '000934143'J)

His -density, conipared with that" of thd sun considered
as unity, is 99239 : and is about £ of the density of the
earth.

A body winrli ideig/is one pound at the eqirator of tlie
earth would, if removed to the equator of Jupiter, weigh
2'716 pounds. But this must be diminished about a ninth
part, on account of the centrifugal force due to cach

planet
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TJbe proportion of Ughl ami heal \\itich Jj¢ receives (rom
tiie su» is «087: that received by the earth being con-
sidered as unity.

Ile is sumniutlecl by la.nt subsrances whicli appéar like
zones or bejfts: and which are supposed to be parts of his
atmosphéreAs viewed from the earth he appéai's, next to
Venus, the most br.ihaut of ail the pffitfais; whoin Ire:
soipgtinies howeyer surpasses m bfiglitiS*aS

His coursej’sometimes appears rétrogradé. The arc
which he describes in such cases» varies front 9° 51' to
a°.'5<% its duration in the former case is 116J. 18h; and
in dtp.- latter case 1*2d. 12. This rétrogradation com-
mencas <jr finishes,.when, tliefiplanet ijjj.at a distance from
the sun which varies from 113° sjg| to 116°. 42.

Jupiter is accompanied by lotir satclliics.
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The mean distance of Saturn from the sun is 9'5387861 ;
that of the earth being considered as ui.ity. This makes
his mean distance above 890 millions of miles.

Heperformshis meansulereal révolutionin10759'2198174
mean solar days; or i.i 29'456 Julian years. But this
period is subject to some inequalities : and his motion at
the présent day appears to be less rapid than formerly.
His mean synodical révolution is performed in 378090
mean solar days.

His mean longitude, at the commencement of the présent
century, was in 135°. 20" 6' 5.

His mean motion in his orbit, in a mean solar i.ay, is
0°. 03349777 or 2'.0",6. His mean motion in 365 days is
consequently 12°. 22668787 or 12°. 13'. 36",08.

The longitude of his perihelion was, at the commence-
ment of the présent century, in 89°. 9. 29".8. The line of
the apsides has a motion, to the eastward, of 19".4 in a
year: which, when referred to ihe ecliptic, will (on account
of the precession of the equinoxes) appear to be eqnal to
69".5 in a year.

His orbit is inclined to the plane of the ecliptic in an
angle which, at the commencement of the présent century,
was 2° 29'. 35",7 ; and which angle is subject to a small
decrease ofl 0",155 in a year.

His ascending node was, at the commencement of the
présent century, in 111°. 56'. 37",4 ; having a motion to
the westward, every year, of 19",4. But, when referred to
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tlie ecliptic, the place of the node will (on account of the
precession of the equinoxes) fallpnore to the eastward, bj
30",7 in a year.

The eccentricity of his orbit is 0*05615050 ; lialf the
major axis being assumed equal to unity. This eccentricity
is supposée! to decrease about *000312402 in a century.

The greatest équation of the centre is 6°. 26'. 12" ; which
is subject to an annual decrease of 1",279.

The rotation on lus axis is performed in 10h 29m 16*,8

The inclination of his a”is to that of the ecliptic is
31°. 19.

His apparent diameter, at his mean distance from the
earth, is about 16",20.

His true diameter, compared with that of the earth con-
sidered as unity, is 9*982; which makes it about 76068
miles. The axis of the pdles is to the équatorial diameter
as 11 to 12.

His volume is 995*00 ; that of the earth being considered

as unity.
His mass, compared with that of the sun considered as
unity, is = *0002847380.

His density, compared with that of the sun considered
as unity, is *550 ; which is about £ of the density of the
earth ; but there is some uncertainty in this détermination.

A body which weighs one pound at the equator of the
earth, woidd, if removed to the equator of Saturn, weigh
1*01 pounds.

The proportion of hght and heat which it regcoives from
the sun is about *0011 ; that received by the earth being
considered as unity.

He is sometimes marked by zones or belts; which are
probably obscurations in his atmosphere.

His course sometimes appears rétrogradé. Hic arc
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which lie describe$>«m sud» e:i$€s varies from to
6°.:p!i" : its duration in the former case-is I/t8a- 18" : ami
11 the latter case 1351 9h. Tiiis rétrogradation com-
mence*; or fiiiisliés when the planet is at a Idistance from
tliéi sun which larieda'fVvom 107°. 25' to 110°. 46'.
Snturn is accompaiiied by seven satellites: and alsb

sUrrounded with a double ring.
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Uranus was discovered to be a planet by Sir William
Herschel ou March 13, 1781 ; wlio gave it the name of
the Georgium sidus*. Its mean distance from the*Sun is
19'182390; that of the earth being considered as unity
This makes his meau distance npwards of 1800 millions of
miles.

It performs its mean sidereal révolution m 3068G’'820829fi
mean solar days; or in 81'02 Julian years. Its mean
synodical révolution is performed in 369'65G mean solar
days.

Its mean longitude, at the commencement of the présent
century, was in 177°. 48'. 23",0.

The mean motion in its orbit in a mean solar day is
0°.0117695; or 42",37. His mean motion iij 365 days is
4°.295876 or 4°. 17'. 45",16.

The longitude of his perihclion was, at the commence-
ment of the présent century, in 167°. 31'. 16",1. The line
of the apsides lias an apparent motion, to the eastward, of
52",50 in a year.

His orbit is inclined to the plane of the ecliptic in an
angle of 46'. 28",44.

H is ascending node was, at the commencement of the

* B is remarkable that this star was observed as far back as 1690.
It was seen three times b> Flamsteed, once by Bradley, once by Mayer,
and eleven times by Lcmonnier: not one of wliom suspected it to be a
planet. That brilliant discovery was reserved for Herschel.

GI\
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présent century, in 72°. 59'. 85".3; Imving an apparent
motion to the eastwardl évery year, of 14", 16.

The eccentricity of his orbit is (HM66793S ; half the
major axis being considered as unity.

The greatest équation of the centre deduced from this
eccentricity is 5°. 20'. 57".

His apparent Giameter, even at the time of his oppo-
sition, is scarcely 4",0.

His mass, compared with that of the sun considered as
unity, is '0000558098.

His density, compared with that of the sun considered
as unity, is supposed to be about 1T 00.

The proportion of light and heat which ... receives from
the sun is about '003; that received by the earth being
considered as unity.

As seen from the earth the motion of Uranus sometimes
appears rétrogradé. The mean arc which he describes in
this case is about 3°. 36': and its mean duration is about
151 days. This rétrogradation commences or finishes
when the planet is distant about 103°. 30' from the sun.

This planet is accompanied by six satellites.



THE SATELLITES.

The number of satellites in our system, at présent knowu,
is eighteen : namely, tlie Moon which revolves round the
Earth, four that belong to Jupiter, sevcn to Saturn, and
six to Uranus. The moon is the only one visible to the
naked eye.

They ail move; round thei" respective primary planets,
as tlieir centre, by the same laws as tliose primary ones
move round the sun: namely,

1°. The orbit of each satellite is an ellipse, of which the
primary planet occupies oue of the foci.

2°. The areas, described about the primary planet, by
the radius vector of the satellite, are proportional to the
times employed in describing them.

3°. The squares of the times of the révolutions of the
satellites, round their respective primary planets, are to
each other as the cubes of their mean distances from the

primary.
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T he mean distance of the moon from the earth is 29982175
times the diameter of the terrestrial equator; or above 237
thousand miles.

She perforais lier meansiderealrevolution u.27'321661423
mean solar days, or 27d.7h 43m |1s5 : but the time em-
ployée! in making a tropical revolutionlsovly 27d+321582418,
or 27d.7h 43m 4S7. Her mean synodical ~ofolulion is
29'5305887215 mean solar days, or 29d. 12h 44m 2S87-
But these periods are variable ; and a comparison of the
modem observations with the ancient onés proves mcon-
testably an accélération in the mean motions of the moon,
to which we shall presently allude.

Her mean longitude, at the commencement of the présent
century, was in 118°. 17'. 8",3#.

Her mean motion, in 100 Juliau years, or 3G525 mean
solar days, is 481267°. 878222 or 1336rev + 307°.52'.41",6f:
whenee we deduce her mean motion in a mean solar day
to be 13°. 17639G39 or 13°. 10'. 35",027 : and consequently
her mean motion in 365 days to be 4809°. 38468235 or

* M. Burg has adopted 16'. 56",1 : whilst M. Bnrckhardt assumes it
17'.3",0.

j- Mayer, in his first tables, adopted 52'.20"; but in his second
tables, he increased it to 53'.35". M. Burg proppsed 5.'. 43",48 :
whilst M. Burckhardt assumed it at 52'. 53",5. Lastly, M. Damoiseau
has retamed the détermination of M. Laplace, which makes it only
52'. 41",6 as stated in the text.
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13rfv + 129ir28'. 4",85646. It is however suoject to a
secular variation, as will be sliown presently.

The mean longitude of her perigee was, at the com-
mencement of the présent century, in 266° 10" 7",5. But
the line of the apsides has a motion to the eastward,
which in 36525 mean solar days is 4069°. 046278, or
]Jlrev + 109°. 2'.46'6 *: whence we deduce the mean mo-
tion in a mean solar day to be 6'.41",0; and consegnently
the mean motion in 365 mean solar days to be 40°. 39'. 45",36.
It makes a sidereal révolution in 3232'575343 mean solar
days, or in nearly 9 years. The period of a tropical révo-
lution of the apsides is but 323T4751 mean solar days.
These periods however are not uniform : for they have a
secular variation depending on the acceleradon of the
moon; and are retaided wliilst the motion of the moon
itself is accelerated. The amount of this secular variation,
we shall allude to in the sequel.

If the mean place of the moon’s perigee be deducted
from her mean longitude, it will show her mean auomalp.
This mean anomaly was, at the commencement of the
présent century, in 212° 7.0".8f : and its motion in a
mean solar day is 13°. 064992; cousequently its motion in
365 days is 4768°. 722057, or 13rev + 88°. 43'. 19",4. The
mean period of an anomalistic révolution of the moon is
27d. 5545995 or 27d. 13h 18m 37s,4. But these motions
are varidde, as wilf be shown hereafter.

Her orbit is inclined to the plane of the ecliptic in an
angle of 5°. 8'.47",9. But this inclination is subject to a

periodical variation which principally dépends on the

* M. Burg makes this «i'T-'aé,?, wliilst M. Biirckhardt makes it
3'.48",2. M. Damoiseau has adopted the détermination of M. Laplace.
f M. Burg assumes 6'. 56",6; whilst! M. Burckhardt adopts 6'.39",8.
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cosine of twice the distance of the tnoon from the sim ;md
amounts, at a maximum, to 8'.47",15. The mean inclina-
tion however is constant, notwithstanding the sectdar va-
riation in the plane of the ecliptic : a fact which is con-
firmed by ail the observations, ancient and modem.

Her ascending node was, at the commencement of the
présent century, in 13°. 53'. 17",7 *. It lias a motion to
the westward, which in 36525 mean solar days amounts to
1934°. 1659722, or 5rev + 134°. 9'.57",5f : whence we de-
duce the motion of the node in a mean solar day to be
0°. 052955 or 3. 10",64: and the motion in 365 mean
solar days to be 19°. 328421 or 19° 19.427~316. The
nodes make a sidereal révolution in 679S'39108 mean
solar days; or in 186 Julian years. The place of the
node is subject to many inequalities ; of which the greatest
is proportional to the sine of double the distance of the
moon from the sun; which, at a maximum, amounts
to 1°. 37'.45”. A synodical révolution of the nodes is
performed In 346619851 mean soh'fi; days; or in
346d. 14h 52m 35s,1 The mean period of a révolution of
the moon, from node to node, is 27d 2122222, or
27d.5h.5m 365 These mean motion»! however are not
uniform : for the motion of the nodes is subject to a secudar
variation depending on the tfeceleration of the moon ; and
is retarded, whilst the motion of the moon Is accelerated.
The munount of this secular variation we shail now allude to.

The accéléralion of the moon’s mean motion mises from

* M. Burg, iu tlie Sujyrlemenl to his tables, makes this 40",6: whilst
M. Burckhardt adopts 22",2.

t M. Burg- has iflssuined 42",0, in the Supjilemenl to his tables:
whilst M. Burckhardt has adopted 48",0. M. Damoiseau lias followed

the détermination of M Laplace.
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the action of the sun, togethcr with llic' secular variation of
the eccentricity of the earth’s orLit. W liilst this eccen-
tricity diminislies (wlticli is the case at présent) the accélé-
ration will increase : but, when the eccentricity sliall begin
to increase, this accélération] will be changed into a re-
tardation of the moon’s motion. The cause of this varia-
tion alFects not only the position of the moon’s longitude,
but also the place of her perigee and node. M. Damoiseau
lias given the following formule for the secular variations:

wher,e x dénotés the number of centuries from 1800.

Long. =+ 10",7282x9 + 0",019361k3
Anom: =+ 50",4203k9 + 0",091035
Node =+ 6",5632k9 + 0",011850 k3

These quantities are related to each otlie" as the numbers
I, + 4-702 and + 0-612.

Tlienffcentricity of the moon’s orbit is 0-0548442~ lialf
the major axis being assumed equal to unity. It does not
appear to be subject to any variation.

The greatest équation of the centre is 6°. 17'. 12",7 :
which also appears to be invariable.

The rotation on her axis is equal and uniform ; and is
performed in precisely the same time as the tropical révo-
lution in her orbit : wlience slie always présents nearly the
same face to the earth.

ITutj.jL the motion of the moon, in her orbit, is periodi-
cally variable, we sometimes se.e moie of her eastern edge,
and sometimes more of her western edge. This appearance
is called her libration m longitude.

The inclination qf her axis to that of the ecliptic is
1°. 30'. 10",8.

In conséquence of this position of the moon, her poéles
alternately become visible to, and obscured from us. This
plienomenon is called her libration in latitude.
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Thére is also another <henomenon connectée! Sith this
subject, arising from the moon being seen by us from the
surface of the earth, instead of the centre. This is called
her dinrnal libration.

There are other inequalities in the moon’s motions,
arising from the action and influence of the sun. The
principal of these are the three following ones; whieh are
added as-kqua.tions to the moon’; meyn longitude.

1°. The evection, whose constant effect is to dimmish the
équation of the centre in the syzigies, and to augment il in
the quadratures. |f this diminution and increase were
always the same, the evection would dépend only 011 the
angular distance of the moon from the sun: but its abso-
lute value varies also with the distance of the moon from
the perigee of its orbit. After a long sériés of observations,
we are enabled to represent this inequality by supposing it
to dépend on the sine of double the distance of the moon
from the sun, minus the distance of the moon from its
perigee. At its maximum it amounts to 1°. 20'. 29",90.

2°. The variation, which disappears in the syzigies and
gquadratures, and is greatest ni the octants. It is tlien
equal to 35'.41",96. It is proportional to the sine of twice
the distance of the moon from the sun: and its duration is
lialf a synodical révolution of the moon.

3°. The animal équation, which follows exactly the
same law as the équation of the centre of the sun, but with
a contrary sign. For, when the earth is in its perihelion,
the orbit of the moon is enlarged by the action of the sun ;
and the moon therefore requires more time to perform her
révolution. But, as the earth proceeds towards its aplie-
lion, the moon’s orbit contracts. Hence, the period of
this inequality.is an anomalistic year: and, at iis maximum
it amounts to 11' 11",97. It is subject to a small secular

variauon.
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The mean horizontal parallax of the moon, at the equa-
tor, is 57'.0",9 It varies from about 53'. 48" to about
Cl'. 24" according to the distance of the moon from the
earth. The horizontal parallax at any other latitude (= A)
is always less than that at the equator, by a quantity
which is equal to the équatorial horizontal parallax mul-

tiplied by —, sin2A nearly : — being the compression of

the earth.

The parallax of altitude may, for most ordinary pur-
poses, be considered as equal to the horizontal parallax (at
the place) multiplied by the cosine of the apparent alti-
tude.

The apparent diameter of the moon varies also accord-
ing to hcr distance from the earth. When nearest to us,
it is 33'. 31",07 ; but at her greatest distance it is only
29'. 21",91 : the apparent diameter at her mean distance is
31. 7",0. It is always T of the horizontal parallax of the
moon or, more correctly, equal to '545 of the lunar
parallax.

Her mean true uiameter is, in proportion to that of the
earth, as 5823 to 21332; or as 1 to 3'665. Whence her
mean diameter is about 2160 miles. Her figure is that
of an oblate spheroid, like that of the earth.

Her volume is Jg of the volume of the earth.

Her mass is the mass of the earth *.
Her density is ,-jth = ‘615 of the density of the
earth. s r

* M. Lapl'ace made this, at first. equal to gglj-g : but he has since
reduced it to y.ATT- The value in the textis deduced from Dr. Brink-
ley’s constant of nutation.
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A body, which je~/is one pound at the equator of the
earth, would, if removed to the equator of the moon,
weigh only h of a pound.

The light of the moon is 300 thousand times more weak
than that of the sun. Its rays, collected by the aid of
powerful glasses, do not produce any sensible effect on the
thermometer.

The atmospheére of the moon (if it lias any) must be
exceécliagly attenuated ; and must be more rare than that
which we can produce wnli our best air-pumps.

The refraction of the rays of light at the surface of the
earth must be at least a thousand times greater than at the
surface of the moon. The horizontal refraction at the
moon cannot exceed I",6.

Volcanoes and mountains are disc-overed on her surface,
by the aid of powerful telescopes.

A body projected from the surface of the moon, wiih a
momentum that would cause it to procced at the rate of
about 8200 feet in the first second of time, and whose di
rection should be in a line which, at that moment, passed
through tlie centre of the earth and moon, would not fall
again to the surface of the moon ; but would become a
satellite to the earth. Its primitive impulse might, indeed,
be such as to cause it even, after many révolutions, to pre-
cipuate to the earth. The stones, which lave fallen from
the air, may be accounted for m this manner.

The phases of the moon are caused by thetreflection of
the sun’s light from her surface ; and dépend on the rela-
tive positions of the sun, the earth and the moon

Eclipses can happen only when the moon is in lier syzi-
gies: and tlien only when sheis near the place of lier nodes.

If, at the time of her mean conjmiction with AjSsun, she be



The Moon. 51

less than 13°. 33' from her node, there will certainly be an
éclipsé of the sun in some part of the worlcl : but, if this
distance be greater than 19°. 44' there cannot be one.
Between these limits it will be nece_ssary to make a more
minute calculation. If at the time of her mean opposition,
she be 7°. 47' distant from her node, there will certainly be
an éclipsé of the moon: but if 13°. 21'distant therefrom,
there cannot be one. Between these limits it will also be
necessary to make a more minute calculation.

The numbei' qf éclipsés in a year cannot be less than two,
nor more than seven. And when there are only two, they
will both be solar.

A solar éclipsé cannot take place unless the moon be in
conjunction with the sun : and then only to a spectator on
the earth nimer partieular circumstances. When the
centres of the sun and moon are in the same straight line
with the eye of the spectator, and the apparent diameter of
the moon is greater than that of the sun, the éclipsé will
be total : but, if her apparent diameter be less, the éclipsé
will be annular. In other cases, however, which are by
far the most mimerons, the sun will suffer only a partial
éclipsé. The greatest possible duration of the annular
appearance of a solar éclipsé is, according to M. Du
Séjour, 12m. 24s: and the greatest possible time during
which the sun can be totally obscured is 7m 58s. The
magnitude and duration of every solar éclipsé will in fact
differ at every point of the earth’s surface.

The foliowing is a list of ail the subséquent solar
éclipsés that will be visible in this country during the
présent century. The hour of the day at which the
éclipsé commences, and the number of digits eclipsed, are
adapted to the middle of England.
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LIST OF SOLAR ECLIPSES *

Digits

Year. Day and hour. eclipscd.
d h

1826 Nov. 29. 10. A.M. 6°. 41
1832 July 27. 2. P.M. 0. 30
1833  July 17. 5. A.M. 0. 36
1836 May 15. 2. P.M. 11. 18
1841  July 18. 3. contact
1842 July 8. 5 A.M 8. .54
1845 May 6. 8. 6. 15
1846 April 25. 6. P.M. 2. 21
1847 Oct 9. 6. A.M, 11. O
1851 July 28. 2. P.M. 9. 43
1858 March 15, 11. A.M. 11. 30
1860 July 18. 2. P.M. 9. 12
1861 Dec. 31. 2. 5 0
1863 May 17. 6. 3. 46
1865 Oct. 19. 4. 7. 36
1866 Oct. 8. 5. 5 3
1867 March 6. 8 A.M. 8. 42
1868 Feb. 23. 3. P.M. contact
1870 Dec 22. 11. A.M. 9. 36
1873 May 26. 8. 3. 43
1874 Oct. 10. o. 6. 18
1875 Sept. 29. noon 0. 33
1879 July 19. 7. A.M. 4 0
1880 Dec. 30. 2. P.M. 4. 24
1882 May 17. 6. A.M, 2. 18
1887 August 19. 3. 11. 58
1890 June 17. 8. 4. 39
1891 June 6. 5 P.M. 3. 0
1895 March 26. 9. A.M. 1. O
1896 August 9. sunrise contact
1899 June 8 5 A.M. 3. 13
1900 May 28. 3. P.M. 8. O

* Soe Hutlon's Malhem. Diciimutry. Vol. i. page 45%. 2jid édition.
1 have however aclded a fevv others, from the list published by M. Du

Vaucel in the Mémoires des Savons Etrangers. Vol, v. page 575.
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A lunar éclipsé takes place only when the moon is in
opposition to the sun; and it is of the same magnitude and
duration to every spectator on the surface of the earth. It
is caused by her passing through the shadow of the earth ;
which is 37~ times longer than the distance between the
earth and the moon. The breadth of this shadow, in the
part where it is traversed by the moon, is about 2f times
greater than the diameter of the moon, and is equal to the
sum of the horizontal parallaxes of the sun and moon,
minus the semidiameter of the sun. The magnitude and
duration of every lunar éclipsé will consequently vary
according to the magnitude of these quandties at the given
time, and the relative positions of the luminaries.

Visible éclipsés ol the moon ar& so fréquent, that a list
of them cannot. be conveniently inserted in this work.
And, on account ol the indistinetness of the border of the
penumbi-a, the correct observation of such éclipsés is ge-
nerally dilficult and unsatisfactory.

Eclipses generally return again nearly in the same order
and magnitude at the end of 223 lunations. For in 223
mean synodieal révolutions tliere are 6585*32 days; and
in 6585*78 days there are 19 mean synodical révolutions
of the rnoon’s node. Therefore at the end of this period
the Sun and moon will be found nearly in the same
position with respect to the place of the moon’s node.
This period consists of 18 Julian years and 11 days, if
there are four leap years in the interval : but if there are
five leap years, it will consist of no more than 18 Julian
jears, and 10 days. And it will be found that there are
generally about 70 éclipsés in this interval : of which, 29
will be lunar, and 41 solar.

During a mean sjmoSical révolution of the moon, the

motion of the -suifs mean anomaly, the moon’'s mean
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anomaly, and the mean distance of the moon from her
node, will be respectively

29°. 1053533 25°. 8169054 30°. 6705153
Tliese quantities are useful in the computation of tables
for determining the periods of éclipsés.

To an inhabitant of the moon, the earth always appears
nearly in the same place in the heavens; from which it

varies only in conséquence of the libration.



JUPITER'S SATELLITES.

By the aid of the telescope we may observe four satellites
revolving round Jupiter : the positions of which, wjth re-
spect to each other, are continually chai.ging. W e some-
times see them pass over the dise of Jupiter, and to project
their shadow on the body of the planet.

The shadow which Jupiter himself projects benind him,
relatively to the sun, gives rise to another pha&nomenon of
considérable importance. For, the satellites frequently
disappear, or are eclipsed in that shadow, although they
appear, with respect to us, to be at a distance from the

_dise of the planet. These éclipsés are sinnlar in principle
to lunar éclipsés; and vary in duration aecording to the
relative position of the bodies with respect to the sun.

In the following table are given the mean sidereal revo-
lution of the satellites, in mean solar days ; together with
their mean distances from Jupiter, the semidiameter of that
planet’'s equator being considérée! as unity ; and likewise
their masses compared with that of Jupiter considered also

as unit}'.
i ; . Mean
Sat. Sidereal révolution. distance. Mass.
d h m d
1 1. 18. 28 1.769137788148 6.04853 +0000173281
2 3.13. 1t 3.551810117849 9.62347 =m0000232375
3 7. 3.43 7. 154552783970 15. 35024 -0000884972

4 . 16. 16. 32 16.688769707084 26. 99835 +0000426591
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First satellite. The plane of the orbit yf this satellite
coincides nearlj with the plane of the equator of Jupiter ;
the inclination of which to the orbit of the planet, is
3° 5'.30". Its eccentricity is insensible.

Second satellite. The eccentricity of the orbit of this
satellite is also insensible. The inclination of its orbit to
that of its primary is variable ; as well as the position of
its nodes. These variations arerepresented nearly by sup-
posing the orbit of the satellite inclined 27', 49",2 to the
equator of Jupiter ; and by giving the nodes a rétrogradé
motion, on this plane, so as to make a révolution in 30
Julian years.

Third satellite. This satellite lias a little eccentricity,
which is subject to a very sensible variation. Towards the
end of the century before the last, the équation of the centre
was at its maximum; and was then as rnuch as 13'. 16".4.
It aftenvards diminished, and was at its Tmnimum about
the year 1777 ; wifen it was only 5. 7"5. The line of ihe
apsides has a direct but variable motion. The inclination
of its orbit to that of Jupiter, and the position of us nodes,
are also variable. These variations may be répresented
nearly by supposing the orbit inclined 12'. 20" to the
equator of Jupiter ; and by giving the nodes a rétrogradé
motion, on this plane, so as to make a révolution in 142
Julian years.

Fourth satellite. The eccentricity of this satellite is
greater than that of the other three. The line of the
apsides has an annual and direct motion of 42'. 58"7.
The place of the nodes has a direct annual motion on the
orbit of the planet, of 4. 15",3. The inclination of the
orbit to that of Jupiter is about 2°. 58'. 48". It is in con-
séquence of this great inclination that this satellite fre-

gquently passes behind the planet, with respect to the sun,
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without being eclipsed. Sin.ee tlie nnddle of the last cen-
tury, the inclination of the orbit has increased, and the
motion of the'nodes has dinnnished, very peMeptibly.

Independent of these variations, the satellites are subject
to perturbations which affect their elliptical motions ; and
which render their theory very complicated.

The motions of the first three satellites, are related to
each other by a most singular analogy. For, the mean
sidereal or synodical révolution of the first, added to twice
that of the third, is generally equal to three times that of
the second. And the mean sidereal or synodical longitude
of the first, minus three rimes that of the second, plus
twice that of the third, is generally equal to two right
angles.

It foliows therefore that, for a great number of years at
least, the first threeftatellites cannot be' eclipsed at the
saine time. For, tn the simultaneous éclipsés of the second
and third, the first will always be in conjunction with
Jupiter : and vice Vffisa.

The éclipsés of Jupiter’s satellites are of great utility in
enabling us to déterminé the longitude of places, by their
observation : and they likewise exhibit some curious pheae-

nomena with respect to light.



SATELLITES OF SATURN.

By the aid of the telescope also, we may observe seven
satellites to revolve round Saturn: the elenients of which
are but little known on account of their great distance
from us. The following table 'vill show their mean sidereal
révolutions in mean solai days, and their mean distances

from the planet, in semidiameters of Saturn’s equator.

sat. Sidereali évolution. di'\s"te;”ce_
@ n m d
1 0. 22. 38 0-9771 3-351
2 1. 8. 53 1-37024 ... 4-300
3 1. 21. 18 1-88780 5-284
4 2. 17. 45 2-73948 6-819
5 4. 12. 25 4-51749 Jan-524
6 15.522. 41 15-MtfrK) 22-081
7 79. 7. 55 79-32960 6RS59

The orbits of the first six satellites appear to be nearly
circular; and in the plane of Saturn’s ring: whilst the
seventh varies from that plane, and approaclies nearer to
that of the ecliptic.

The great distance of these satellites, and the difficulty
of observing tliem, prevent us from ascertaining the ellip-
ticity of their orbits, and ktjll less the inequalities of their
motions. W e know however that the ejSpticity of the

sixth is very perceptible.
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T he most singular phanomenon attending Saturn is the
double ring. widi which lie is snrrounded : the apparent
form and magnitude of which is very variable. Sometimes
it appears nearly to surround the planet, and at other times
is* scarcely visible eyen.in the most powerful telescopes.
When it is approacliing the latter state, it has the appear-
ance of two liandles. or ansce; one on eacli side of the
planet.

This ring, which is very thin and broad, is inclhied to
the plane of the eclintic in an angle of 28°. 39'. 54,

It revohies from west to east, in a period of 10h 29m 165s,8,
about an axis which is perpendijular to its plane, and
which passes through the centre of the planet. And it is
remarkablc that tlris is the period in which a satellite,
assumée! to be at a*rhean distance equal to the mean di-
stance of the iiug, would revolve round the primary, ac-
eording to the third law of Kepler.: .

The brcadlh of tliL ring isniearly equal to its distance
from tlie surface of Saturn : that is, about ~ of the diameter
ef the planet.

Its surface is separated nearly 111 the nnddle, by a black
concentric band, which di 'ide3 it into two distinct rings :
the breadtli of the exterior of which is rather less than that
of the interior.

The apparent diameter of the ring, at the mean distance
of the planet, is 38",4-2; and of its breadth 5", 78.

The edges of the riggy beiirp very Ihm, and beiirg oc-

i 2



60 Ring of Saturn.

casionally présentée! obliquely to the earth, sometimes
disappear. And as this edge will présent itself to the sun
twice in eacli révolution of the planet, it is obvious that the
disappearance of the ring will occur about once in 15
years : but, under circumstances oftentimes very différent.

The intersection of the ring and of the ecliptic is in
170°, and 350°: consequenlLy, when Saturn is netir either
of those points, his ring will be invisible to us. On the
contrary, when he is in 80° or 260°, vE ma.y see it to the
greatest advantage. Regard however must be had to the
position of the earth ; which will cause some variations in
this respect. The folloving are the dates, during the en-
suing révolution of the planet, when the mean heliocentric
longitude of Saturn is such that the ring will (if the earth
be favourably situated) either be invisible, or seen to the

greatest advantage.

Mean

Date. Phase.
Long.
o]
1825 Nov. 80 South side illumined
1833 April 170 Invi jjble
1838 July 260 North side illumined
1847 Dec. 350 Invisible

1855 April 80 South side illumined



SATELLITES OF URANUS.

By tlie aid of a very powerful telescope we may discover
six satellites reyolving round Urnnus.

The lbllowing table wdl show their mean sidereal révo-
lutions in mean solar days, and their mean distances from

the planet in senndiameters of his equator.

Sat. Sidereal révolution. di'\sAtZir::e.
d h m d
1 5. 21. 25 5-8926 13-120
2 8. 16. 58 8-7068 17-022
3 10. 23. 4 10-9611 19-845
4 13. 10. 56 13-4559 22-752
5 38. 1. 48 38-0750 45-507
6 107. 16. 40 107-6944 91-008

Ail tliese [s&fellites are stated by Sir Wm, Herschel (to
whom we are indebted for ail we know on the subject) to
move 1M laplane wliicli is nearly perpendicular to tlie plane

of the planet’'s orbu.
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Mean distance from ihe sun.

M ercury e, 0'3g70981
VEeNUS .o 0-7-983316
Eartli 1-0000000
M ars .. 1-5236923
Vesta ..o, 2-3678700
JUNO e 2-6690090
CereS . it 2-767245C
Pallas i, 2-7728860
Jupitei - e 5-2027760
Saturn .. 9-5387861
Uranus....eiviiiiiiennns 19-1823900

Mean sidereal revolutim.

Mercury Lo 87c{9692580
Venus .. 224-7007869
Earth .. S65-6563611
M ars . 686-9796458
Vesta . 1325-7431000
JUNO e 1592-6608000
C eres e 1681-3931000
Pallas ..coooooeniiinnans 1686-5388000
Jupiter Lo 4882-5848212
Saturn ... 10759-2198174

Uranius . . . . 30686-8208296
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Si/nodical révolution.

MEercury .. 115?877
VENUS i 583-920
Earth .o, 365-242
M ars ., 779-936
VhKa i, 503*410
JUN O i 473-950
C BV S i 466-620
Pallas ..o, 466-220
Jupiter . 398-867
Satura i 378-090
Uranus ., 369-656
Mean longitude, Jan. 1, 1801.
Mercury ..o 166, 0. 48,6
VeNuUS..oooooeeeenennens 11. 33. 3,0
Earth ... 100. 39. 10,2
M ars .oooveeeveeennnn. 64. 22. 555
Vesta P f 278.30. 0,4

Juno N | 200. 16. 19,1
Ceres .. . . 2 ]123. 16. 11,9

Palla.% L. ~ 108. 24. 57,9
Jupiter.......... 112. 15. 23,0
Saturn....coceeeveveeeennnn, 135. 20. 6,5

Uranus'..eeennnn. 177. 48. 23,0
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Mean daily motion in the

Mercury
Venus
Earth
Mars
Vesta
Juno
Ceres
Pallas
Jupiter
Saturn

Uranus

Récapitulation.

orbit.

59.

10.

13.

12.

Longitude of perihelion

Mercury
Venus
Earth
Mars.
Vesta
Juno
Ceres
Pallas .
Jupiter
Saturn

Uranus

Jan. 1, 1801.

[0}
74.

128.

99.

332.

f 249.

o 1 53.

X\ 147.
1121.

89.
107.

.21.
43.
30.
23.
33.
33.

31.

40,9
53,1

5,0
50,0
24,4
40,0

. 31,5

4,8

. 34,0
. 29,8

16,1

Ann. inc.

+

55,9
47,4
61,8
05,9
.94,2

+ 121.,8

57,1
69,5
52,5



Mercury
Venus
Earth
Mars
Vesta
Juno
Ceres
Pallas
Jupiter
Saturn

Uranus

Mercury
Venus
Earth
Mars
Vesta
Juno
Ceres
Pallas .
Jupiter
Saturn

Uranus

llecaplulation.

Inclination of the orbii.

1820.

Jan, 1, 1801*

i.
3.

"7
13.
10.

_34.

0

23.

51.
8.
4.

37.

34.

1. 18.

2. 29.

0. 46.

9,1
28,5

6,2
9,0
9,7
26,2
55,0
51,3
35,7
28,4

Longitude qf the node.

.

Jan. 1, 1801.

(0]
45.

74.
48.
pi03.

1171.

1.172.

98.
, 111
72.

57.
54.

13.

. 41,
39.
26.
56.
59.

30,9
12,9

3,5
18,2
40,4
24,0
26,8
18,9
37,4
35,3

Ami. var.

+ 0,18
- 0,04

— 0,01
- 0,12

— 0,44

- 0,23
- 0,15
+ 0,03

Ann, inc.

+ 42"3
+ 32,5

+ 26,8
+ 15,6

+ 34,3
+ 30,7
+ 14,2

05
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Mercury
Venus
Earth
Mars
Vesta
Juno .
Ceres
Pallas
Jupiter
Satura

Uranus

Mercury
Venus
Earth
Mars
Vesta
Juno .
Ceres
Pallas
Jupiter

Saturn

Uranus .

Récapitulation.

Eccentricity.

Jan. 1, 180L
0-205514940
0-006860740
0-016783568
0-093307000
0-089130000
0-257848000
0-078439000
0-241648000
0-048162100
0-056150500
0-046679380

Sccular variation.
+ *000003866'
— -000062711
— -000041630
+ -000090176
+ -000004009

— -000005830

+ -000159350
- -000312402

Greatest aquation of the centre.

Jan. 1, 180L Ami, var.

23. 39. 51)) 4 (1,0160

0.47. 15,0 — 0,2500

1. 55. 27,3 - 0,1718

10. 40. 50,0 + 0,3700
f~10. 13. 22,0
833‘] 29. 46. 19,0
2 1 8.59. 42,0
1_27. 49. 19,0

5. 31. 13,8 + 0,6344

6. 26. 12,0 — 1,27.90
g0 o



Leasl. Mean. . Greatest.
Mercury 5,0 6,9 12'0
Venus 9,6 16,9 61,2
Earth
Mars 8,6 6,3 18,3
Jupiter ,80,0 36,7 45,9
Saturn 16,2
Uramis 4,0
Sun 31. 31,0 32. 2,9 32. 356
Moon 29. 21,9 31. 7,0 33. 31,1

Mass. Density. Gravity.

Mercury | Je10 1-03
Venus o871 0-98
Earth 35Ty 3 3-9326 1-00
Mars 2574620 0-33
Jupiter 10705 «9924 2-72
Saturn . +5500 1-01
Uranus 17 0118 1-1000
Esun 1 1-0000 27-90
Moon sffisti2oy  2-418™ 0-16

RecajhtJ.atioii

Apparent Diameter.

k 2

True

67

Diametei. volume.
0-398 0-063
0-975 0-927
1-000 1-000
0-517 0-139

10-860 1280-900
9-982 995-000
4-332 80-490

111-454 1384472-000

0-275 0-020
Sidereal Light and
Rotation. lieat
h m s

24. 5.28 6-680

23.21. 7 1-911

24. 0. O 1-000

24.39. 21 *431
9. 55. 50 037

10. 29. 17 011

003
25. 12. 0
27. 7.43



Récapitulation.

Révolutions of the moon.

d h m s d
Synpdical. . 29. 12. 44. 2,9 = 29-53058872
Anomalistic . 27. 13. 18. 37,4 = 27-55459950
Sidereal . . 27. 7-43. 11,5 = 27-32166142

Tropical . . 27. 7. 43. 4,7
Nodical . . 27. 5. 5.36,0

27-32158242
27-21222222
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Formula:.

I. Equivalent expressions for sin#.

1 cosx . tan x

4 D
—*/ (1 + cotZ,)n

tanx
»/ (1 + tarrx)

6 2 sin“& . cose&e

2 tan 5x
1+ tan'”~x

cotNx + tan &x

sin (30° + x) — sin (30° — x)
3

11 2 sin3(45°+,i x) — 1
12 1- 2sin2(45° — | x)

1 — tan2(45° — | x)
1+ tan2(45° — ~x)

tan (45° + \ x) — tan (45° —£Xx)
tan (45° + .r) + tan (45° —\Xx)

15 sin (60° + Xx) — sin (60° — .r)

1
16 ISE -—- f -
cosecant x



IL Equivalent expressions

10

11

12

13

14

15

16

I :ormulce.

sm~
tan x

sin X . cot x
y3(1 — sin2*)

1
V' (1 + tan-Xx)

cota’
</ (1 + cot3a)

2 cos3Ax — 1

/1 + cos2x
Y 2

1 — tan3i1i x
1+ tan3 x

cotirx —tantj
cot + tani x

1

1+ tanx .tani x

2
tan (45° + {j:) + cot (45° -y py
2 cos (45° + \ X) COs (45° — |y
cos (60° -f x) 4-cos (60° — x)

1
sécant B

i'or cos1



Formula.

I1l. Equivalent expressions loi' tan x.
sin x
cos x

1
Cotx

v0os X

sin X
— sur* 1)

(1 - cos9§)
cos x

2 tan J x
1 — tana

2cot ] X
cot*l x — 1

- 5 E
cCotE£x — tanii

9 cotx — 2cot 2x

1— cos2x
10 .
sin 2 x
sin 2 x
11

1+ cos2x

/ 1—cos2"
N 1+ cos2x

tan (45° + \ x) — tan (45° — \ x)



10

11

12

13

14

15

Fbnntilce.

I1V. Relative to two arcs A and B.

sin (A + B)
sin (A — B)
cos (A + B)

cos (A — B)

tan (A + B)

tan (A — B)

-in (45°+ B) 1_

cos (45° + B)j

tan (45° + B)

tan3(45° + |B)=

tan (45° + |-B)
sin (A + B)
sin (A — B)

cos (A + B)
cos (A — B)

sin A + sin B
sinA — sin B

cos B + cos A
cos B — cos A

sin A .cos B + cos A .sinB

sin A .cos B — cos A .sin B

cos A .cos B — sin A .sin B

cos A .cos B + sin A .sin B

tan A + tan B
1— tan A .tan B

tan A — tan B
1+ tan A .tau B

cos B + sinB
72

1+ tanB
1+ tan B

1+ sinB
1+ sin B

1+ sinB
cos B

tan A + tan B
tan A — tan B

cotB — tan A
cotB + tan A

tan -l (A + B)
tai**A — B)

cCog”™A + B)
tan 4 (A — B)

cos B
1+ sin B

cotB + cotA
cot B — cot A

cCotA —tan B

— CotA + tan B

[continued.
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1V. continuée!. Relati ,e to two arcs A and B.
sinA .cosB = Asin(A + B) + *sin(A — B)
cosA .sinB = -jjsin (A + B) — ~sin(A — B)

i cos(A —B) —~cos (A + B)

sin A . sin B

cosA . cosB = i cos(A + B) +icos(A —B)
cinA + sinB = 2sin"(A+B).cos \ (A — B)
cosA + cos B = 2cosi (A + B).cos\ (A — B)
tanA + tan B = sin |((A___:f_'__B)

cos A.cos B

. s:n (A -f B)
col A"+ cotB= A an
sm A .sun

sinA —sinB = 2sin\ (A —B).cos™~ (A + B)
cosB -cos A = 2sin”(A —B).sini (A + B)
sin (A — B)

tan A — tan B
cos A .cos B

km (A — B)

COtB — COtA = -—-e
smA.sm B

sin3A —sin3B . .
n sin (A — B).sin(A + B)
cos2B —cos2A

C0S3A — sin3B = cos(A — B).cos (A + B)

C0s2A . cos2B

sin (A — B).sin (A + B
(A —p)sin (4 % 8)

T, .
cot3B - Ccot3A = .. . L
sur A.sur 13
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Formulae

V. Différences of trigonometrical lines.

Asinx = + 2sint AXx.cos (X + i AX)
A cos = — 2sinA x.sin (x + AAX)
sin A x
Atan 2 = +
COS X. COS (X + A &)
sin A x
A cotx = . .
sin x.sin (x + A X)
A sin3x = -f sin A *..sin(2S + A Xx)
A cos3x = — sin AXx.sin(2x + AX)
Ksin Aa.sin (2r + Ai’)
A tan3x = +
cos3x.cos? (x + A X)
sin A x.sin(2x + A 2)
A cot'x = m g7 - — F~
sin“x. sur (x + A X
V1. Differentials of trigonometrical lines.
dsinx = + dx.cosx
d cosx — — dx.sinx
dt dx
anx — +
cos" X
d x
dcotx = — |
sin' x
dsin3x = +2dx.sinx.cosx

d cos3x =\ — 2d x.sinx. cos x

2dx.tan x

d tan3x =

CO0s-X

2dx.cotx
d “ot3:r
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VIlI. General analytical expressions for the sitles and

angles of any spherical triangle.

1 cosS = cosA .sinS'.sinS" + cos S'.cos S"
2 cosS' = cos A'.sin S".sin S + cos S".cos S
3 cos S" = cos A".sin S .sin S' + cos S .cos S'
4 cosA = cos S .sinA'.sin A" —cosA'.cos A"
5 cosA' = cos S'.sinA".sin A — cos A", cos A
6 cos A" = cos S".sin A .sin A' — cos A .cos A’
7 cosS .cosA'= cotS".sin S —sin A' .cot A"
8 cos S' .cos A"= cotS .sin'S' —sin A".cotA
9 cosS",cosA = cotS'.sin S" — sin A .cotA'
sinA _ SinA' _ sin A"
® sinS ~ sin S sin S"

11 sint(S'+ S) :sin\(S'—S) ::coti A":tan\ (A'—A)
12 cos\(S'+ S) :cos§(S'— S)::cot§A":tan \ (A'-fA)
13 sini(A'+ A):sin\{A —A)::tan£S" :tani(S f—S)

14 cosi (A'-f-A) :cos\(A'—A)::tan\ S":tan\ (S'+ S)

In these formuise A, A', A", dénoté the several angles of
the triangle; and S, S', S", the sides opposite those angles
respectively. For the more convenient computation of
the formula;"No. 1— 9, certain auxiliary angles are in-
troduced, which will be alluded to in the formula; for the
solution of the several cases of oblique-angled spherical

triangles.
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YIIl. Solutions of the cases of
triangjes.
Given. Requihed.
Hypothen. side op. giv. ang.
and side adj. giv. ang.
an angle the otlier angle
TT X f the other side 4
Hypothen.
and ang. adj. giv. side 5
a side ! . .
(_ang. op. giv. side 6
f the hypothen. 7
A side and
the an<de ’I\the other side 8
opposite | tlle other angle 9
A side and ! the hypothen. 10
the angle i the other siue 11
|
adjacent Ltlie other angle 12
The two fthe hyP°lhen- 13
sides
gle 14
the hypothen. 15
The two
angles
a side 16

r/g'/iZ-angled spherieal

Solution.

1 sinv# = sinh.s:na

2 tan# = tan /i.cos a

3 cot# = cosh tan a

cosx —tan s.cot h
i sin s
sin x = |
sin h
_sins 1 8
sina I »
. o
sin x : :tan s.cota V g,

sin x :co_s_a I|i
cos s J S

cot# = cos«.cot,s
tanx = tana.sins

cos# = sina.oos s

cos.r = rectang. cos. of
the giv. sides
cot# = sin. adj. side X

cot. op. side

cos X = rcctang. cot. of
the given*angles
cos. opp. ang.
sin adj. ang.

Cos X

In tliese formulae, x dénotés the quantity sought.

a — the giveti angle

s = the given sile

h — the hypothenu.se.
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IX. Solutions of the cases of W&ique-angled splierical

triangles.

Given, Two sides and an angle opposite onc o f them.

llequired, 1°. The angle opposite the other given side.

ISJ._'lxXI~"i~S'in' side op. ang. souglit x sin. giv. ang.
sin.Ejde oppos given angle

Required, 2°. The angle included hetvveen the given ades.

cota' = tan. giv. ang. x cos. adj. side
" cos a' x tan. side adj. giv. ang.
cosa” = -2 -
tan. side op. grv'Ctt angle
x — (al+ a"

Required, 3°. The third side.

tan a' — cos. giv. ang. x tan. adj. side

cos aj x cos. side op. giv. ang.

cosa" = — J—, — ., - R tgo- - %
cos. sicle adj. given angle

x = («' + a"

In these formulat, a dénotas the quantity souglit : aland
allare auxiliary angles introduced for the purpose of facili-
tating the computations.

The angle souglit in formula 1is, in certain cases, arn-
biguous. In tli'etformule 2 and 3, wlien tlie angles oppo-
site to the given sides are of the Senne specics, we must
take the wpper sign : on the contrafy, the lower sign. The
wholc of these formulae therefore are, in certain cases, ara-

biguous.
[continued.



80 Fwmuhe.

IX . continuée!. Solutions of the cases of oblique-angletl
spherical triangles.

GiveN, Two angles and a side opposite one qf them.

Requircd, 4°. The side opposite the other given angle.

. sin. ang. op. side sought x sin. giv. side
SINX = —mmmiemetie

sm. ang. op. given suie

Requircd, 5°. The side included between the given angles.

tan al = tan. gbT side x cos. ang. adj. giv. side
sin alx tan. ang. adi. giv. side
sma" = -t — g _Jg:c —
tan. ang. op. given side

X = (a'+ a")

Required, 6°. The third angle.

cota' = cos given side x tan adj. angle
it s*n a' x cos- aog- op. giv. side
cos. ang. adj. given side

x = (al1+ a'})

In tliese formuleae, x dénotés the quantity sought « aland
a" are auxiliary angles introduced for the purpose of facili-
tating tlie computations.

The side sought in formula 4 is, in certain cases, am-
biguous. In the formule 5 and 6, when the sides oppo-
site the given angles are of the same species, we rnust
take the upper sign : on the contrary, the lawer sign. The
whole of these formulee tlierefore are, m certain cases, am-
biguous.

[continued.
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IX . continued. Solutions of the cases of oblique-angled
spherical triangles.

Given, Two sides and the included angle

llequired, 7°. One of the other angles.

tan «' = cos given angle x tan given sitie

all= the base — a!
) . sin a'
tan X = tan given angle x — w
In this formula, the given siae is assumed to be the
side opposite the angle sought: the other known

side is called the base.

llequired, 8°. The thir.pl side.

tan a' = cos given angle x tan given side
a" = thé base a
i L. cos a"
cos# = cos given side x

cos a’

In this formula, either of the given sides may be as-

sumed as llic huse: and the other, as the given side.

In these formulas, x dénotés the quantity sought: a! and
al” are auxiliary angles introduced for the purpose of facili-
tating the computations.

I f the side sought in formula 8 be small, the formula
may not give the value to a sufficient degree of accuracy :
and some other mode must be adopted for obtaining the

correct value.

M [continued.
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IX. continued. Solutions of the cases of oblique-angled
spherical triangles.

GIVEN, A side and the two adjacent angles.

JRequired, 9°. One of tlie other sides.

cot a' — tan given angle X cos given side

a" = the vertical angle a'
cos al

tanx = tan g.yen s.de X
cos a"

In this formula, the angle, opposite the side sought,
is assumed as the given angle: the other known
angle is called the vertical angle.

Pcquired, 10°. The third angle.

cot al — tan given angle X cos given side
a'l = the vertical angle — a'
A . sin a"
cos x = cos given angle x — |
sin a

In this formula, either of the given angles may be
assumed as the vertical angle: and the other as the
given angle.

In these formulas, x dénotés the quantity sought: a' and
a" are auxiliary angles introduced for the purpose of facili
tating the computations.

| f the angle sought in formula 10 be small, the formula
may not give the value to a sufficient degree of accuracy :
and some other mode must be adopted for obtaining the

correct value.
[continued.
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IX. continuée!. Solutions of tlie cases of oblique-angled

spherical triangles.
Given, The three sides.

Required, 11°. An angle.

. A + B + &£\ s/a + fA++cB + C \
Sl (---—---- BJ xsm [-——- cJ
sinut- x = . i
sinB .sinC
fA + B + G\ . /A + B+ C A
SIA [ ----—--- I X 3 ------- L Aj
cos3i X

sinB .sinC

In these formule, A, B, C are the three sides of the tri-
angle: andAis assumed as the side opposite to the angle
required.

Given, The three angles.

Required, 12°. A side.

/« + b+ c\ ta + b+ ¢ \
Cos: ( ) X cos(- a)
sin9Ad = — . .
sinb . sinc
CORAN =

In these formulee, a, b, ¢ are the three angles of the
triangle : and a is assumed as the angle opposite to the
side required.

In these formulee, x dénotés the quantity sought. The
formulee,which are resolved by the cosinc, are iised only
when the angle or side x is small.

M 2
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X . Trigonometrical sériés.

sin X —x — _-—— P —e—— &c.
2.32 3 4.5

- X2 X* X6 "
2 cos»=l - T + aT3~"-2.5.1.5.6 + 8IC-

A 2ab 17 a7
+ + N -y

I a ; ar* 2 a5 0
4 cotx — — — 3775 j SVsT 7*“ &C*

5 veBm x = - &c.

6 * = gln* sin3B 1.3 sin5x +&C.

T cos3a; 1.3 cosbg; H
*=Y-cos™N- -27s---27475--—-
X = tan,r — i tan3x + | tan5x — &c.

In the sériés No. 7 ,# dénotés the periphery of the circle,
or 3-14159265.



sin 0
sin x
sin 2x
sin 3x
sin 4#

&c.

cos O
cos X
cos 2#
cos 3x
cos 4#

&c.

tan x

tan 2x

tan 3x

tan 4#

&c.

Formulce. 85

X 1. Multiple arcs.

0

sin x

2 sin X. cos X

2 sinx .cos 2# + sin#
2 sin X.cos SX + sin 2x

&c. &c.

1

cos X

2cosx.cos# - 1

2 COS X. COS 2X — CO0S X
2 cos X .cos 3X — cos 2x

&c. &cC.

tan x

2 tan &
1 — tan2x

tan x + tan 2x
1 — tan #.tan 2x

tan x + tan Sx
1 — tan x .tan Sx

&cC. &c.
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X 11. For computing the Longitude, Right Ascension and
Déclination of the Sun; any one of those quantifies, to-
getfier with the Obliquity of the ecliptic, being given. Also

for computing the angle of Position.

. sin D
1 sin O = —-—--
sin au
2 cot O = cos eu.cotAl
sin Al = coteutan D
tan Al = coseu.tan O
sinD = sineusin®©
tanD = taneusin Al
” cos ©
7 CcosAl = -—-
cos D
sinp = sineucos Al
tanp = taneucosO©

= the Longitude
= tlie Right Ascension
the Déclination : (minus when South)

= the Obliquity of the ecliptic

'OEUJ_>@
Il

= the angle of Position
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X 11l. For computing the Longitude and Latitude of the
Moon or a Star (the Obliquity of the ecliptic bemg given)
from the Riglit Ascension and Déclination : and vice versa.
Also for computing the angle of Position.

Make tan a = sinvR.cotD
T sin (« + <<>)
1 tanlL = tan Al
sin a
2 tanl — cot (a -f aisinL
L cos la + ai) .
3 sml = sin D~
cos a
4 sinL = tan(a + aitanl
Makecota = sinL .cotl
cos (a -fa)™ T
5 tan .= - tan L
cos a
6 tanD = tan [a + ai)sin A
. sinfa + ai). .
7 smD = ] sm |
sin a
8 sinfE.= cot(a f ai) tan D
sin ai.cos /R sin ai.cos L
9 smy = - = s
1 cos | cos D
L = the Longitude

I = the Latitude

AE, = the Riglit Ascension

D = the Déclination : (minus when South)
a

i =j the Obliquity of the ecliptic

N
\Y
1]

the angle of Position
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X 1V. For computing the Azimutli, angle of Variation and
Zenith distance of a star ; the Co-latitude of the place, the
north-polar distance of the star and its hour angle at the

Péle, being given.

tani (A + V)

tana (A — V)

6(A + V) —§(A — V)=V

i (A + V)+ i (A - V)= A

. sm A .
sm?’z—?—xsmp
sm A

A = the Azimutli, reckoned from the north : which must
be subtracted from 180°, if reckoned from the south.
V = the angle of Variation
Z = the Zenith distance
= the hour angle of the star, at the Pote
= the Co-latitude of the place
A =: the North-polar distance of the star
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XV. For computing the hour angle at the Pé6le: the
Latitude of the place, and the Déclination and Zenith

distance of the sun, or star, being given.

sme\ = - - 7 A
cosL .cosD

A + P = the sidereal time of observation

If we assume Z = 90°, we shall have the expression for
the semi-diurnal a.r, equal to

cosP = —ranD .tanlL

exclusive of the effect caused by parallax and refraction.

L = the Latitude of the place
= the apparent Déclination : (minus when South)

Z = the observed Zenith distance, corrected for parallax
and refraction

P = the hour angle at the Pdle : plus, when the observa-
tion is made to the West of the meridian; minus,
when east. In the expression for the semi-diurnal
arc, P is négative (and consequently greater than
90°) when the déclination and latitude are both on
the same side of the equator

AE, = the apparent Right Ascension of the sun or star;

increased by 211ifnecessary

N
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X V1. For computing the liorary angle at the Pé6le, and
the Zenith distance of a star when on the Prime vertical,
togetlier with its Déclination, and the Latitude of the place :

any two of those quantifies being given.
1 cosP = cotL .tanD
2 sin'P = -

3 cotP = cosL .cotz

4 sinZ = iin P .coiD
\ sin D
5 cosL— —=
sin L

6 tanZ = coslL .tanP

7 cosL = cotP .tan Z
.. X ,sin D

S sinL = --——--

cos Z

9 <cotL = cosP .cotD

In tliese cases, the star must be on the same side of the
equator as the observer: and its déclination must not
exceed the latitude of the place.

W hen the déclination of the star exceeds the latitude of
the place, we shall have, at the moment when the vertical
becomes a tangent to the circle of déclination,

10 cosP = tanL .cotD
sin L
iD

11 cosZz

the Zenith distance of the star

the horarv angle of the star at the Pdle

the Déclination of the star

— U v N
I

= the Latitude of the place
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X VIl. For computing the effect of Btmospheric Refraction.

1 r=«.tan(Z— br)

2 r —-99918827 X c.tanZ — -001105603 x c.tan3Z

In these formulee, Z dénotés the apparent Zenith dis-
tance; and r is the Refraction required: a, b, c are con-
stants, to be determined from observations.

No. 1 is Bradley's formula, who assumed a — 57" and
5= 3. Dr. Brinkley lias proposed a= 56",9 and b= 3'2:
but Mr. Groombridge prefers a = ,58",133 and b = 3-634*.

No. 2 is Laplace’s formula, reduced to its most simple
termS. In the formation of the Frencli Tables of refraction,
c is assumed equal to 60",616; but M. Laplace lias since
proposed 60",66. This latter formula will not give the
correct values for greater zénith distances manl 7° : at
lower altitudes tliose Tables, as vieil as most others, are
computed from more complex formidee.

In the computation of Tables of refraction, ameaii tem-
pérature and a mean pressure of the atmosphere are as-
sumed. Let j3dénoté the height of the barometer, t the
heiglit of the thermometer (Fahr.) attached tliereto, and t
the heiglit of the thermometer in the air, which are as-
sumed in the formation of the tables. Then, for any other
height (/3) of the barometer, and for any other height (t")
and (if) of the thermometers, we have the follovving ex-
pression, by wliich the mean réfraction must be multiplied,
in order to obtain the true refraction : viz.

3 1 1
/A3 X 1+ -0020833 (t1- t) X 1 f -000i (r' - r)
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XV I1Il. For computing the correction in time, to be ap-
plied as an Equation to the mean of the times of observed
Equal Altitudes of the sun: in order to obtam the time of

its méridional passage.

S T F tanD tan L \
X~ 481 X SOVUNi 717 _ sin7\TJ

= S.tan D yyyQtan 7i ~ 8-tan L "PYyTT

Mak . .
ake 1514Osm7ll

T
l144Gtan 7B = B

X = + A.8.tanL + B.S.tan D

T = the interval of Time between the observations, ex-

pressed in hours

L = the Latitude of the place ofobservation: [minus, when
South)
D = the Déclination, at the time of noon, on the given

day: {minus, when South)

S s= the double daily variation in the déclination, deduced
from the noon of the preceding day to the noon of
the fbllowing day : {minus, when the sun is proceed-
ing towards the South)

X sa the required correction, in seconds : where A is to be
minus when the time of noon is required ; and plus

when the tune of midnight is required.
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X 1X. For computing the correction for the Réduction to
the Meridian ; or the correction to be applied to the Zenith
distancée} observed near the meridian, in order to obtain

the true méridional Zenith distance.

2sin2AP coslL.cosD asiiRiP FcosL.cosD\3 T -...

sin 1" sin(L DT*-3 arv fe -11)) 1
2sin9J P _ . 2 sin45 P
Make - = A
sm 1" sm 1"

. coslL.cosD ‘cosL.cosDV
-= —A X 7{_ t=tc+ B x| — AT
aiii(L —D Vsm (L —D)J

xcot(L —D)
\
W hen the sun is the object observed, we must apply the

following addiiional correction,

E - W
S X

P = the correct horary angle of the star at the Pdle, as
shown by a well regulated clock ; which angle will
change its sign after the méridional passage of the
star

L = the Latitude of the place

D = the Déclination of the star : (minus when South)

S = the change of déclination in one minute of time:
{minus, when decreasing)

E = the sum of the horary angles observedto the East ;&

W = thesum of the horary angles observedto theWest
of the meridian

n = the Number of tliose observations

X = the required correction, in seconds
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X X . Foi- computing the correction for the Réduction to
the Solstice ; or the correction to be applied to the décli-
nation observed on days near the solstice, in order to dé-

termine the obliquity of the ecliptic from observation.

1 x= 2sin55fZA&..cosD x 4m
| 2 sm 1"

2
(3600)9sin 1" tan au
3 X=
2
(1 + 3tan9ey S
(1+30 tan9au+ 45 taid eu) 8
In which latter équation, if we make au= 23°. 27'. 40" we

have

X = 13",634693—0",000*41699 S*+ 0",000000028984-77 S

and the variation, on account of the diminution of every 1"

in the obliquity of the ecliptic, will be

sin 2»
. - x= — -0000132748 x
sin 2 eu
fi/£. = the distance of the sun’s true Right Ascension, from

the solstice, at the time of observation, converted
into degrees

8 = the distance of the sun’s true longitude, at the same
time, converted also into degrees, and décimal
parts of a degree

D = the observed Déclination corrected for refrac-
tion, &c.

a1 = the Obliquity of the ecliptic

1 1= the required correct'on, in seconds
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X X 1. For computing the Angle of the Vertical; or the
angle wliicli shoukl be deducted from the latitude of the

place, in order to obtain the recluccd latitude on a spheroid.

Make a — _ = y--—--—- = — nearl
c y J

X — aﬂ,x stz M _#F_E x sina L
sml sin 2'

a . t .
= — X sin 2L, very nearl
sn 1 y nearly

X X 1l1. For computing the horizontal Parallaxof the Moon
at any given latitude of the earth, considered as a spheroid :

the horizontal parallax at the equator being given.

2>= P (1—a.sin2L + ~ x a2,sin3L .cos2L)

= P (1 — a.sin2L) very nearly.

The quantity, within the parentliesis, dénotés the radius
of the earth at the g’ven latitude ; or the distance from the
centr~of the earth to that point on the ejulh’s surface : the

radius at the equator being considered as unity.

—= the Compression of the earth; or the quantity by
which the équatorial diameter (considered as unity)
exceeds the polar

= the Latitude of the place
— the required Angle

L
X
P = the horizontal Parallax at the equator
p

= the required horizontal Parallax at the place
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X X 1Il. For computing the Moon’s parallax in Altitude.

1 sinn = sinp.sin(Z + %) or
% =mp .sin (Z + %) very nearly

. sm p.sin Z
3 tariT = ——r- maT

1 or
1 — sinp.cos Z

sinp.sinZ tsin3?).sin2Z t sin3/).su.3Z | Q"
sin 1" d sin 2" oA EI%T‘%:‘ I &c*

very nearly.

W hen the apparent zénith distance (as affected by paral-
lax) is known, we must make use of tlie' formula 1 or 2.
But, when we know only the truc zénith distance, we must
adopt the formula 3 or 4.

The zénith distance on the meridiau is = (L — D).

p — the horizontal Parallax at the place
Z = the true Zenith distance of the moon
(Z 4 %) — the apparent Zenith distance of the moon, as
affected by parallax

v — the required Parallax
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X XI1V. Eor computing tlie longitude and co-latitude of
tlie Zenith : or (as it is frequently termed) tlie longitude

and altitude of the Nonagesimal-

Make tan a = sin S.cotL

. cos (a + . T

1 cosA = ( El“l.sin L
cos a

2 sinN = tan(a + a)cotA

sin (a + ~No

3 tan N = --—-\( d tan §

sin a

4 cotA = cot(a+ a)sinN

When S is between 80° and 100°, or between 260° and
280°, the équations 3 and 4 will be the most proper for

use.

S = the Sidereal Time ofobservation : or the Right Ascen-
sion of the meridian, converted into degrees

L = the reduced Latitude of the place of observation : de-
duced from Formula X X I.

al= the Obliquity of the ecliptic

N = the required longitude of the zénith, or of the Nona-
gesimal

A = the required co-latitude of the zénith, or Altitude of

the nonagesimal
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X XV. For computing the Moon’s parallax in Longitude

and Latitude.

1°. In Longitude.

sinfi. sin A

Make a =
cos A
w2 a.sin(T — N
1 tann = (—— L .
l1—a.cos(1T —N)
_ a.sin(D—N) 9 .sin2 (1 -H»)
sin 1" _sin2"
a3,;sin3(1 —N) 0
* shia" * &
2°. In Latitude.
Make coib = ?P31? ~ N + j Pi U
cos ™ n
_ sinp.cosA
e = - Lo
sm b
c.sin (b — a)
8 tanot = -

| — c.cos (b—A)

_ c.sin(b—a) &sinjg(l>—A) Bsiiigli—A)
— sin V' sin 2" sin 3" cC

1 = the true longitude of the Moon

N = the longitude of the zénith, or the Nonagesimal

A = the co-lat. of the zénithjor the Altitude of flrc nonag.
A = the Latitude of the moon: [minus, when South)

p = the horizontal Parallax at the place, by Form. X X I1.
n = the required Parallax in longitude

= the required Parallax in latitude
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XXVI. For computing tlie Moon’'s parallax in llight

Ascension.

., sinp.cos L
Make a = — -
cos

sinn = a.sin(P + n)

H — P-tosl. xI~/p Jn) very nearly
\"

cos D J
tanU — rt.sinP
1— a.cosP
«.sinP <P.sin 2 P «s.sin3P
n _ sinl" sin 2" sin 3" + LG

W hen the apparent hour angle (as affected by parallax)

is known, we must make use of the équation 1 or 2. But,

when we know only P, we must adopt the équation 3 or 4.

P = the true horary angle at the Pdle, or the true horary
distance of the moon from the meridian

L = the rcduced Latitude of the place of observation, by
Formula X X I.

D 1= the true Déclination of the moon: [minus, when
South)

p = the horizontal Parallax ai theplace, by Form X X I1.

the required Parallax in right, ascension
o2
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X XVIl. For computing tlie Moon's pavallax in Déclina-
tion,
Make cotZz> = — *n)cotlL
cosi n
sinp.sinL
C = —-"=-7T—
sin

\ sinto = e.cos (D + b —to)

Ti.sinL N\ . \
~ —sinb x cos” very nearly

e.sin (@ — D)
1—c.cos(z—D)

3 tanto =

c.sin(Z>—D) c9sin2@Z—D) casin3(S—D)

= A + — ffifgf-  + - STsr— '+ **

W hen the apparent déclination (as affected by paraliax)
is known, we must make use of tlie équation 1 or 2. But,

when D only is known, we must adopt the équation 3 or 4.

P = the true horary angle at the Pole
L = the reduccd Latiiude of the place of observation, by
Formula X X I.
D = the true Déclination of the moon : [minus, when
South)
p = the horizontal Paraliax at the place, by Forai. X X I1I.
Il = the Paraliax in right ascension, by Forni, X XV I.

to = the required Paraliax in déclination
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XXV Ill. For computing the Augmentation of the Moon’s
semidiameter, on account of her altitude above the horizon :
or the correction to be applied to her true semidiameter,

in order to obtain her apparent semidiameter.

1 X =Z s%(‘000017767 sin A) + - (-000017767 sin A)9

5
2 X — s.sin-sr.cot(b —X) — — sin9m

In neither of these équations will the second term ever
exceed 0",15. And in the first équation, in lieu of the
second terni, we may always assume it equal to the first
term, mulnplied by ‘008379 sin A, without the risk of an
error amounting to the Ti Tith part of a second.

s = the trug Semidiameter of the moon

A = the apparent Altitude of the moon
in équation 2, the Parallax in Latitude
in équation 3, the Parallax in Déclination
X — the correction required
(b — X) is determined by Formula XX V.
{h — D) is determined by Formula X XV II.
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X X 1X . For computing tlie apparent distance between tlie
centre of the Moon and of tlie sun, or a star, when near

her.

ixr . m cos A(th + s)
Make tan « = (M S) x o
\ m'Hs

m_ 2« =3s

COS «

M = theapparentlongitude of the Moon

S = theapparentlongitude of the Sun or Star
m = theapparentlatitude of the Moon

s = theapparentlatitude of the Sun or Star

d = the required apparent Distance of the centres

If we substitute the apparent Right Ascension and Dé-
clination, for the appareil) Longitude and Latitude re-
spectively, the formula will still give the correct value
of d.
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X X X For computing the true place of the Moon by

means of the équation of Second and iThird -IEiilercnces.

Sériés. Ist Diff. 2d Diff. 3d Diff.

M
Al

M " 0]
A"

M d'
A

M iv

NedWeE hA"F 22fs % BIRfiU 218)iB)5 24) §

M', M", M"™, M iv = the place of the Moon (in Longitude
or Latitude, Riglit Ascension or Dé-
cimation) at four successive equal in-
tervais, of 12 hours each, as shown
by the ephemerisi and taken out so
that the required place, M, may fall
between M" and M™

A', A", a"l= the successive Différences between
those values
d', d" = the successive Différences between
those first différences
8 = the Différence between those second
différences
h = the number of Hours from the time,
for which M" is computed

M = the required place of the Moon
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X X X 1. For computing the Annual Precession of the
Equinoxes in Longitude, Right Ascension and Déclination.
Also for computing the mean Obliquity of the Ecliptic,

for any given year.

P = 50",340499 —0",0002435890 x y
2j= 50",176068 +0",0002442966 X y
m= 45",99592 +0",0003086450 xy
n= 20",05039 —0",0000970204 xy
fu= 0",17926 -0",0005320798 x.ij
a= 23°.28'.18"0

©+ aco = 23°.28'.18",0+ 0",0000098423 Xy 1

co+du/ = 23°.28'.18",0—0",48368 xy-0",00000272295 X/

Annual Prec. in Al = m + w.sin Al. tan D
Annual Prec. in D = n.cos Ah
P = tlie annual hmisolar Precession in longitude
p — the annual général Precession in longitude

tu= the mean Obliquity of the ecliptic in 1750

dco = the variation of the angle of theJiaeed ecliptic

du/ = the variation of tlie angle of the moveable ecliptic

m = (P.cos au—(u) = the constant of the ann. prec. in Al
n = (P.sinw) = the constant of the ann. prec. in D

Al =4 the Right Ascension of the star

D = the Déclination of the star

y = tlie Years from 1750: plus after, négative before
fu = the annual Motion of the equinoctial points along

the equator
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X X X 1l. For computing tlie Nutation of tlie Obliquity of
the Echptic, and of tlie Equinoxes in Longitude. Also for

computing the Mass of the Moon.

Aco= [ + 9",648 cos 0",09423 cos2Sh+ 0"ffi39 cos2J] (1 + 2)

+ (0",49333— 1",2452 x z)sin2©

AL=[-18",0377sin& + 0f,21707sin2&-0",21632sin2 5] (1+2z)

—(1",13645—2";8686 X»)sin20

1+ 2
69-2376 — 178-2918 x s

Mass of the Moon =

If we make z = 0, we shall have the values as deter-
mined by M. Laplace in the Méchanique Céleste. But the
recent déterminations of Dr. Brinkley warrant the assump-
tion ofs = — -04125. Whence

+ 9",250c0s& —0',090cos2ft+ 0",545c0s20 + 0",090co0s2 J

—17",298sina+ 0",208sin2ft— 1",255sin20 — 0",207sin2 5

Mass of the Moon = 79.g88

£1 = the mean longitude of the moon’s Node

j) — the true longitude of the Moon

O d the true longitude of the Sun

z = a quantity to be determined from observation

Am = the required Nutation of the Obliquity

AL = tlie required Nutation of Longitudg : which is found
by multiplying the first term of Acu by 2cot2m
and the remaining terms by cot @ then changing the
signs of the quantifies, and converti:ig the cosines
into sines.
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X XX 1Il. For computing the Lunar and Solar Nutation
of a star, in Right Ascension and Déclination

N ut. Al = AL(cos«j+ sineysin Z,.tan D ) — Acu. cos 2R .tari D

Nut. D = AL.sineu.cos A. + Aeu.sin A&

By assuming eu= 23°. 27'. 40", and the values of Aeu and

AL as determined in Formula X X X Il, we have

Nut. A& = - (15",868 + 6",887 siniR.tan D) sin &
— 9",250 cos A ,.tan D .cos £2

+ (0",191 + 0",083 sin A£..tan D) sin 2 &
+ 0",090 cos A,.tan D .cos 2 £,

— (I",151 + 0",500sin A£..tan D) sin2 Q
— 0",545 cos A ..tan D.cos 2 Q

— (0",190+0",082 sin &£..tan D) sin2 D
— 0",090 cos A£..tan D.cos 2 J

Nut.D = + 9",250sin A£..cos ££ — 6",887 cos A .. sin
— 0",090sin A£..cos2 %, + 0",083 cos &£ .sin2
+ 0",545 sin Z££,.cos~O — 0",500 cos £ ..sin 2Q
+ 0",090 sin A££..cos 2 ) — 0",082 cos 4. .isin2 5

au= the Obliquity of the ecliptic
Acu — the nutation ofthe oblig. of Ecliptic
AL = the nutation in Longitude
/. = the Right Ascension of the star

D = the Déclination of the star: [minus when South)

= the mean longitude of the moon’s Node
O = the true longitude of the Sun
J) the true longitude of the Moon



Formula\ 107

XX XIV. For computing tlie Aberration of a starin Lon-
gitude and Latitude; and in Right Ascension andDécli-
nation.

Aber.inLon.= — A .cos (© —L ).secl
Aber.inLat. = — A .sin(© —L ).sinl
Aber. in £ ,= —A(siniR.sin© + cosw.cos/Z ..cos©)secD
Aber. in D = —A(cos/A ..sin®© —co0s<o0.sinA ,.cos©)sinD

—A .sinw.cos© . cosD

If we assume A = 20",36, and @@= 23°. 27'. 40", we have

Aber.iR = —(20",36 sin./R.sin© + 18",677 cosAL cos©)secD

Aber. D = — (20",36co0siR.0nNnQ —18",677 sinrR.co0s®) sinD
— 8",106 cos© ,cos D

0",309 cos ffi.cos P.sec D

. .. frRrR
Diurnal Aber. ni7 in . .
D 0",309 cos p.sm P.sinD

© = the true longitude of the Sun

L = the Longitude of the star
I = the Latitude of the star : (minus when South)

JR = the Right Ascension of the star

D = the Déclination of the star : (minus when South)
to = the Obliquity of the ecliptic

A = the constant of Aberration : which has been usually

assumed equal to 20",255 ; but more recently = 20",36
$= the Latitude of the place
P = the hour angle at the Péle
r 2
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XX XV . For computing the corrections to be applied to
the observed transit of a star on account of the error of the
Clock, and on account of the tbree principal errors of the
transit instrument, in Azimuth, in the Inclination of the
axis, and in Collimation ; in order to obtain the correct
apparent lliglit Ascension.

M - (Jt-1 + d=*> + 1. £2ir=i> + «
\Y cos S COs 0 COSs 0
T = the observed Time of transit, as shown by the clock

di! = the correction for the error of the Clock : plus when

the clock is too slow

= the Latitude of the place

@
1

the Déclination of the star: plus when Nortli, and
minus when South, for the upper culminations ;
and vice versa for the lower culminations
a — the déviation of the telescope in Azimuth : plus,
when (pointing to the south) the vertical which it
describes falls to the east; and minus, when it falls
to the west: and vice versa when pointing to the
north
b = the Bias or inclination of the axis of the telescope :
plus, when the west end of the axis is too high
c = the error in Collimation : plus, when the vertical, de-
scribed by the optical axis of the telescope (pointing
to the soutlr), falls to the east; and minus, when it
falls to the west: and vice versa when pointing to
the north
AE. = the apparent Riglit Ascension required
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X XXVI1. For computing tlie value (in time) of the co-

efficients a, b, ¢, in the prececling Formula.

[(W+tw') — (e+ e")J

where wland é dénoté respeetively the values of ta and e, after
revcrsing the level.

c — g (t—t)cosD + g (b'—b) cos @1—D)

d
w =
e
D

where t and V dénoté respeetively the values of t and b, after
revcrsing the instrument.

By observations of a circumpolar star,

12h—(T'—T) e.cos(4-D )-6'.cos(4+ D)+ 2c
2cos4.tanD ' 2 cos 4.sinD
where T' and V dénoté respeetively the values of T and b, at

the lower culmination.

By observations of a high and low star,

where T', dt' and 3' dénote respeetively the values of T, A&
and 3 of the second star observed.

the value of each Division oflevel, in seconds of space
the inclination of the level to the West

tlie inclination of the level to the East

— the Defclination of the circumpolar star

t — the time oftheTransit ofthe circumpolar star, deduced

from an obs. at a given side wire of the instrument.

The other quantities are the same as in Formula X X X V.

The values of a and ¢, when once determined, may be

afterwards re-examined and corrected by means ofa well

divided meridian mark. |If the level of the axis be well ad-

justed, the quantities depending 0Ol1 b and V may be safely

neglected.
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XXXV Il. For computing the Latitude of a place, from
observations of the altitude of a star near the pdle, at any
time of the day.

Make tana = tan A .cos P

. X cos

. « - A
sm(a + «), = cosk X sm A

P= @+ a)—a

For ajixed observatory, we have

A9
= A — A.cos P + — .sin3P.tan

A3 . A3 .
r .Sin9P . cos P. tan9¢9p+ — .sin9P .cos P
o]

Make a — — A.cos P
3= + A9sin9P .tan p.-g-sinl"
y = -f (gcot£ + tan<p)sinl”

p= A-fa+ B+ «3y

As the latitude is always supposed to be very nearly
known in a fixed observatory, this sériés will be found very
convenient; in as mucli as not only y, but also the multi-
plier (tan €9Jsin 1"), may be considered as constant quan-

tities.

A — the apparent north polar Distance of the star
P = the correct liour angle at the Pdle
A = the observed Altitude, corrected for réfraction

t = the Latitude required
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XXXVIIl. For computing the Différence in the Heights

of two places, by means of the Barometer.

,r=c£l + —64°)n"I x £1 + |g.cos2<pd x £1 +

X[ +M73'log/3Ti+ (t-t")»»] + 7+h x2M]

By expanding the last terni, agreeably to the method
adopted by M. Biot, and assuming the numerical values

for the several quantities as below, we have
X - 60345-51 x £1+-00111111 + — J
X107~ 0f[] X 1+.0001 (t- t')] X [ 1+ ,0°2695 C0S27?]

c = a Constant determined by observation ; and which is
here assumed equal to 60158-53 English feet

g = theincr. of Grav. from equator to the pdles, = -00539
f = the latitude of the Place

(3 = the height of the Barometer "

t = the Température (Falir.) of the mercury Vatgtt:'gtilé)%/\’/er
/3 = the height of the Barometer ")

r' — the Température (Fahr.)of the mercury flatgtigtigﬁper
t' = the Température (Fahr.) of the air J

a = the expansion of rnoist Air for 1° Fahr. = -0022222
m = the expansion of Mercury for 1° Fahr. = -0001001
r = Radius of the earth at : assumed = 20898240 feet
h = the Height of the lower station above the level of the

sea: assumed = 4000 feet

M = the Modulas of the common logarithms = -434294

X — the Différence required, in English feet
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X X XI1X. For computing the increase of Gravity from
the equator to the pdles, and thence the Compression of
the earth, from the différence in the lengths of two iso-

chronous Pendulums, at différent latitudes.

P = wus+ (n — ct) sin9L = ue( I+
p = O+ (n — ot) sin91= ut(1+ g.sin2
P P
(n ut) sin(L —1).sin
n —ut P —p
but ~ p.sin9L — P. sin9/
1 I'f_ _a
c 2 g
If we assume f — we have
J 289
578
— = '00865052 —¢g and ¢ = _---—--
c 5—-578 xg
f — the ratio of the centrifugal Force at the equator, to

the force of gravity there
L = the Latitude of the place farthest from the equator

| = the Latitude of the place nearest to theequator

P = thelength of the Pendulum at the latitude L
p = the length of the Pendulum at the latitude |
n = tlie length of the Pendulum at the podle
mn— the lengtli of the Pendulum at the equator
g — the required increase of Gravity

— = the required Compression of the earth
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XL. For compiuing the increase of Gravity from the
equator to the pbles*: and thence the Compression of the
earth, from the différence in the number of Vibrations
made in equal times, by an invariable pendulum, at dif-
férent latitudes.

— N X sin(L —£).sin (L py ~ ,sin

n = —N X g.9M(L —1).sin(L /) x (1 —g.siirz)

N = the Number of vibrations in a day, made by the in-
variable pendulum, at a given latitude |

n = the adJitional Number of vibrations in a day, made
by the same pendulum, and in the same time, at

any other latitude L, greater than |
g — the required increase of Gravity. The last term in
this équation will never exceed '00003

The other quanaties are the same asin Formula X X X I X .
and the Compression is found in a similar manner.

In ail these cases it is presumed that the vibrations of the
pendulum are made at a given température, and at a given
height of the barometer; that the arc clescribed by the
pendulum is infmitely small : and that the experiments are
made in vacuo and at the level of the sea. Or that tliey
are reduced to theseJTseveral standards, by certain known
methods of réduction, which will be explained in the next

Formula
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X LI. For computing the corrections to be applied to the
number ofvibrations of an invariable pendulum, on account
of the amplitude of the Arc, the Rate of the clock, the Ex-
pansion of the pendulum, the pressure of the Atmospheére,
and the Height of the place above the level of the sea.

for Arc - + N ?hi (Af-n).sm (A -a)
+ fajEflo”~irA”-logsin a)
for Rate = + N.-— — -
86400" + 2
for Expan. = + N .~e(/'—5)
for Atm. = + ,0-_ XTT«2<k(7=7) X
‘g ' 1

1+ -0001 {r'-t}
for Height = + N.g- x X

N = the Numb. of vibrations in 24h, as sliown by the clock
A = the semi-Arc of vibration at the commencement

a = the semi-Arc of vibration at the end
M = the logarithmic Modulus = 2-302585093

r = the Rate of the clock minus, if losing

B = the heightof the Barometer ) assumed as standards
t = the Temp. (Fahr.) of the air J for the spécifie gravity
0= the Temp. (Fahr.) assumed as a standard for the pend.
(y = the height of the Barometer

t{ = the Température of the air during the vibrations
tl= the Temp. of the mercury

G = the spec. Grav. of the pend. ' compared with water
g = the spécifie Grav. of the air J considered as unity

h = the Fleight of the place, above the level of the sea

R = the Radius of the earth, at the latitude of the place
X = a quantity determined from theory : assumed by

Dr. Young, from -50 to -75
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X LII. For computing the principal geodetical quantities,
dépendiug on the spheroutieal figure of the earth, at any

given latitude.

Ellipticity of the earth .

a

Normal, ending at minor axis L —
(1 —e9.sin3L)i

Normal, ending at major axis N = w(l —e9

Tangent, ending at minor axis t=n.cotL
Tangent, ending at major axis T =«tan L .(l —c]
Radius of the parallel . . . g=n.cos L
Radius of curvature of merid. R = ;7(1— e9
Radius of the earth A r=n(1—e9.(l —e¥%sinsL)
Lengtli of arc of meridian dM=w .(l—e3)dL =N .dL
Do. perpendicular to do. . dP = «.dL

a — the semi-axis major of the earth

b = the semi-axis minor of the earth

i = the Compression of the earth = 1 -

c a

L = the given Latitude

R?2



116 I'onnultc.

X LIIlI. For computing the length of a degree of Longi-
tude and Latitude at any point on the surface of the Earth,
considered as an ellipsoid; the length of a degree at the
equator being considered as unity, and the Compression of
the earth being given.

Assume e9 — nearly

— \e9+ Ae4+ &c. nearly

Deg. ofLong. = cosL (1+ \e9sin9L + §e*sinlL + &c.)

Deg. of Lat. = 1+ ]e9sin9L + iA etsin4L-t-&c.

e — the Eccentricity of the ellipse forming the ellipsoid

— = the Compression of the earth

L = tlie Ladtude of the given point, winch is assumed to
be equidistant from the ends of the degree of Lati-

tude required
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XLIV. For computing the Eccentricity and Compression
of the Earth, from the lengtlis of two measured arcs of the
meridian, dilfering from each other in latitude.

d3sin2Z—IL sin2L

dTsin21— D _sin2L
X 5 5—

I = the degree of Latitude nearest to the equator
L = the degree of Latitude farthest from the equator
d = the measure ofaDegree, ofwhich | is the micldle point
D = the measureofaDegree, ofwhich L is the middle point
c = the required Eccentri :ity of the ellipse, forming the
ellipsoid

— = the required Compression of the earth

In tliese formule, the values of L and 7dénoté respec-
tively the latitude of the middle points of tlie degrees in

question.
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XLV. For computing the Equations tlepentling on tlie
theory of die elliptical motion of the planets.

«3= V + e3
m—xH ¢ .sinx
a
tan2i_t — — tan3i_x
2 a+ e 2
a~-— c* sig X
r — aq g.eos.r = b.—
a—e.cost sm t
a = the semi-axis major of the orbit; generally assul

equal to unity: in which case,h, ¢ and r must be

taken proportional thereto

b = the semi-axis minor of the orbit
e = the Eccentricity of the orbit
r = the Radius vector of the planet
m = the Mean anomall)(/ 1 o
r, >reckoned from the perinelion
t = the JLrue anomaly J
Vv = the Eccentric anomaly = (m—t). The détermination

of this quantity, from which the others,are deduced,
is one of the most difficult in the science of astro-
nomy : and can only be obtained by approximation.

Il goes by the name of Kepler’s Problem
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SLVIKFor computing tlie greatest Equation of tlie centre,
tlie Eccentricity being given: and vicMvcrsa. Also for
computing, al (liai ti?nc, the eccentric anomaly; and thence,

the true and the mean anomaly.

T 1, 599 r 17219 , O

E = 2c + + 2iU75e + ~uUry e + &c-

e—*E — 11 E3 587 E' 40583— E 7—&c
- 2*.8 2le.3.5 N.5.7.9

V= PR ade T TaE Ve RrC
1 — cos X
1 g- cos X

tan3it = 1— - tan2i/E
3 + e 2

m=: X «- <”in X

E = tlie greatest Equation of the centre, =m — L

c = the Eccentricity of the orbit, the semi-axis major
being considered as unity

X — the Eccentric anomaly

m = the Mean anomaly

t = the True anomaly
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XLVJIl. For computing the angular distance between
tlie centre of the Moon and of the Sun (or a Star) their
Right Ascensions and Déclinations, or their Longitudes

and Latitudes being given.

cota' = cos(S i-»M).cotD

cosall

cosx = sinTL )
-et*»fl'](-/

S = the Right Ascension of the sun

= the Right Ascension of the moon
D = the Déclination of the moon
the Déclination of the sun, or star

o
1

the angular distance required

X
1

If we substitute the Longitude and Latitude for the
Right Ascension and Déclination of the Moon and Sun
(or Star) respectively, the formula will still give the correct

value of x.



Formulee. 119*

XLVII1. To détermine tlie true distance of the Moon from
the Sun (or a Star), the apparent distance, together with
the apparent altitudes of the Moon and the Sun (or Star)

being given.

Make B= £(A + H + h)

{ cos H', cos h'\i,
L cos (3.cos (p —A) T T

sin a 'MW = >.C°SH'COS/;
cos %(IT + N)

sin \x = cos | (TI' -~ h} cos a

H' = the true J
h — the apparent'! 1
>altitude ot the Sun, or Star
h' = the true J
A = the apparent Distance

X = the true distance required

N.B. The true altitude is easily deduced from the apparent
altitude, by subtracting the refraction, and (in the case

of the Moon and Sun) adding the parallax in altitude.
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TABLE |I.

123

ititude and Longitude of various places, where astrono-

xnical observations liave been made.

Places.

Alexpndria
Altona
Amsterdam
Archangel
Bagdad
Barcclona
Berlin
Bordeaux .
Breslau
Brussels

Buda

Bushey Heath
Cadiz

Cairo

Calcutta
Cambridge
Cape of Good Hopg
Coimbra
Constantinople
Copcnhagen
Dantsig L.
Dijon

Dorpat

Dublin
Edinburgh
Florence

Geneva
~Cotha
Gottingen

Greenwich

Konigsberg

Obs.

Obs.

Obs.

Obs.
Obs.

Obs.
A)bs.
Ob~

Obs.

Obs.

Obs.
Ote.
Obs.
Obs.

+

+ + 4+ o+ o+ o+ o+ o+

Latitude.

(@]
Q0

31
53
52
61
33
a1
52
a4
51
50
47
djl
86
30
22
52
83
40
41
55
54
47
58
53
50
43
46
44
50
51
51
51
54

27
13
32
2g
34
19
21
31
50

6
50
29
37
32

34
12

5£
12

41
20

22

56
46
\r
25
56
31
28
28
42

o o¢

51
17

40

45
14
30
59

44

21

43
42
30
27

48
25
47
13
42
41

50

37

Lon gitude.

h 1l

— 129
— 159
— 0 39
— 0 19
— 2 42
— 2 57
+ 0 S
— 0 53
+ 0 2
— 1 8
— 0 17
— 1 16
+ 0 1
+ 0
- 2 5
— 553
- 0 O

-3k

+ 083
- 155
— 0 50
— 114
- 020
- 146
+ 025
+ 0 12
- 045
- 024
- 035
- 04,
- 039

(O]

+ 0 1
- 121

S
10

a1
50
33
52
39
40
29
16

9
29
10
21

9
13
44
30
32
38
a1
20
31

8
48
22
49

3
38
52
56
46

0

57



124 T able 1. continued.

Places. Lafcjpide- Longitude.
o i n 11 s
Lilienthal . . . . + ‘S p & 30 — 0 35 37
Leghorn . . . . + 43 33 3 - 041 7
Lisbon I Obs. + 38'42 24 + 0 36 16
London (St. Paul's) + 51 30 49 + 0 opf
Madras (Flagstaff) . + 13 5 0 — 521 28
Madrid Lo + 40 2*57 + 015 9
Manheim . . . Obs. + 49 29-18 — 0 3i5'52
Marseilles . . . Obs. + 43 17 49 — 021 29
Mexico L. + 19 25 45 + 6 36 21
Milan ..o Obs. + 45728 2 — 0 36 46
Montauban . Obs. +44 0655 — 0 5 28
Naples . . . . + 40 50 15 - 057 3
Oxford e Obs. + 51 45 39 + 051
Palermo . . . . Obs. + 38 6-44 - 053 28
Paramatta . . . Obs. — 33 48 45 —10 4 5
PariS o Obs. + 48 50 14 <o @
Pékin .oooooeevenennnnee Obs. + 39 5*1 + — 7 45 51
Petersburg . . + 59 56 28 — 2 115
Pliiladelphia . . + 39 56 55 + 5 0 40
Prague Lo + o0 5 19 — 0 57 44
Quebec L. + 46 47 30 + 4 44 89
Quito « . . . - 0 13 17 + 515 0
Rome . . . . + 41.98 54 — 0 49 59
Slough . . . . Obs. + 51 30 20 + 0-2 24
Stockholm + 59 20 31 — 1 12 14
Toulouse . . . + 43 85 46 — 0 5 40
Tubingen . . . . Obs, + 48 31 10 - 080 14
Turin . . . . + 45 4 0 — 0 30 41
miraniburg . . . Obs. + 5.™54 38 — 05009 j
Verona . Obs. + 45 26 7 - 044 5
Yienna . . . . Obs. + 48 12 40 — 1 531
Viviers . . . . Obs. + 44 29 14 - 0 18 44
Wilna . . . . + 54 41 2 — 1 41 12

In the column of Latitudes the sign plus dénotés North ; and the sign
minus, South. In the column of Longitudes the sign plies dénotés West ;
and the sign minus, East, from Greenwich,



TABLE IL

Mean Right Ascension of the Sun.

Jfuuiary.

h m r
1 18 40 0,000

n

© ® N o 0 ~ Q@

10

12
V§
14
15

17
18
19
20

21
22

24
25
26

!T 18
29
30
31

In Leap Sears, enter the table,

19

20

43
47
51
55
59

S

7
1

56,555
53,111
49,666
46,221
ETTT
39,338
85,887
32,443

1.«8,998

58
2

10
14

20
30

38

22,109
18,004
15,219
11,775
8,330
4.,8®i
1,441
67,990
54,551

51,107
47,002
44217
40,77«
37,«88
33,883
30,439
20,594
'§«,649
30,105
16$60

o @ N WN . P P P P P R OO OO

w w

A A A D DN DD O W W W

given dati?, minus unitv.

February.

h WM s
20 42 13,215

21

22

46 9,771
50 6,386
‘64 2%1
57 59,437
1 55,9°C-
512,547
9 49,103
lif-45,0%
17 42,213

21 387769
25 ".3.84
25 3,879
33 Sjp35
37 24,9.90
41 *1,545
45 18,101
49 14,656
53. 11,211
57 7,767

1 4,322
5 0,877
6 57/M
12 58,988
16 50,543
20 4-7,099
24 43,654
28 4009

Si

N N th NN N O o o o o o o ;o o oo a a

© 0 0O O 0 0 0 N

h m

Mardi.

S

22 3s '36,760

28

36
40
44

33,320
29,875
26,431

4102,986

52

56
0

12
16
19
23
27
31

89
43
47

51
55
59

19,641
16,097
12,652
9,807
5AG3

2,318
58,873
55,4.29
51,984
48,539
45,095
4if050
37506
34,761
81,316

27,871
24,427
20,982

3 1/7587
7 14,093

11
15
19
23
26
30

10,648
7120S
3,759
0,314

56,869

58,42.5

125

© © © © © ©

10
10
10

10
10
10

11
11
1
11
11
11

12
12
12
12
12
12
12
13
13
13
13

in January and Februnry, with the
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—
o

11

12
13
14
15
10
17
18
19
20

21
22
23
24
25
26
37
28
29
30
31

h m

April.

0 s4

—

38
42
46
50
54
58

s

49,980
40,535
43,091
39,040
36,201
32,757
29,312

2125j867

6
10

14
18
38
26
30
JSS
37
41
45
49

63
£

1
5

32,422
18,978

15,533
1-8,088

8,644

5,199

1,754
58,310
54,865
51,420
47,976
44,531

41,086
37,642

53,497
30,752

9S27,308
13.23,863

17
21
25
29

20,418
16,974
13,529
10,084

continued.

T abce II.
SI May.
J m s

13 g 33 6,640
13 37 3,195
14 40 59,750
14 44 56,306
14 48 52,861
14 52 49,416
14 56 45,972
14 3 0,47527
14 4 39,0877
y 8 35,638
15 12 32,193
15 16
15 20 25,304
15 24 21,859
15 ~ 88.18,414
15 32 14,970
16 30 11,525
10 40 8,080
10 44 4,630
10 48 1,191
10 51 57,740
10 55 54,302
10 59 50,857
17 4 347412
17 7 43,968
17 11 40,423
17 15 37,078
17 19 33,634
17 33 30,189
17 27 26,744

31 33,300

18

19
19
19
19
20
30
20
80
20
20

20
21
21
21
21
21
21
21
21

21

-211

Jane.

h m
4 35

39
43
47

55
-.58
5 2

10

14
18
22
36
30
o-l
Js8
42
40
50

54
58

()]

s
19,855

16,410
18,960
9,521
6,076
2,632
59,187
5£,74£
.57298
48,853

45,408
41,964
8g]19
35,074
31,630
s-.fl
24,740
21,296
17,851
14,406

10,96.2
7,517
4,073
0,GS§

9 57-L86U

13
17
21
25
29

50,894
40,849
4$,404
3.9,960

Sl

2t
ei

21

22

88
22
22

23
23
23
23
33
23
23

324
24
24

24
24

t24
24
26 j
25
25
25
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1

12
13
14
15
16
17
18
19
20

21
22
28
24

‘25 .

26
27
28
29
30
31

July.

h m «

6 33
37
41
45
49
58
57

7 1

5
9

13
16
20
24
28
iig82
nfeé
40
44
48

52
56

36,515
33,070
29,626
-26;181
22,730
19,292
15,847
12,402
8,958
5,513

2,068
58;G24
55,179
51,734
48,290
44,845
41,400
37,956
34,511
31,067

271622
24,177

0 20,733

4 17,788

12
10
20
24
27
31

13,843
10,399
6,954
3,509
0,065
56,620
53,175

Table

25
26
26
26
26
26
26
27

27

27
27
27
27
28
28
28
28
28
28

28
29
29
29
29
29
29
29
30
30
30

10

Il. continued
August. a
m s
35 49,731 30
3£1]14G,28G 30
43 42;841 30
47 39,397 30
51 35,952 31
55 82,507 31
59 29,063 81
3 25,618 31
7 22,173 31
11 18,729 31
15 15,284 32
19 11,839 32

8,395 jSP
27 4,950 32
31 1,505 32
34 58,061 32
38 54,616 32
42 51,171 33
46 47,727 33
50 44,282 33
54 40,837 33
58 37,393 38
2 83,948 33
6 30,503 33,
10 27,059 34
14»23,014 84
18 20,169 34
22 16,725 34
20 13,280 34
30 9,835 34

34 6,391

34

September.

m

10 38

11

12

41
45
49
53
57

1

5

% 946
59,501
56,057
52,612
49,167
45,723
@8

38,883

9 35,389

13

17
21
25
29
33
37
41
45
49
52

56

31,944

28,499
25,055
21,610
18,165
14,721
11,270

7,831

4,387

0,942
57,497

54,053
50,608

4 47,163
8 43,719

12
10
20
24
28
32

40,274
36,8.29
33,385
291940
26,495
28,051

127

a

35
35
35

35
35
35
36
37
37

37
37
37
38
38
38
38
38
38
38

39
39
39
39
39
39
39
40
40
40



128

11

12
13
14
15
10~
17
18
19

W

21
22
23
24
25
26
27
28
20
30
.81

Octolier.

h m S

12

13

14

30
40
44
48
52
50
59

3

7
11

15
19
23
27
31
35
89
43
47
51

59

10
14
18

26
30
34

19,600
16,101
12,717

9,272

5,827

2,388
58,938
55,493
52,049
48,604

45,159
41,715
88,270
34,825
31,381
27,936
24,491
21,617
17,602
14,157

10,713

y m

3,823 -

0,379
56,934
an489
50,045
46,600
43,155

39,711
36,200

contmued.

Table II.
a November.
h m s
40 14 38 32,821
40 42 29,877
40 46 j~9 3fl
40 50 22,487
41 54 19,043
41 58 11jS98
41 15 2 12,153
41 8,709M
41 10 5,264
41 14 1,819
41 17 58,375
42 21 54,930
42 25 51,485
42 29 48,041
42 .Jgjfc 44,596
42 37 41,151
“ih 41 87,707
43 45
43 49 30,817
43 53 27,873
43 57 27828
43 16 1 20,483
43 5 17,039
43 13,-594
44 13 10,149
44 17 6,705
44 21 3,260
44 24 59,815
44 28 50;871
44 32 53,926
44

a

45
45
45
45
45
45
45

6 B

46

46

40
46
47
47
47
47
47
a7

48
48
48
48
48
48
48
49
49
49

Dccember.

h m
1G 30

17

18

40
44
48
52
50

49,-t6l
46,037
43 595
39,147
35,708
827$58

0 28%18

.35,369

8 21,924

12

16
20
24
28
32

39
43

a7
51

55
59
8
7
1
15
19
23

.27*

31
35

18,479

15,036
11,590

8,145

4,701

1,250
57,811
54,367
50,922
47,477
44,033

40,588
37,143
33,699
30,254
20,809
23,3.65
19,920
16,475
13,030

9,586

0,141

49
49
49
49
50
50
50
50
50
50

50
51
51
51
51
51
51
51
52
52

52
53
52
52
53
53
53
53
53
53
53



TABLE I11.

Correction to be added to tlie values in Table II.

1800
1801
1802
1803
1804
1805
1800
1807
1808
1809
1810
1811
1812
1813
11814
1815
1816
1817
1818
1819
1820
ljfel

1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833

Correction 8,

m s
3 33,993

2 .30,080
1 39,380
0 42,073
3 41,821
2 44,014
1 40,708
0 49,401
3 48,649
2 51,342
1 54,080
ojPf/fo
3 55,977
2 58,070
0 1,364
1 4,057
4 3,305
3 5,998
2 r 8,692
1 11,385
4 10,038
3 J0,320
2 10,020
1 18,713
4 17,961
<6 20,054
2 23,348
1 20,041
4 25,289
3 27,982
2 30,670
1 83,369
4 32,017
3 35,310

212
158
104
50
997
913
890
836
7.82
¥728
a7s
021
567
513
460
400
852
299
246
191
138
84
30
976
923
869
814
761
707
653
600

B

129

438
385
331
977
224
170
116
63

955
901
*48
794
740
687
633
579
IN
472
418
364
311
Y57
%)2
149
90'
41
988
934
880
826
773

Year Correction 8
m s
265 B 1868 5 38,569
18419 4 41,362
180 3 43,956
18/1 2 40,649
4872 5 45,897
1873 4 48,590
18/4 3 51,284
1875 2 53,977
1876 73 53,225
1877 4 55,918
1878 3 58,612
1879 3 1,307
1880 6 0,556
1881 5 3,246
1882 4 5,940
187§ 3 8633
1884 6 7,881
1885 5 10,574
1886 4 13,268
1887 3 15,961
1888 6 15,209
1889 5 17,902
1890 4 20,596
1891 3 23,289
1892 6 22,337
1893 5 75,230
1894 4 27,92.4
1895 3 30,617
1896 6 29,865
1897 5 >32,558
1898 4 35,252
1899 3 37,945
1900 2 40,038

546

Year Correction 8
m s

92 1834 2 38,004
39 1835 1 40,697
985 B 1830 4 39,945
931 1837 3 42,638
«77 1838 § 45,332
824 1839 | 48,025
770 B 1840 4 47,273
710 1841 3 49,960
002 18421 52,600
009 1843 1 567153
555 B 1844 4 54,601
501 1845 3 57,294
448 1840 0 59988
394 1847 2 2,681
340 B 1848 5 1,929
1849 4 4,622"

233 1850 3 7,316
179 18”1 fa 10,009
125 B5.852 5 9,257
m 1S53 4 11,950
18] 1854 14,644
903 1855 2 17,337
910 b T o 5 16,585
850 18# 4 19,278
802 1858 3 21,97?
749 1859 2 24,665
695 B 1800 5 23,913
641 1861 4 26,606
587 1862 3ffi300
534 1863 2 31,993
480 B 1864 5 31,241
426 1865 4 83,934
373 1866 3 86,628
319 1867 2 39,321

492

719



ISO TABLE 1V.

Correction for tlie Lunar Nutation.

Argument = The mean place of the Moon’s node.
Sl Equation. ] Equation.
500 0 — ;000 500 1000  + 0,000
490 10 0,065 510 990 0,068
480 20 0,129 520 980 0,136
470 30 0,193 530 970 0,203
460 40 0,257 540 960 0,269
450 50 0,319 550 950 0,884
440 60 0,381 500 940 0,398
430 70 0,441 ' "570 930 0,460
420 80 0,499 580 920 0,520
410 90 0,555 590 910 0,578
400 100 0,610 600 900 0,634
390 110 0,662 610 890 0,687
380 120 0,711 620 .880 0,737
370 130 0,758 630 870 0,784
360 140 0,803 640 860 0,828
350 150 0,844 650 850 0,868
340 160 0,882 660 840 0,905
330 170 0,916 670 830 0,938
320 180 0,947 680 820 0,967
310 190 0,975 690 810 0,992
300 200 0,9.99 700 800 1,014
290 210 1,019 710 790 1,031
280 320 1,034 720 780 1,044
270 230 1,046 730 770 1,053
260 240 1,054 740 760 1,057

250 250 — 1,058 750 750 P 1,058



270
tir
204
261

255

249
246
243
240
237
234
231
228
225

o

O
180

183
186
189
192
195
198
201
204
207
210
213
216
219
222
225

Correction for the Solar Nutation.

Argument =
(¢}
90 0
87 3
84 6
81 9
78 12
75 15
72 18
69 21
66 24
63 27
60 30
57 33
54 ;rl6'-
51 39
48 42
45 45

TABLE V.

Sun’s true longitude.

Equation.

s
0,000 +
0,008
0,016
0,024
0,031
0,038
0,045
0,051
0,057
0,062
0,060
0,070
0,073
0,075
0,076

0,077 +

90
93
96
99
102
105
108
111
114
117
120

IBf
129
132
135

180
177
174
171
168
165
162
159
156
153
150
147
144
141
138
135

270
273
276
279
282
285
288
291
294
297
300
B303
306
309

315

131

o
360
357
354
351
348
345

'342
339
336
333
330
327 |
324
321
318
315
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12
13
14
15
10
17
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10
20
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22

23 .
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TABLE VI.

~Eor converting sidereal into mean solar time.

Hours.

m S
0 9g£0- 1
0 19,659 2
0 29,489 3
0 39,318 4
0 49,148 5
0 58,977 6
1 8s07 ES
1 18,63(F 8
1 28,4G6 9
138,296 10
148,125 N
157,965 12
e 8 13
2 17,614 14
2 27,443 15
2 37,20 16
2 47,103 17
2 56,932 18
3 6,762 19
3 16,591 20
3 26,421 21
3 36,250 22
S 40,080 23
3 55,909 24
j'ALl
26
27
28
29
30

Minutes.
s
0,164 31
0,328 32
0,491 *3
0,055 34
0,819 35
04588| 36.
1,147 '@j
1,311  88.-
1,474 39
1,638 40
1,802 41
1,966 42
2.130 43
2,294
2,457 45
2,621 46
2,7861 47
2,9n7 48
3,11% 49
373/7 50
&440 51
fil,604 p2-
3,708 53
3,932 54
4,096 55
4,JS) 56
4,428 57
4587 58
4,751
4,915 60

S
5,079
5,242
5,406
5,570
5,734
5,898
6,062
6,225
6,38.9
6,553

6,717
6,881
7,044
7,208
7,37,2
7,536
7,700
7,864
8,027
8,191

8,«<65
8,519
8,686
8,847
9,010
9,174
9,338
9,502
9,606
9,830

© o N o 0o b 0w N P

=
o

11
12
13
14
15
1G
17
18
19

21
te2
23
24
25
26
27
28
29
30

Seconds.
t
0,003 31
0,005 32
0,008 33
0,011 34
0,014
0,016 36
0,019 37
0,022.- 68
0,0.25 39
0,027 40
0,030 41
0,033 42
0,036 43
0,038 44
0,041 M
0,044 46
0047 _
0,049 48
0,052 49
0,055 50
0,057 51
0,060 52
0,003
0,066 54
0,068 55
0,071 56
0,074 57-
0,076 58
0,079 59
0,082 60

0,085
0,087
0,090
0,093
0,096
0,098
0,101
0,104
0,106
0,109

0,112
0,1.135
0,118
0,120
0,128
0,126
0,1428
0,131
0,134
0,137

0,140
0,142
0,145
0,148
0,150
0,153
0,105
0,159
0,161
0,164
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13
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24

TABLE VII.

For converting mean solar into sidereal time.

Hours.

HHHPOOOOOOB

W W NN NDNDNDNPRP e

w W W w

1)

©
[o]
a
o

19,713
29,569
39,427
49,282
59,139
8,995
18;852
28,708
38,505.3

48,421
58,278

8,134
17,991
27,847
37,704
47,500
57,41G

7,273
17,129

20,986
30,843
40,099
56,555

© o N O 00 b~ W N PR

10

1
12
13
14
15
10
17
18
19
20

21
22

RZAS

jitf
25
26
27
28
29
30

Minutes.
0,104 -81 55092
0,329 32 5,257
0,4.93 5,421
0,057 34 55851
0,821 iiyj 58750
0,980 30 5,914
1,150 37 6,078-
1,314 38 6,242
1,478 39 6,407
1,643 40 0,571
1,807 41 6,735
1,971 42 6,900
2,130 43 7,004
Jjroo 44 1Tjp?
2,404 45 7,392
2,628 46 7,557
w2,793 47 7,721
2,957 48 7,885
3,121 49 8,050
3,285 50 8,214
3,450 51 8,378
3J14 52 8,542
3,778 53 8,707
41,943 54 8,871
4,107 m 9,033
4,271 56 9,199
4,430 57 9,364 m'm
4,000 58 9,528
4,764 591 9,692
4,938

11
12
13
14
15
16
17
18
19
20

21
22
23
24
25
26

28
29

60 9,856 @g30

Seconds.
0003 31
0,005 32
0,008 83
0,011 34
0,014 35
0,016 86
0,019 EI
OoH 38
0,025 39
0,027 40
0,030 41
0,081% 42
0,036 43
0,038 44
0,041 45
0,044 46
0,047 47
0,049 48
0,052 49
0,055 50
0,057 51
0,060 M
0,063 53
0,060 54
0,008 55
0,071 56
0,074 =57
0,0/0 58
0,079 59
0,082 60

133

0,085
0,087
0,090
0,093
0,096
0,098
0,101
0,104
0,106
0,109

0,112
0,115
0,118
0,120
0,1£8
Oylffi
0,128
0,131
0,134
0,137

0,140
0,142
0,145
0,148
0,150
0,153
0,156
0,159
0,161
0,164



134 TABLE VIII.

For converting degrees into time: and vice versa.

oo-ba

Degrees.
Space. Time. Space. Time. Space. Time. Space Time.
0 h ni 0 i m 0 h m 0 h
1 0 4 31 2 4 61 1 4 91 6
2 0 8 32 2 8 62 4 8 92 6
3 0 12 33 2 12 63 4 12 93 6 12
4 0 16 34 2 16 64 4 16 94 6 16
5 0 20 35 2 20 65 4 20 95 6 20
6 0 24 36 i«2s24 66 4 24 96 6 24
7 0 28 37 2 28 67 4 28 97 6 28
8 0 32 38 2 gfa 68 4 3n 98 6 32
9 0 36 39 2 36 69 4 36 99 6 36
10 0 40 40 2 40 70 4 40 100 6 40
1 0 44 41 2 44 71 4 44 101 6 44
12 0 48 42 2 48 72 4 48 102 6 48
13 0 52 43 2 52 73 4 52 103 6 52
14 0 56 44 2 56 74 4 56 104 6 56
15 10 45 3 0 75 5 0 105 7
16 1 4 46 3 4 76 5 106 7
17 18 47 3 77 5 107 7 8
18 112 48 3 12 78 5 12 108 7 12
19 116 49 3 16 79 5 16 109 7 16
20 120 50 3 20 80 5 20 110 7 20
21 124 51 3 24 81 5 24 111 7 24
22 128 52 3 28 82 5 28 112 7 28
23 132 53 3 32 83 15.32 1138A 7 32
24 136 54 3 36 84 5 36 114 7 36
25 1 40 55 3 40 85 5 40 115 7 40
26 144 56 3 44 86 5 44 116 7 44
27 1 48 57 3 48 87 5 48 117 7 48
28 152 58 3 52 88 5 52 118 7 52
29 156 59 3 56 89 5 56 119 7 56
30 2 0 60 4 0 90 6 0 120 8 O



Space. Time,

o h m

121
122 W
123
124

120
127
i2a-7
129

8

8

8

8
125 8 20

8

8

8

8
130 8

131 8 44
1325 8 48
133 8 52
134 8 56
135 9

136 9

,137 9

138 9 12
139 9 16
140 9 20
141 24

9

142 9

143 9
144 9 36

9

9

9

145 40
146 44
147 48
148 91?22
149 9 56
150 10 O

Table VIII.
Degrees.
Space. Time. Space.
o h m 0
151 10 4 181
152 10 8 182
153 10 12 183
154 10 16 184
155 10 20 185
156 10 24 186
157 10 28 187
158 10 A 188
159 10 36 189
160 10 40 190
161 10 44 191
162' 10 48 192
163 10 52 193
164# 10 56 194
165 11 195
166 11 196
07 1 197
168 1 12 198
169 11 16 199
170 11 20 200
171 11 24 201
172 11 28 202
173 11 32 203
174 11 36 204
175 11 40 4205
176 11 44 206
177 11 48 207
178 11 52 208
179 11 56 209
180 12 0 210

continued.

Time.

h
12

12
12
12
12
12
12
12
12
12

12
12
12
12
13
13
13
13
13
13

13
13
13
13
13
13
13
13
13
14

© A3

12
16
20
24

32
36
40

44
48
52
56

12
16
20

24
28
g2
36
40
44
48
52
56

Space.

o

211

218
219
220

221
222
223
224
*225-
226
227
228
229
230

231
232
233
234
235
236
237
/288
239
240

135

Time.

h m

14i
14
14
14
14
14
14
14
14
14

14
14
14
14
15
15
15
15
15
15

15
15
15
15
15
15
15
15
15
16

4

12
16
20
24

32
36
40

44
48
52
56

12
16
20

24
28
32
36
40
44
48
52
56



136 Table VIII. continuell.

Degrees.

Space. Tine. Spaca Time. Space. Time. SpiTce. Thne-li

0 h m 0 1 m o) 1 m 0 1 H\
241 16 4 271 18 4 301 20 4 331
8

242 16 272 18 8 302 20 8 -3%2- 22 8
243 16 12 ~73" 18 12 303 20 119 333 22 12
244 16 16 274 18 16 304 20 16 %14 23 16
245 16 20 275 18 20 305 20 20 335 22 30
246 16 24 276 1824 306 2024 MD 22 24
247 16 28 277 18 28 307 201§8 337 22 28
248 16 32 278 18 32 308 20 32 '338 22 32
249 w16 36 279 18 36 309 20 36 339 28 36
250 16 40 280 18 40 310 20 40 340 22 40

251 16 44 281 18 44 311 20 44 341 22 44
-252 16 48 282 18 48 312 20 48 342 22 48
253 16 52 +283 18 52» 313 i20 52 343 22 52
254 1600 284 1800 314 20 56 344 N
255 17 O 285] 19 O 315 21 0 345 23 0
256 17 4 286 19 4 316 21 4 346 *3 4
257 17 8 2871 19 8 317 21 8 347 23 8
258 17 12 288 19 12 318 2> 12 348 23 12
259 17 16 289 19 16 319 21 16 349 23 16
260 17 20 290 19 .20 320 21 20 350 23 20

261 1724 291 1924 321 21 24 351 23 24
262 17 28 '1202*1 19 28 322 21 28 SA» 23 28
263 17 32 293 19 32 323 21 32 353 23 32
264 17IM 204 19 36 324 36 3§41 23 36
265 17 40 295 19 40 325t 21 40 355 23 40
~266:' 17 44 206 19 44 326’ 21 44 356 23 44

267 : 17 48 297 19 48 327 21 48 357 23 48
268 17 52 298 19 52 21 52 358 23 52
269 17 56 299 19 56 329 21 56 359 23 56
270 18 0 300 20 0O 330 22 0 360 24 0



Table VIII. continuée!. 137

Minutes. SéYonds.

Space. Time. Space. Time. Space. Time. Space. Time.

i m s i m s u ii

1 0 4 31 2 4 1 0,07 31 2,067

0o 8 32 2 8 2 0,13%il 2,133

3 0 12 33 2 13 1 0,200 33 2,200

4 0 Ifi 34 2 16 4 0,267 34 2,267

5 0 20 30 2 20 5 0,333 35 2,338

fi 0 24 36 2 24 6 0,400 30 2,400

7 0 28 37 2>8 7 0,467 37 2,467

8 0 &2 38 2 32 8 0,53?! 38 2,583

9 0 36 39 2 30 9 0,600 39 2,600

10 0 40 40 2 40 10 0,667 40 .20;07
1 0 44 41 2 44 1 0,733 41 2,733
12 0 48 42 2 48 12 0,800 42 2,800
13 0 52 43 2 52 13 0,867 43 2,867
14 0 50 44 2 56 14 0,933 44 -e2n903
15 1 45 3 15 1,000 45 3,000
16 1 46 3 16 1,067 46 3,067
17 1 47 3 17 1,133 47 3,133
18 112 48 3 12 18 1,200 48 3,200
19 116 49 3 16 19 1,267 49 $267
20 120 50 3 20 20 1,333 50 3,333
21 124 51 3 24 21 1,400 51 3,400
22 128 52 3 28 22 1,467 52 3,467
23 132 53 3 32 23 1,533 53 3,533
24 136 54 3 36 24 1,600 54 3,600
25 1 40 55 3 40 <5 1,607 55 3,667
26 1 44 56 3 44 26 1,733 56 3,733
27 1 48 57 3 48 27 1,800 57 3,800
28 152 58 .3 52 28 1,867 58 TO67
29 156 59 3 56 29 1,933 59 3,933
30 2 0 60 4 0 30 2,000 60 4,000



1S8 TABLE IX.

Mr. lvory’'s Mean Refractions; with the logarithms and

tlieii différences annexed.

Zenith Mean . Zenith  Mean .
. Diff.
Dist. Refrac. Log. Diff. Dist. Refrac. Log
0 i i 0 i n 173
1 0 1.02 0.0085 31 0 35,09 1A462
3012 15622 170
2 . 0.3097 32 36,49 1.
) 4m‘ 1763 790 168
3 3,06 0.4860 -, 33 37,93 15
\m 164
4 4,08 0.6112 34 39,39 1.5954
974 162
5 511 0.7086 35 40,89 1.6116
796 160
6 6,14 0-7882* 36 42,42 1.0270
675 159
7 7,17 0.8i557 37 44,00 1.6437?
587 156
8 8,21 0.9144 38 4561 1.6591
519 155
9 9,25 0.9663 466 39 47,27 1.0746
10 10,30 1.0129 40 48,99 16901 =B
424 154
1 11,35 1.0553 41 50, IffO U ffl
388 152
13 12,42 1.0941 42 A57 17207
359 151
13 13,49 1.1300 43 54,43 1.7*8
334 153
14 14,56 1.1634 44 56,35 1.7510
313 151
15 15,66  1.1947 45 58,36 1.70611
284 1512
16 16,75 1.2241 46 1 0,43 1.78123
278 1514
17 17,86 1.2519 47 |Ep7 1.79637
265 1518
18 18,98 1.2784 48 4,80 1.81155
252 1523
19 20,11 1.3036 49 711 1.82678
241 ' 1530
20 21,26  1.3277 50 9,52 1.84208
230 1539
21 22,42 1.3507 51 12,02 1.85747
222 1551
22 23,60 1.3729 .52 14,64 1.87298
215 1565
23 24,80 1.3944 53 17,38 1.88803
207 1577
24 26,01 1.4151 54 20,24 1.90440
201 1596
25 27,24  1.4352 55 18,25 1.92036
195 1617
20 28,49 1.4547 56 20,41 1.93653
189 1638
27 - 29,76 14736 57 29,73 1.95291
185 1664
28 31,05 1.4921 58 33,23 1.96955
181 1691
29 32,38 1.5101 59 36,93 1.98646
177 1723
30 0 33,72 1.5379 60 1 40,85 2.00368



Zenith
Dist.

0
61
62
63
64
65
66
6 *
68
09
70 00

10
20
30
40

O O O O O O O O O.

50
71 00
10
20
30
40
50
7700
10
20
30
40
50
73 00
10
20
30
40
50

Mean
Refrac.

1 u

1 45,01
49,44
54,17
59ji2

2 4,65

10,48
16,78
23,61
31,04
39,16
40,59
42,04
4'i,0£
45,0 |
46,58
48,08
49,65
51,25
52,87
54,53
56,21
57,92
59,66

3 143

M gs
6,93
8,8"

10,77

12,74

14,75

16,810

3 18,88

Table IX.

Log.

5j02124
2.03918
$05754
2.07635
2.00567
2.11,555
2.13603
2.15719
2.17910
2.2Q185
2i20573
2.20963
2.21356
221754
2.22150
27552
2.22056
2.23363
2.23773
2.24186
$24003
2.25022
275445
2.25870
2.2,6299
2.2675"
2.27108
2.27608
2.28051
2,28498
2.28948
2.29402
2.29860

Diff.

1756
1794
1836
1881
1932
1988
2048
2116
2191
275
388

SI190
393
396
398
402
404
407
410
413
417
419
©3
i®5
429
433
436
440
445j1
447
450
454
458

continuée!.
Zenith Mean
Dist. Refrac.
74 00 3.21,01
10 23.18
20 25.39
30 27,66
40 29,95
50 32,30
75 00 34,70
10 37,16
20 39,65
30 42.21
40 44,82
50 47,48
76 00 50.21
10 53,00
20 55,85
30 58,76
40 4 174
50 4,79
77 00 7,91
10 11,11
20 14.39
30 17.74
40 21.19
50 24,79
78 00 28,33
10 32,04
b ht35,84
30 39.75
40 43.76
50 47,88
79 00 52,12
10 56,47
20 5 0,94

Log.

2.30322
2.30789
2.31259'-
2.31734
i2.82213
2:37696
2.33184
fIfi'677J
2.34174
3.34676
2.35183
2.35695
2.36212
2.36735
2.37263
2-37796
2.38334
$38879
2.39430
2.39987
2.40550
2.41119
2.41695
42278
2.42867
2.43463
fa44066
'$44677
2.4i;295
2.45921
2.46556
2.47198
2.47848

139

Dift:

46%y
467
470
475
479
483
488
493
497
502
507
512
517
523

i$28
533
538
545
551
557
563
569
576
583
589
596
603
611
618
626
635
642



140

Zenith
Dist.

79 30
40
50
80 00
10
20
30
40
50
81 00
10
20
30
40
50
82 00
10
20
30
40
50
[Ss 0o

20
30
40
50
84 00
10

30
40

Table IX.

Mean
Refrac.

Log.
u
5,54 2.48507
10,28 2.49176
15,16 2.49853
B£0,i9 2.50541
25.36 '3:51237
30,70 2.51944
86,20 i2)52660
41,88 N5187
47,74 2.54125
53,79 2.54874
G 0,04 2.55635
6,50 2.56407
13,18 2.57192
20.09 2.57989
27,26 2.58800
34,68 2.59624
42.37 2.60462
50,33 2.61313
58,59 2162179
7 7,19 2.63062
16,13 2.63961
25,40 2.64875
35,05 3.65806
45.10 2.66755
55,58 2.67722
8 6,50 2.68708
17,90 2.69714
7'29!80 2.70740
42.24 2.71787
55.25 2.72856
9 8,88 2.73948
9 23,16 ~5063

Diff.

659
669
677
688
696
707-
716
27
758
749
761
772
785
797
811
824
838
851
866
883
899
914
A1
949
967
986
1006
1026
1047
1069
1092
1115

continuée!.

Zenitl
Dist.

84 50
85 00
10
20
30
40
50
86 00
10
20
30
40
50
87 00
10
20
30
40
50
88 00
10
20
30
40
50
89 00
10
20
30
40
50
90 00

Mean
Refrac.

9 38,12
9 53,84
10 10,35
27,70
46,08
11 5,30
25,66
47,15
12 9,88
33,97
59,51
13 %61
18*55,40
11726,04
14 58,71
15 33,60
16 10,89
16 50,8
17 33,6
18 19,6
19 9,0
20 2,2
20 59,6
sT 1,7
23 8,9
24 21,8
25 '40,9
27 71
28 40,8
30 28,3
32 15,0
34 17,5

Log.

2.76202
2.77367
2.78558
2.79777
.2.81025
2.82302
2.88611
2.849-51
2.86325
2.87735
2.89182

+2.90666
2.92189
2.93754
2.05662
2.97016
2.08717

#00466
31022G7
3.04122
3.06031
3.07098
3.10024
8:i21i;?
3.14268
3.16489
3.18779
3721140

'8:58.574

- 8.26083
3.28667
3.31334

Diffi

1139

1191
1219
1248
1277
1309
1340
1374
1410
1447
1484
1523
1565
1608
1654
1701
1749
1801
1855
1909
1967
2026
2089
8155
2221
2290
2361
2434

2584
2667



TABLE X. 141

Mi. Ivory’s Réfractions continuée!: sliowingdthe logarithms
of the corrections, on account of tlie state of the Ther-

mometer and Barometer.

Therraometer Barometer
Logarithm Logarithm Logarithm
L o™ 0 in.

80 9.97237 50 0.00000 81.0 0.0142?T
79 9.97820 4.0 0.00094 30.9 0.01248
78 9.97410 48 0.00190 8 0.01143
77 9.97500 47 0.00f85 7 0.01002
70 9.97596 40 0.00880 0 0.00800
75 9.97086 45 0.00476 5 0.00718
74 997777 44 0.00572 4 0.00575
73 9.97867 43 0.00GG8 3 0.00432
72 9.97958 42 0.00704 0.00280
71 9.98049 41 0.00801 1 0.00145
70 9.98140 40 0.00957 30.0 0.00000
69 9.9 822] 39 0.01053 29.9 9.9,9855
68 9.98383 38 0.01151 8 9.99709
07 9.98414 37 0.01248 7 9.99503
00 9.9850G 30 0.01346 0 9.99417
05 ".9:98598 35 0.01444 5 9.99270
04 9.98690 34 0.01541 4 9.99128
03 9.93783 33 0.01040 3 9.989/5
02 9.98875” **>82 0.01738 0 9.98826
61 9.98969 31 0.01837 1 9.98677
00 9.99061 30 0.01935 29.0 9.98528
59 9.99154 29 0.02033 ® 9 9.98378
58 9.99248 | 28 0.02J33 8 9.98227
57 9.99341 27 0.702321 7 9.98076
50 9.99434 «po 0.02331 0 9.97924
55 9.99529n -35 0.0243]sS 5 9.97772
54 9.92023 24 0.02531 4 9.97620
53 9.99717 23 0.02630 8 9.9/460
52 9.99811 22 0.02730 9 9.9731377
51 9.99900 21 0.02832 1 9.97158
50 0.00000 20 0.02033 28.0 9.97004



142

'FABLE XI.

Mr. Ivory’s Réfractions continuée!: sliowing tlie further

quantities by which the réfraction at lava altitudes is to

be corrected, on account of tlie state of the Thermome-

ter and Barometer.

Zenith
Distance

~
o]
O O O © o O O-

[or]
s
w
o

82 30

83 30

84 30

85 10
85 20
85 30
8> 40
85 50

86 10
86 20

d'ooo
0,0i2
0,015
0,018
0,028
0,030
0,040
0,046
0,056,
0,063
0,074
0,089
0,107
0jiSO
0,159
0,171
0,184
0,198
* 0,213
0,229
0,248
0,269
- 0;2f| £

+

+

0,04" »
0,05
0,07
0,08
0,10
0,11
0,13
0,16
0,30
0,25
0,26
(fisr-
0,31
0,86-
0,36
0,39
0,43
0,47

Zenith
Distance

o [/
86 30
86 40
86 50
87 0
87 10
87 20
87 30
87 40
87 50
88 O
88 10
88-*20
88370
88 40
88 50,
89 O
89 10
80 20
89 30
89 40
89 50
90 O

0",317
0,345
0,376
0,410
0,448
0,490
0,538
0,593
0,654
0,722
0,799
0,887
0,987
1,101
1,281
1,%80
1,551
1,749
1,977
2,.241
2,549
2,909

n
+ 0,51
0,56
0,62
0,68
0,75
0,83
0,91
1,01
1,13
1,26
1,41
1,59
1,79
2,02
%29
2,61
2,98
3,41
3,93
\ 54
5,26
+ 6,12

The column marked T is to be niultiplied by (t—50°): and the

eolumn marked B is to be multiplied by (/3—30in00).

The résulta

are to be applied to the approximate refraction obtained by the pre-

ceding tables.



TABLE XII. 143

Dr. Brinldey's Refractions: containing the logaii'hms of

tlie quantities depending Olltlie ,st]jte of the Therniometer.

PaL Far. Far.

Thenn. Log. T Therra. Log. T

10 0.3283 34 0.304» ¢ 580 0.28377
1 0.3273 35 0.3039 59 0.2818
1 0.3863 36 0.3030 60 0.3809
13 0.3253 37 0.3020" 61 0.3800
14 oH 3 38 0.3011 62 0.2%1
15 0.3233 39 0.3001 63 0.2782
16 0.3225] 40 0.2992» 64 0.2773
17 0.3213 41 0.2988 65 0.3”64
18 0.3203 42 0.29)4 60 0.27S5
19 0.3193 43 0.2965; 67 0.2746
20 0.3183 44 0.2956 68.  0.3737
81 0.3173 45 0.2946 69 0.2728
22 0.3163 46 0.2937 70 0.2720
23 0.3154 47 0.2928 71 0.3711
24 0.3144 48 0.2919 72 0.2703
25 0.3134 49 0.2910 73 0.26.94
26 0.3124 50 0.2900 74 0.2685
0.3114 51 0.2891 75 0.2677
28 0.3105 52 0.2881 76 0.2068
29 0.3095 53 0.287*2 77 0.2660
30 0.3086 54 0.2803 78 0.265S
31 0.3076 55 0.2854 79 0.2644
3iC, 0.3067 56 0.2845- 80 0.2636
33 0.3058 57 0.2836 81 0.2027

Approximate Refraction = T./3.tanZ

Correct Refraction = T.fl.tanZ —c



144. TABLE XIII.

Dr. Brinkley’'s Refractions contd: containing the quantity c,
depending on the state of the Barometer and Zenith di-

stance, to be deducted from theTipproximate refraction.

Zenith Barometer
Dist. \prs0 2000 29.50 30.00 30.50
o 0o 0.0
30 0,0 0,0
40 01 01
“4s 0.2 0,2
50 0,2 0,2
. 0.2 e
54 0,8- 0,3
56 0,3 0,3
58 0,4 0,4
00 0,5 05
61 0,5 05
62 0,6 0,6
63 0,6 0,6
64 0,7 0,7
65 0,8 0.8
66 0,9 0,9
67 1,0 1,0
68 1,2 1//,2 {/,3 12 12
69 13 13 13 14 14
70 15 15 15, 16 16
71 18 1,8 19 19 19
72 21 21 22 22 22
73 25 26 26 26
74 30 30 31 31 32
79l 3,4 3,4 3,5 8,6 3,7
76 41 42 43 44 4p
77 % fil 5'X 53 55 56
78 63 64 66 67 69
79 81 83 85 85 89

80 105 10,7 109 111 11,4



Paraliax of the Sun, on the first day of each month :

TABLE XIV.

mean horizontal paraliax being assumed =

Zenith
Dist.

o og

10
15
20
25
30

35
40
45
50
55
00

65
70
75
80
85
90

Jilll.

n
0,00
0,76
1,52
2,26
2,99
3,70
4,37

5,02 _

5,62
6,19
6,70
7,17
7,58

7,93
8,2?
8,45
8,62
8,73
8,75

Feb.
Dec.

n
0,00
0,76
1,52
2,26
2,98
3,69
4,36

5,01
5,61
6,17
6,68
7,15
7,56

7,01
8/2(L
8,43
8,59
8,69
8,73

March April
Nov. Qet.
u u
0,00 0,00
0,76 0,75
151 1,49
2,25 2:2.3
2,97 12,94
3,67 3,63
4,34 4.30
4,98 4,93
5,58 5,58
6,13 6,08
6,64 6,59
711 7,04
751 7,45
7,80 7,79
8,15 8,08
8,38 8,30
854 8,47
8,64 8,56

8,67

8,60

May
Sept.

H
0,00
0,74
1,48
281
2,92
3,60
4,26

4,89
5,48
6,03
6,53
6,99
7,39

7,73
8,01
8,24
8,40
8,50
8,53

June
Aug.

u
0,00
0,74
1,47
2,19
2,90
3,58
4,24

4,86
5,45
5,99
6,49
6,94
7,34

7,68
7,97
8,19
8,35
8,44
8,48

8",60.

July

0.08
0,74
1,47
2,19
2,89
3,57
4,23

4,85
5,44
5,98
6,48
6,93
7,33

7,67
7,95
8,17
8,33
8,42
8,46

145

the



146 TABLE XV.

Logarithms of sin3| P, in time.

Mimites 3 hours 4 hours 5 hours 6 hours 7 hours

0 9-165679 9-397940 9-568894 9-698970 9798933
1 170240  +401214 571258 700865  +80038-1
2 *174773 404471 573811  m702743  +801828
3 «179278  «407713  +576253 704018  <8(£8366
4 +183750  «410938  +578684  +706484 804697
5 «188207 ©414147 «581104 «708342 806122
6 «li?631 417340 *583513  +710192 807540
7 +197028  «420517  *585911  +712034  +808952
8 i «ifoi399 423679 588299 713868 810357
9 +205745  «426825  +590676  +715694 811750

10 +210004 429955 593042 717512  +813149

1 +214358 433070  +595398  +719322  *8E5&5

12 «218627 430170  +597744 |_7E1124 815915

13 «222870 439257 600078 722919 817289

14 «227089  +442325  «602403  *724705  +818656

15 445379 604717 <*'726484 820017

16 *235454  «448419 607021  <71&gg5  «82137j2

17 ©239600  -4'51445 +609315  <730018 1 -g22721

18 «24372r 454455 m611598 731774 Bia003

19 N34782f 'e467451 013872 ‘733522  +8258"9

20 «251897  +460431 016135 785202 826729

21 *255049  +463400 +018388  +736994 £m£28053

22 *203978  +466354 ~020632  +738/19  +829370

23 *263985  +469293  +622865  «740437  +830672

24 *267)69  «43*2218  +635089 742147  +831987 !

25 «271930 475129  m627303 *743849 «8&JE 87

20 -275870  «478020 629507 745544  «834580

27 R© 83 480909 +631701 747238 8357

28 *283684 483779  *633886  +748912  +837148

‘29 13287656 9'486635 9-686001 9-7505!y 9-838424



Table XV. continue*!. H"7

Logarithms of siriic P, in time

illimiitS 3 hours 4 hours 5 hours 6 houre." 7 lioursa?

30 9-891412 9-48.9478 9-638007 9-7520511, 9-839693

31 «295244 498307 640383 *753909 840956
8¢g m299055 m495123 *640529 *7555.00 842213
- 33 m302845 *497926 m644666 *757203 *843464
34 *306615 u500716 *646794 m758840 *844710
85 m310364 u503492 *648913 m760469 *845949
36 *314094 u50.6256 1651022 *762091 +847183
37 +317803 509007 653122 *763706 +848410
38 m321492 511745 *655213 m765314 *849632
39 305161 514470 657094 766914 +850848
40 +328811 «517183 *659367 768508 +852058
41 *382442 «519883 *661430 *770094 +858263
48 *336053 | -581570 +663485 771674 «854461
43 +339645 1-57245 *665530 n773247 *855654
44 *343019 527908 «667567 774812 1-856841
45 346778 u530559 m669594 «776371 «858022
46 +350309 533197 *671613 *777922 +859198
47 «353g27 535823 673623 779467 *860367
48 *35.7£06] +538437 *675624 *781005 +861532
49 360807 541040  .677617 <78E536  +862690
50 «364270 +543630 *679601 *784061 +863843
51 m367715 546208 *681576 m785578 864990
82 m371142 548775 683543 *787089 +866131
53 m374552 «551330 +685501 *788593 «867367
54 *377945 +553874 687450 *790090 +«S68397
55 +381300 556406 *689391 «791580 869522
56 +384678 558926 691324 *793064 *870641
57 +388018 «56148,* m693248 *7945-41 871754
58 :39184g u563933 *695163 *796012 «87286.2

59 9-394650 9-566419 9-697071 9797476 9-873964

u ?2



148 table xvi.

For the équation of Equal Altitudes of the Sun.

Interval Log. A Log. B Interval Log. A Laf. B 1
h m h m
2 0 7-7297 7-7146 3 0 7-7359 7-7015
2 «7298 *7143 2 *7362 u7010
4 u7300 *7139 4 *7364 (o0)
6 «7302 *7136 6 *7367 *6999
8 7304 7132 8 7369 *6993
10 *7305 B 10 «737N +6988
12 7307 *7125 1-"42 7374 +6982
14 «7-309 7121 14 . -7377 *6976
16 7311 «7117 16 *7380 6970
18 7313 7113 18 *7383 +6964
20 *7315 7109 20 *7386 *6958
22 7317 *7105 .22 *7388 *6952
24 7319 17101 24 *7391 6946
' 26 7321 «7097 26 9 '-7394 6940
28 *7323 7092 28 7397 *6934
30 *7325 «7088 30 *7400 6927
32 *732* «7083 32 *7403 «6921
34 *7329 «7079 34 *7406 *6914
36 *7331 7075 36 *7409 +6908
38 «7333 7070 38 *7412 *6901
40 m7336 *7065 40 7415 *6894
42 *7338 «7061 42 *7418 +6888
44 *7340 *7056 44 7421 +6881
46 7342 «7051 46 7424 6874
48 u7345 *7046 48 *7428 6867
50 7347 7041 50 *7431 <6859
52 7349 *7036 £8". 7434 *6852
54 7352 «7031 54 «7437 «6845
56 u7354 7026 56 7441 +6838

58 7-7367 7-7021 58 7-7444 7-6830



T able XV I. continuéel. 149

For the équation of Equal Altitudes of the Sun.

Interval Log. A Log. B Intel-,val Log. A Log. B
h m h m
4 0 7-7447 7-6828 5 0 7-7563 7-6556
2 7451 m6815 2 *7566 *6546
4 *7454 «6807 4 «7570 *6536
6 7458 6800 6 7575 *6525
8 7461 67112 8 «7579 m6514
10 n7464 m6784 10 *7583 «(j.501
12 *7468 *6776 12> «7588 *6493
14 *7472 6768 14 j ,-7692 *6482
16 7475 *6759 16 7597 6471
18 n7479 *6751 18 *7601 m6460
20 7482 6743 20 *7606 -6448
22 u7486 6734 *7610 6437
24 *7490 n6726 24 *7615 *6425
26 u7494 6717 26 *7620 6414
28 7497 6708 28 7624 m6402
30 7501 *6700 30 *7629" *6390
32 *7505 *6691 1 7634 *6378
34 *7509 *6682 34 *7638 *6366
36 *7513 m6673 36 1-7643 u6354
38 w7517 *6663 38 *7648 6342 |
40 m75ai *6654 40 *7653 6329
43 «7525 *6645 ~'48r *7658 6317
44 *7529 *6635 44 *7663 6304
46 ! -7-533:- *6626 46 *7668;- *6291
48 ! -7537 *6616 48 7673 «6278
50 j -7541 *6606 50 *7678 *6265
52 *7-545 6597 52 *7683 *6252
54 *7549 6587 54 -7688 *6239
56 *7553 «6577 56 *7693 ' -6225

58 7-ms 7-6567 5%-*  7'7698 7-6.212



10 T abte XVI. continued.

For theequation of Equal Altitudes of tlie Sun.

Interval Log.-A Log. B Interval Log. A LogrtB m
h m N m
6 O 7-7703 7-6198 7 0 7-7873 7-5717
«7708 *6184 2 n7S>9. 5699
4 u7713 *61/0 4 *7885 *5680
6 «7719 *6156 6 -7891 *5661
8 n7724 u6142 8 *7898 *5641
10 7729 n6427 10 7904 5622
12 u7735 6113 Tw *7910 5602
14 «7740 *6098 14 «7916 *5582
16 7745 =6083 16 7923 u5562
18 7751 6068 18 7929 ' 5542
20 n7756 *6053 20 u7936 5522
, 22 7762 m6038 22 7942 «5501
24 7767 *6023 «7949 +5480
26 <7773 <6007 26 *7955 'i -5'459
28 7779 «5991 28 *7962 5437
30 7784 5975 30 *7969 5416
32 7790 <5959 32 7975 5394
34 7796 ' -5943 34 m7982 5372
36 «7801 <5927 36 7989 5350
38 «7807 «5910 38 «7995T- 5327
40 *7813 j 5|S%4 40 +8002 <5304
42 u7819 «5877 42 +8009 . -5281
44 7826 u5800 44 «8016 u5258
46 w7831 «5843 46 «8023 +77234
48 *7836 «5825 48 8030 u5211
50 7842 ' -5808 50 8037 +5186
52 -7848 *5790 52- t -8044 *5162
54 «7854 5772 54 . -8051 5137
56 ‘N6 0 5754 56 «8058 5112

58 7-7867 7'5236 58 7-8065 7-5087



Pabilf XVI. contimied. 15

For the équation of Equal Altitudes of the-Sun.

Interval Log. A Log, B Interval Log. A Log. B
h m h m
8 0 7-8072 7-5062. i 9 O 7-8302 7-4131
2 «80/9 *5036 2 «8311 4093
4 +808G 5010 4 =83.19-- *4055
C +8094 *4983 6 -8828 «4016
8 *» 01 *4957 8 *3977
10 8108 «4030 10 -8344 +3937
12 811G «4902 I m8353- *3896
14 *8123- *4874 14 *8361 +3855
16 +8130 *484G 1G m8370 *3813
18 8138 4818 18 -8378 3771
20 «8145 «4789 20 -8i4s7 «3728
«Sfc22 «8153 *4760 1a#*22 +8896 *3G84
u-24 +8160 ;471U 24 u3404 *3639
2G +8168 «4701 2G +8413 3594
28 «8170 «4671 W28 *8422 *3548
30 m8L-83- *4640 30 «8430 «3501
32 «8191 *4G09 32 «8439' 3454
34 +8199 y-4578 , 34 +8448 * 1:3406
36 +8206 ,-.4546 3G 8457 3357
38 e SSpp *4514 38 *8466 «3307
40 ~1222 *4482 40 «8475 256
42 «8230 ~4449 42 -8484 1 xi-'Of)
44 +8238 *4415 44 «8493 3152
4G «8246 «4381 4G «8502 3099
48 8254 4347 -i*18 «8511 «3045
50 «8262 4312 P 50 «8520 +2989
52 «8270 4277 52 «8530 *-«938
ot; 54 :877¢8 4241 54 -8589 «2876
56 +8286 *4205 56 «8548 2817

53 7-8.294 7-4168 58 7-8558 7-2758



152 T abte XVI. continuée!.

For tlie équation of Equal Altitudes of the Sun.

Interval Log. A Log. B Interval Log. A fLog. B
h ni h m

10 O 7-8.ft?7 7-*697 1 0 7-8868 7'00So
2 8576 *2635 2 -8878 6-9889

4 +8586 2572 4 u8889? *9748

6 +8595 «2507 6 +8900 *960.2

S +8605 «24.41f J 8 «8911 *9449
10 -8614 2374 10 8922 9290
12 8624 «2306 12 «8932 *9M5
14 +8634 u2236 14 +8943 8953
16 m8643 «2164 16 +8954 «8770
18 «8653 «2091 18 +8965 +8580
20 < -8663 «2016 20 «8977 «8379
22 8673 «1940 m89S8 +8168
L] -8683 «1861 =3999 *7945
26 +8603 «1781 ‘n26 «9010 7709
28 «8703 *1699 28 «9021 7457
30 «8713 «1615 30 +9033 *7189
32 «8723 «1529 32 «9044 =6901
34 «8733 «1440 34 *9055 *6591
36 8743 «1349 111 36 *9067 *6255
38 *8753 *125(5 38 *9078 «5889
40 -8763 «1160 40 «9090 5487
42 8773 «1061 42 «9102 «5011
44 -8784 0960 44 «9113 *4541
46 8794 +0855 46 «9125 «3973
48 +8804 m0748 48 «9137 +3316
50 m8815 0637 50 «9148 «2536
52 «8825 m0522 52 «9160 «1579
54 -8836 0404 54 «9172 6-0341
56 -8846 1 70'382 56 «9184 0-8593

58 7-8857 7-0156 58 7-9196 5-5594



T able XV I. continuée!. 153*

For the équation of Equal Altitudes of the Sun.

Interval Log. A Log. B Interval Log. A Log. B
h m h m
12 0 7-0208 B=0 13 0 7-9593  — 7-0750
2 «9220  — 5-5649 2 *9607 <0905
4 «9n32 5-8641 4 «9620 +1056
6 «9245 6-0414 6 *9634 +1203
8 «9257 «1675 8 «9648 +1345
10 *9269 <3657 10 *9662 «1484
12 sggi +3461 12 *9676 +1619
14 924 «4142 14 *9690 +1751
1G +9306 «4734 16 <9704 +1880
18 -9319 *5258 18 +9718 «2006
20 +9331 5728 * 0 «9732 *2129?
22 +9344 *6154 22 *9746 «2249
24 «9357 *6545 24 «9761 2367
2G -9869 «6905 26 «9775 «2482
28 *9382 «7239 28 *9789 ,*2595
30 m9395 «7551 30 «£9g04 «2706
32 -.9408 «7843 32 -0818 «2815
34 *9421 -8119 34 -9863 jrg9.22
36 +9433 *§380 36 +9848 *§026
38 *9446 «8637 38 -9862 «31&C
40 9460 +8863 40 «9877 3231
42 *9473 +9087 42 -9892 +3330
44 *9486 ~302 44 -9907 +3428
46 *9499 «9507 46 «99g&:- «3524
48 «9512 «9705 48 +9937 *3619
50 «9526 6-9895 50 *9952» «37121-
«9539 7-0078 52 «9967 «3804
54 «9552 «0254 54 +9982 +38.94
56 -.9566 *QAAJ 56 7-99.98 u3984

7-9580 — 7-0590 58 8-0013 - 7-4071



1.34* T able XV 1. continued-

For the équation of Equal Altitudes of the Sun.

Interval Log. A Log. B Interval Log. A Log. B
i h m
14 0 8-0G2&T — 7-4158 15 0 8'0521 _ 7-6350
2 m0044 *4244 g *0539 *6413
4 <0059 4328 4 <0556 04ra]
6 m0075 m4412 6 «0574 u6537
8 =0090 m4494 8 *0592 m6599
10 +0106 *4575 10 «0610 *6660
«0Ins'1 4655 12 +0628 n6721
14 «0138- * 4736 14 +0646 *6781
16 «0154 «4813 16 0664 *6841
18 m0170 «4890 18 +0682 m6900
20 +0186 «4967 '20 «0700 *6959
«S » <0202 u5043 22 «0718 w7018
‘24 u0218 <5118 0737 7077
26 =0234 w5190 26 -0756 «7135
'28 «0250 5,265 28 «0774 7192
30 0267 +5338 30 «079.2 *7849
32 «0283 u5410 32 «0811 ?;730d
34 +0300 m6481 ' 34 +0830 u7363
36 «0316 «5551 36 0849 *7419
38 +0333 38 0868 7475
40 +0350 u5690 40 -0887 m75¢g
42 m0367 * NG?759 42 *0906 '7586
44 0384 «5827 44 0925 7641
46 =0400 5894 46 +0945 *7696
48 0417 u5961 48 m0964 «7751
50 -0430’ «6027 50 m0983 u780U
52 -U4$S m6092 52 «1003 u7859
54 «0469 m6158 54 «1033 7912
R s *0486 «6.228 56 ul042 *7966

58 8-0504 — 7-6286 58 8-106» — 78019



T able XV 1. conunued. 155*

For the équation of Equal Altitudes of the Sun.

Interval Lo!;. A Log. B Interval Log. A Log. B
h m h m

1G O 8-1082 — 7-8072 17 O 8-1726 — 7-9571
o «1102 u8125 | -*2 -1.749 *9618
4 mlit? u8177 4 «1773 *9666
G 1143 «8229 6 ul796 «9713
8 «1163 «8281 8 ml819 m9761
10 «1183 +8333 10 «1843 m9808
12 nlw4 *h385 “ <42 1867 *9855
14 «1224 u8436 14 «1890 *9902
16 «1245 VF487 16 ml914 *9949
18 *1266 +8538 18 «1938 7-9996
20 «1287 +8589 20 n196i$i 80043
22 +1308 +8640 22 «1987 =0090
24 «1320 +8690 24 «2011 <0137
26 +1350 u8740 26 +2036 «0184
28 ml371 «8790 28 «2061 «0230
30 =1393 -8840 30 2086 <0277
32 «1414 m8890 G'02 «2111 «0323
34 ul436 +8939 34 2136 0370
36 «1458 +8989 36 «2161 *0416
38 «1479 m9038 38 «2186 m0462
40 «1501 =9087 40 «2212 ~0508
42 +1523- w9136 42 «2237 «0555
44 «1545 «9185 44 2263 «0601
46 «1568 m9234 46 «2289 «0647
48 «1590 «9282 48 «2315* +0693
50 *1612 ‘79330 50 2341 «0739
52 1635 m9379 52 2367 «0785
54 «1658 «9427 54 2394 «0831
56 «1680 9475 56 «2420 0877

58 8-1703 — 7-9523 58 8-2447 — 8-0923]



156*

Interval

18

T able XVI.

continued.

For the équation of Equal Altitudes of the Sun.

20
22
24
26

30
32
34
36
38

40

14
46
48
50
52
54
56
58

Log. A

8-2474
2501
2529
2556
2583
2611
2639

pS'67
2695
<2723

u2781
«2809
+3838
+2868
«2897
*2926
*2956
*2986
+3016

+3046
*3077
«3107

«3138

«3169
«3200
«3232
*3263
«3295
8-3327

Log. B

— 8-0969
«1015
«1061
u1107
«1153
«1199
«1245
*1291
«1336
«1382

1428
1474
1520
1566
«1612
1658
1704
1750
1797
1842

-1889
«1935
«1981
L.-3028
«2074
2121
'-2167
2214
*2261

— 8-2307

Interval

h

o o A~ N

. 40
12
14
16
18

20
22
24
26
28
30
**<32
34
36
38

40
42
44
46
48
50
52
54
56
58

m
19 0

Log. A

8-3359
*3392
3424
*3457
*3490
«3524
«3557
3591
«3625
*3659

«3694
«3728
*3763
«3798
«3834
+3869
*3905
*3941
«3978
«4015

«4052
«4089
u4126
4164
«4202
4241
m4279
*4318
*4357
8-4397

Log. B

— 8-2354
«2401
«2448
*2495
«2542
u2589
*2637
-2684
2732
2779

«2827
«2875
*2923
2971
*3019
+3068
«3116
*3165
3214
*3263

*3312
«3361
*3410
«3460
m6510
+8560
*3610
*3660
«3711
— 8-3761



T able XVI. continued. 157*

For the équation of Equal Altitudes of the Sun.

Interval Log. A Log. B InteFval Log. A Log. B
h m h m

20 O 8-4437 — 88812 ‘Si j 8-5510 — 8-5406
2 4477 +3863 2 *5863 5527
4 «4518 *39® 4 5917 +5588
6 «4559 3960 6 *5971 *5650
8 «4600 «4018 8 *6025 5312
10 <4641 4070 10 6081 5775
£*2 «46S3 4122 12 *6136 53838
14 «4720 4175 14 «6193 «5902
10 *4708 4227 10 *6250 *5906
18 *4811 «4280 18 +6308 m6081
20 4854 «43.34 20 76000 ~6096
22 *4898 «4387 2* *6420 6166

24 4942 4441 24 *6486 *6329j
26 4987 «4495 20 *6540 *6296
28 5032 14549 28 -0008 *6364
30 *5077 4004 30 «0670 «6433
5123 «4059 - 32 *6733 :650e

34 n5169 34 0796 65"
30 . -5215 14770 36 *6861 *6643
M- u-5262 4826 38 6927 *6715
40 «5310 m4882 40 «6993 *5-738
42 5357 *4939 42 +7060 *6860
44 *5406 m4996 44 *7128 *6934
46 *5455 +5053 46 7197 *7009
48 5504 <5111 48 *7268 *7085
50 5554 *5169 50 *7339 7162
52" -5604 N8 52 7411 7239
54 *5655 <5287 54 7484 7318
56 5700 «5346 56 *7558 «7398

58 8-5758  — 8-5400 58 8-7634  _ 8.7478



158*

T aifi.e XV I.

contintied.

For the équation of Equal Altitudes of the Sun.

Interval Log. A
h ro
22 0 8-7711
. -7789
4 -7868
fi 7948
8 +8030
10 «8113
12 +8198
14 «8284
16 8372
18 *8461
20 «8553
23 +8645
-'24 «8740
26 «8837
28 *8935
30 *9036
32 «9139
34 9244
36 *935-1
38 . m9461
40 9574
42 *9689
44 +9807
46 89928
48 9 0053
50 =0180
52 «0311
54 m0446
56 +0585

58 9-0739

Lpg. B

— 87590
+7643
w7727
7818
+7899
-7987
-8076
8167
8359
C$S5LS |

-8448
m8545
*8 644
mg8745
-8847
m8953
*9058
«9167
«9278
«9391

«9507
*9636
9747
-an"871
8-9999
9-012ST
«0263
«0401
«0543

— 9-0689 J

luterval

1l
33

oocvhmog

10
12
14
16
18

. 20

22

24

26

28

30
iilaggi'L,
34

36
«eH33

40
42
44
46
48
50

54
1*I-V6
58

Log. A

9-0877
«1029:
1187
1851
1520
1696
«187-9
#2069
2268
3476

2693
2922
3162
3416
-3685
3971
4376
4604
4957
5341

-:576i
6224
m0742
u7338
«8003
«8801
9-9776
01031
0-2798
0-5814

Log. B

m099r3
«1155
«1321
«1492
«1670
1855
*2047
2248
«2456

2677
*3907
«3149
«3404
3074
*3962
*4268
m4597
«4952
+5366

5757
6221
6739
7326
-8001
-8800

9-S77|

0-1031

0-2798

0-5814



TABLE XVII.

15£

Showing the Altitude of a star, whose Déclination is less

than the Latitude of the place, at the moment of its pass-

ing the Prime Vertical : also of a star, whose Déclina-
tion is greater than the Latitude ofthe place, at the time

of its greatest Azimutli, or at the moment when the ver-

tical becomes a tangent to the circle of déclination.

N.B. The Déclination must be on the saine sidBof the

equator as the Latitude of the place.

Lat.

o 9(3) O1
10 30 8
15 1941
20 14 46
25 11 54

fso 10 &

8 44

7 48

6 32;
6 0
5 47
531
5 19

3838 HB &S

10°

[0}
30
90
42
30
24
20
17

14

EER &

10

t

0
8
31
16
19
37

40
13
6
14
34
3

39

Déclination of the star

15° e
19O 41I 140 46
42 8 30 3
90 0 491
49 11 9 O
37 46 54 40
3110 43 10

136 49 36 36
2345’ 32 9
21;28 28 56
1945 26 31

18™ 2441
17 23 23 16
16 36 =2 10
155 2121

25°

:I_'I.054l
24 16
37 46
5470

90 O
57 45
47 28
41
36
33
31
29
27
26

258,88 o0

30°

0
10

20
31
43
57
90
60
51
45
40
37
35
33
32

The change of altitude, on the Prime Vertical, in one

is = 15" x sinLat.

1

EY dordodibbbnw

29

£ &

39
37

second of time



154 TABLE XVIII.

For the Réduction to the Meridian : showing the value of
A_ 2sin2™P
— sin 1"

séE.  Om 1mx 2™ 3m 44 5m 6In m

0 do 30 78 177 314 491 707 962
1 0,0 2,0 8,0 17,9 31,7 49,4 7i,i 96,7
2 00 21 81 181 319 497 715 97,1
3 00 22 82 183 32, 501 71,9 976
4 00 22 84 185 325 504 723 98,0
5 00 23 85 187 327 50,7 72,7 985
6 00 24 87 189 330 5L1 731 99,0
7 00 24 88 191 333 514 735 994
8 00 25 89 193 335 51,7 739 999
9- 0,0 sfe.o 91 195 338 521 743 1004
10 01 27 9,2, 197 341 524 747 1008
1 01 27 94 19M 344 527 751 1013
2 01 28 95 201 346 531 755 1018
13 01 29 96 203 349 534 759 1023
14 01 30 98 205 352 538 763 1027

15 01 31 99 207 355 541 787 1032
01 31 101 80,9 357 545 771  103,7
17 02 32 102 21,2 360 548 75 104,22
18 02 33 104 k1@ 303 551 779 1046
19 0.2 34 105 i-ljijj 366 555 783 1051

5]

20 02 35 jo,7 21,8 369 558 788 1050
21 0,2 3,6 108 22,0 372 jfig,2 792 106,1
00 0,3 3,7 110 j22,8. 374 565:- 790 106,6
23 03¢ 38 11,2 225 w®-7,7 569 80,0 107,0
24 03 38 11,3 227 380 573 804 1075

25 0,3 3,9 115 229 383 576 808 1080
26 04 4,0 11,8 231 380 580 813 1085
27 04 41 11,8 234 389 588 817 1090
28 04 4,2 119 230 392 587 81 1095
29 05 4,3 121 238 S95 590 825 1100



Table XVIIIl. continued. im

For the Réduction to the Meridian: showu g the value of
2sin31 P
sin 1"
Sec. om Im 2m is 1 4m 5m 6m ym
30 orjs 4{{4 12r,13 24|:o 3§;i,8 59|!4 8?!I,O 116],4
31 0,5 4,5 12,4 $4,3 40,1 898 834 1109
32 06 4,6 126 245 40,3 GO1 .838 1114
33 06 4,7 128 24,7 40,6 605 84,2 1119
34 06 4,8 12,9 250 409 60,8 84,7 1124

35 0,7 4,9 13,1 25,2 41,2 61,2 85,1 112,9
3G 0,7 50 13,3 25,4 41,5 61,9 855 113,4
37 0,7 51 13,4 25,7 41,8 61,9 86,0 113,9
38 0,8 5,2 13,6 25,9 42,1 62,3 86,4 114,4
39 0,8 5,3 13,8 26,2 42,5 62,'7 86,8 114,9

40 09 54 140 26,4 428 630 87,3 1154
4 09 56 141 266 431 634 87,7 1159
42 10 57 143 269 434 638 881 1164
43 10 58 145 271 437 642 886 1169
4 g4 59 14,7 27,4 440 645 89,0 1174

45 11 6,0 14,8 27,6 443 64,9 895 1179
40 12 6,1 150 27,9 446 653 89,9 1184
47 1,2 6,2 152 28,1 449 657 903 1189
48 13 6,4 154 283 452 660 90,8 1195
49 13 6,5 15,6 286 455 66,4 91,2 120,0

50 1,4 66 158 288 459 66,8 91,7 1205
51 1,4 6,7 159 29,1 46,2 67,2 92}1 1210
52 15 68 161 294 46,5 67,6 926 1215
53 15 70 163 296 46,8 680 930 1220
54 1,6 71 165 29,9 471 683 935 1225

55 1,6 72 167 301 47,5 687 939 1231
56 1,7 73 169 30,4 478 691 944 1286
57 - 18 75 171 30,6 481 695 948 1241
58 18 76 17,3 30,9 484 699 953 1246
50 19 77 175 311 488 703 957 1251

X 2



156 Tabte XVIII. continued.

Foi- the Réduction to the Meridian : sliowing the value of

Sec. 8m 9m 10m II'm 12m 13m 14m -

ii i n ii
125,7 159,0 196,3 237§ 13827 331,8 384,7

0

1 126,3 159,6 '97,0 238,3 288" 332,6 385,6
2 160,2 197,6 289,0 284,2 333,4 386,6
3 127,2 160,8 198,3 239,7 285,0 334,3 ,387.,5
4 127,8 161,4 198,9 240,4 285,8 335,2 388,4
5 12® 162,0 199,6 241,2 286,6 336,0 389,3
6 128,8 162,6 200,3 241,9 287,4 336,9 390,2
7 129,3 163,2 200,9 242,6 288,2 337,7 391,1
8 129,9 163,8 201,6 243,3 ~89,0 338*6 392,1
9 130,4 164,4 203,21~ 2441 289,8 339,4 393,0

10 131,0 165,0 202,9 244,8 *£90,6 340,31 393,99
11 131,5 165,6 203,6 245,5 291.,4 341,2 394,8
12 132,0 166,2 204,3 +346,3 2922 342,0 395,8
13 132,6 166,8 204,9 247,0 293,0 342,9 3.96,7
14 1331 167,4 05,6 247,7 293,8 348,7 397,6

15 133,6 168,0 206,3 248,5 294,6 .344,6 398,6
16 134,2 168,6 206,9 249,2 295,4 345/5 399,51
17 134,7 169,2 207,6 249,9 296,3" 346,4 400,5
18 135,3 169,8 208,3 250,7 297,0 347,2 401,4
19 135,8 170,4 208,9 251,4 297,8 348,1 402,3

20 136,3 171,0 209,6 252,2 298,6 349,0 403,3
21 136,9 171,6 210,3 253,0 299,4 , 849,8 404,2
22 137,4 1723 211,0 253,6 300,2 350,7 405,1
23 138,0 172,9 211,7 254,4 301,0 351,6 406,0
24 138,5 173,5 212,3 >255,1 KOI,8 352,5 407,0

.35 139,1 174,1 213,0 265,9 302,6 853,3 408,0
26 139,6 174,7 213,7 256,6 303,5 854,2 408,9
27 140,2 175,3 2144 257,4 304,3 1355,1 409,9
28 140,7 175,9 215,1 258,1 305,1 356,0 410,8
29 141,3 176,6 ,215,8 258,9 305,9 356,9 411,7



For tlie Réduction to the Meridian

Sec.

30

32
33
34

85
36
37
38
39

40
a1
45
43

45a
46
47
48
49

50
51

53
54

55
56
57
58
50

u
141,8
145,4
143,0
143’5
144,1

144,6
145,0
145,8
146,3
146,9

147,5
148,0
148,6
149,2
149,7

150,3
150,9
151,5
152,0
152,6

15(1,2
153,8
154,4
154,9
155,5

156,1
156,7
157,3
157,8
158,4

T able XVIII.

u
177,3
177,8
178,4
179,0
179,7

180,3
180,9
181,6
182,*
182,8

183,5
184,1
184,7
185,4
186,0

186,6
187,3
187,9
188,5
189,2

189,8
190,5
1911
191,8
192,4

193,1
193,7
194,4
195,0
195,7

10

216,4
2171
217,8
218,5
219,2

219,9
220,6
221,3
222,0
222,7

223,4
224,1
224,8
2255
220,2

226»9
221,6
228,3
229,0

230,4
2311
231,8
232,5
233,2

234,0
234,7

"#5,4

236,1
236,8

continuéel.

157

: showing the value oi

2sin21,P
Iim I'2'ikfl
u
209,t> 306J
260,4 307,5
061,1 308,4
261,9 309,2%,
262,6 310,0
«'263,4 310,8
264,1 311,6
264,9 3125
«'265# 313,3
266T  314,1
y267,2  315,0
267,9 315.8
268,7 316,6
269, 317,4
270,3 3183
271,0 3191
271,8 319,9
272,6 =m8208
273,3 321,6
2741 3224
,074,9 3238
275,6  324,1
276,4 325,0
277-, 325,'S
P?8,0 326,7
2788 327,5
2795 3284
280,3 329,2
281,1 330,0
281,9 3309

13m

1
357,7
,658,6
359,5
360,4
361,3

362,2
368,1
364,0
364,8
366,7

360,6
367,5
368,4
r869,3
370,2

3711
372,0
372,9
373,8
374,7

375;6
376,5
377,4
378,3
379,3

380,2
381,1
382,0
382,9
383,8

14m

n
412,7
413,6
414,6
415,5
416,5

417,5
418,4
419,4
420,3
421,3

422 2
42if2
424,2
425,1
426,1

427,0
428,0
429,0
429,9
430,9

431,9
432,8
433,8
434,8
435,8

436,7
437,7
438,7
439,7
440,6



158 Table XVIIIl. continued.

For the Réduction to the Meridian : showing the value , f

2 sin2i P
Sec. 15" 16" 17" 18" 19" am 21
u u u Il
0O 4416 5025 5672 6359 708T 7849 865*3
1 4426 5035 5683 6370 709,7 786, 866,6
2 4436 5046 5694 6382 7109 7875 868,0
3 4440 5056 5705 6394 7121 788,8 8694
4 4456 506,7 5716 6406 7134 790,1 8708
5 4465 5077 5728 6417 7146 7914 8r-1
6 4475 5088 5739 6429 7159 792,7 8735]
7 4485 50018 5750 6441 7171 7940 8749
8 4495 5109 5761 645;~ 7184 79,4 8763
9 4505 5119 5772 6465 7196 796,7 '877,6
10 4515 5130 5784 6477 7209 7980 8790
11 4525 5140 57955 6489 7221 799,33 8804
12 4535 5151 5806 6500 7234 800,7 8818
13 454)5/- 5161 581,7 6512 7246 8020 8832

14 4555 55172 5829 6524 7259 8033 8846

15 4565 5183 584,0 6536 7272 8046 886,0
16 4575 519,3 5851 654,8 7284 8060 8874
17 4585 5204 5862 6560 729,7 807,3 8888
18 4595 5215 5874 6572 7309 8086 8902
19 4605 5225 5835 6584 732’2 8099 *891,6

20 4615 5236 5896 6596 7335 811,3 8930
21 4625 5246 590,8 660,8 734,7 8126 8944
22*1 4635 5257 5919 6620 7360 8139 8958
23 4645 5268 5930 6632 7373 8152 897,29
24 4655 5279 5942 6644 7385 8166 8986

25 4665 528,9° 5953 6656 739,8 8179 9000
26 4675 5300 595 6668 7411 8192 9014
27 4685 5311 5976 6680 7423 8205 9028
28 4695 5322 5087 6692 7436 8219 904*
29 470,5' 5332 5999 6704 7449 8232 9056



Table XVIII. continuée!. 155

For tlie Réduction to the Meridian : showing the value of

2sin9sS P
A= —gim

Sec. 15m 10m 17> 18m 19m 20In 21m

D0 4715 5311,3 00i'0  67F6 7463,12 824*3  907*0
31 4726 5354 6022 6728 7474 8259 9084
32 4730 5365 6033 0741 748,77 827,3 9098
33 4746 5376 6045 6753 7500 8286 911,22
34 4756 5387 6056 6765 751,3% 8299 912,6

35 4766 539,7 6008 677,7 7526 8312 9140
36 4776 5408 6079 6/89 7538 8326 9155
37 478,7 5419 609,1 680,1 755,1 833,9 916,9
38 4797 5430 0102 6813 7564 8353 9183
39 4807 5441 0114 082G 7577 8366 919,7
40 4817 5452 6425 6838 7590 8380 9211
4 4828 5463 6137 6850 7602 8393 9225
42 4838 5474 6148 (i8j),J] 7615 8407 9239
43 4848 5484 6160 0874 7628 8420 9253
44 4858 549/E* 0172 6887 7641 8434 9268
45 4869 5506 6183 689)9 7654 8447 9282
46 4879 551,7 6195 69L1 7667 8461 929,6
47 4889 5528 6206 6924 7080 |17.5 9310
48 4000 5539 67,8 6930 7693 8489 9324
40 4910 5550 0230 6948 770,6, 8502 93338

4070 |01 6241 0900 7719 8516 9352

51 4931 5572 6253 6973 7731 8529 930,6
52 4941 ~8il 6265 6985 7745 8543 09381
K 491" y>59,4 *627,6 699,7 7758 8557 9395
54 4961315)60,5 6288 7010 7£7] 8671 9409

55 4972 5616 030,0 7022 7784 8584 9423
56 4983 5m7 63,2 7035 779,7 8598 9438
57 4993 5639 6823 704,7 7810 8011 9452
58 500,3 5650 6385 7059 7823 8625 946,6
59 5014 5661 G34ffi 7071 j783,6 8639 9481



160 Table XVIIl. continued.

I'or the Réduction to tlie Meridian : showing the value of

211\ P

sin 1"
Sec. 23m 24l pwosm 26 *I7T N 28m
0 9496 10378 1M9 12259 W m 1429,7 15375
1 9510 10393 11314 vf' 7,5 13276 14314 15393
2 9524 1040,8 11330 12292 1329.3 14332 1M1,1
3 9538 10423 11340 1230,8 1331,0 14349 15429
4 9573 10438 11362 12325 18327 W t 15448
5 9567 10453 11378 12341 ISyt IEjs,5 15466
6 958,:3{ 10468 1139,£ 12337 13361 14403 15484
7 9500 104$3 11409 12373 IgS7,8 14421 1550,2
8 0611 10498 11425 12390 13395 14439 15521
9 062,5¥ 1051,3 1144,0 12406 1341,2- 14456 15589
10 9639 10528 11456 12423 13429 14474 15558
11 9654 10a4,3 1147,2 12439 13446 14492 1557,6
12 9669 10559 11488 18456 13463 14510 15595

B3¢ 9683 10574 11504 1247,2 13480 14528 1561,3
14 969,8 10589 1152,0 12489 1349,7 14545 15632

15 Sjl,3] 10604 11536 12505 13514 14563 1505,0
16 97s7 10620 11552 13632 14581 1506,9
17 9741 10635 11568 i2ep” 13549 14599 15687
18 975,3] 10650 11583 12555 13fMG 14616 15705
19 9770 10665 11599 12571 13583 14634 15724

20 9785 10681 1161,5 12588 1360,1 14052 1574,3
21 9799 10696 11631 12604 1361,8 14669 15761
'22 9814 10711 11647 lgeejl 13635 14687 1578,0
23- 982,9m 107430 1106,3 1263,7 ISp',2 14705 15798
K4 9844 10742 11079 13654 1367,0 14723 15817

25 9858 10757 11695 1267,0 1368,7 14740 55
26 (7,3 10772 11711 1268,7 13704 14759 15853
27 9888 1078,7 1172,7 12703 137&1 1477,7 1587,2
28 990,3 1080,3 1174,3 12721 13739 14795 1589,1
29 991,8 1081,U 11759 10237 13756 14813 1590,9



For the Réduction to the Merulian :

RBB8RG

35

37

38
89

4

IS

4B.

46
a7

49

51

LER

57

59

22m

u
993,2
994,7
996:2
997,6
999,1

1000,6
1002,1
1003,5
1005,0
1006,5

1008,0
1009,4
1010,9
1012,4
1013,9

10)5,4
1016,9
1018,4
1019,9
1021,4

102&.8
1024,3
1025,8
1027,3
1028,8

1030,3
1031,8
1033,3
1034,8
1036,3

Tabte XVIII.

« 23™

108%,3
1084,8
1086,4
1087,9
1089,5

1091,0
1092,6
1094,1
1095,7
1097,2

1098,8
1100,3
1101,9
1103,4
1105,0

1106,5
1108,1
1109,6
1111,2
11127

1114,3
1115,8
11174
11189
1120,5

1122,0
1123,6
Irj2f231
1126,7
11283

continued.

N 2sin3™P

sin 1"

24,73 <&n
1179,5 127%],4
11791 12771
1180,7 12788
1182,3 12804
1183,9 1282,1

11855 12838
1187,1 12855
1188,7 12°7,1
1190,3

1191,9 -1290,5 «

11935 1292,2
11951 1293,8
1196)7 12955
1198,3 1297,21
1199,9 1298,9

1201,5 1300,5
1203,1 1302,2
1204,7 1303,9
1206,4 1305,6
1208,0 1307,3

1209,6 1309,0
1211i3S 1310,7
12129 13124
12145 13141
1216,1 13157

1217,7 1317,4
1219,4 13191
1221,0 1320,8
12226 1322,5
1284,24 1824,2

' 26m

137?,4
1379,0
1380,8
1382,5
1384,2

1385,9
1387,7
1389,4
1391C»
1892,9

1394,7
1396,4
1398,2
1399,9
1401,7

1403,4
1405,2
1406,9
1408,7
1410,4

1412,2
1413,9
1415,7
1417,4
1419,u

14209
14227
1424,4
1426,2
1427,9

showins the

- 27m

148%,1
1484,9
1486,7
1488,5
1490,3

1492,1
1493,9
1495,7
1497,5
1499,3

1501,1
15027
1504,7
1506,5
1508,4

1510, 2f
1512,0
1513,8
1515,6
1517,4

1519,2
ib5i,o
1®
1524,7
1526,.V

1528,3
1530,2
1532,0
1533,8
1535,6

161

value of

28m

1595',7
1594.6
1596,5
1598,3
1600,2

1602,1
1604,0
1605,9
1607,7
1609,6

1611,5*
1613,3
1615,2
1617,1
1619,0

1620,8
1622"7
1624,6
1626,5
1628,3

1630,2
1632,1
1634.0
1635,9
1637,7

1639,6
1641,5
1643,3
1645,2
16471



162 Table XVIIl. continuée!.

For the Réduction to the Meridian : showing the value of
_ 2sin2 P
- sin -

Sec. 29m  30m 3L 32m 33m  34m  35m
RS «/,/O 1764{! 6 188££i,0 2007L,j4 2134?6 2260L,16 2400|,6
1650,9 1766,6 1886,0 20094 2136,8 2267,8 <2402,9
1652,8 17685 1888,0 2011,5 2138,9 2270,0 2405,2
1654,7 17705 1890,0 2013,6 2141,1 22722 24075
1656,6 1772,4 18921 2015,7 21432 22745 2409,8

N W N R O

16585 17744 18941 © Q 21453 22767 24120
1660,4 1776,3 18961 2019,9 21475 22789 24143
1662,3 17783 18981 2022,0 2149,7 >22S12 2416,6
1664,2 1780,3 1900,~ 2024,1 2151,8 22834 2418,9
1666,1 1782,3 1902,2? 2026,2 21539 22856 2421,2

© 0o ~N O U

1668,0 5) 1904,3 2028,3 2156,1 2287,8 24235
1669,9 178312 1906,3 2030,5 2158,3 2290,0 24258
1671,9 17882 19084 20325 21605 2292,3 24281
13 1673,8 1790,1 19104 2034,6 2162,6 S294,.f 24304
14 16757 17921 19124 2036,7 2164,8 2296,8 243747

KEB&

15 1677,6 17941 19144 2038,8 2166.9 2299,0 24350
16 16795 1791 19165 120409 2769,1 1gSOI,3 2437,3
1681,4 17981 19185 2043,0 2171# '2303,6 2439,0
1683,3- 1800,0 1920,6 20451 21734 2305,8 -2441,9
1685, 1802,0 19276 2047,2.1M-75,6 '2308,0 2444,®

b &KX

B 1687,2 1804,0 1924,7 2049,3 2177,8 2310"2 24465
21 16891 18059 19267 20514 :2179,9 2312,4 1124488
jhaj 1691,0 1807,9 1928,8 20535 721821 +2314,7 24511
23 16929 18099 1930,8 2053,7 2184,3 2316,9 24534
24 16948 1811,9 19329 2057,8 21865 2319,2 ra4f65,7

2% 1696,7 18139 19350 2059,9 21886 2321,5 2458,0
26 16986 18158 1937,0 2062,0 2190,8 23287 2460,3
27 17005 1817,8 1939,0 2064,1 2193,0 23239 24626
28 17025 1819,8 19411 2066,2 21952 23282 2464,9
29 17044 1821,8 19431 120683 -s2197,3 2330,4 2467,2



Table XVIII. continued. 163

For the Réduction to the Meridian: showing the value of-
2sin9i P
A= "71d > -

Sec. | 29" 30" 31" kE2” 33m 34m 35"

1706,3 18238 19452 20704 21995 23327 24695
1708,2 18258 1947,2 2072,6 2201,7 23349 24718
1710,2 1827,8 19493 2074,7 22039 ,2337,2 24742
1712,1 18298 1951,3 2076,8 2206,1 23394 2476.£
17140 1831,8 19534 20789 2208,3 2341,7 247838

Ly RY

17159 18338 19555 20810 22105 23439 2481,1
1717,9 18358 19576 2083,2 22127 2346,2 24835
1719,8 1837,8 19596 20853 22149 23485 24858
1721,7 18398 1961,7 20874 22171 2350,7 24881
17236 18418 19637 20896 “22193 23530 24904

88988

17256 18438 19658 2091,7 22215 23552 249238
17275 18458 1967,8 2093,8 22237 23575 *24951
17295 18478 1969,9 20959 22259 235097 24974
17315 18498 19720 2098,0 22281 2361,9 2499,7
17334 1851,8 19741 21002 2230,3 2364,2 25021

RED/ RS

17353 18538 19761 21023 22325 23664 25044
1737,2 18558 19782 21045 2234,7 2368,7 2506,7
1739,2 1857,8 1980,3 2106,6 22369 2371,0 2509,0
1741,2 18598 19824 2108,8 22391 23733 25114
17431 1861,8 19844 21109 2241,3 23755 25137

&5 5 &

17451 18638 19865 21131 22435 2377,8 25161
1747,0 18658 19886 21152 22457 2380,1 25184
1749,0 1867,8 1990,7 21174 22479 23824 2520,8
17509 18698 19927 21196 22501 2384,6 25231
1752,9 1871,8 19948 2121,7 22523 23869 25254

17548 18738 19969 21238 22545 23892 25977
17568 18759 19990 21260 ~56,7 23915 25301
17587 1877,9 20010 21281 22589 23937 25324
17607 18799 20031 21303 22611 23960 2534,8
17626 18820 20053 21324 22634 23983 2537,1

8L FH TER AL

o 2



164

TABLE XIX.

For the second part of the Rédaction to the Meridian :

Minutes

© 0o N O O

B

showinc the value of B =

(03 10’
n u
0,01 0,01
0,01 0,01
0,02 0,0"-
0,04 0,04
0,06 0,07
0,09-; 0,10
0,14 0,15
0,19 0,20
0,27 0,28
0,36 0,38
0,47 0,49
0,61 0,64
0,78 0,81
0,98 1,03
1,22 1,26
1,49 154
1,82 1,87
2,19 2,25
2,61 2,69
3,10 3,18
3,64 3,74
4,26 4,37
4,96 5,08
175,73 5,87

6,59 6,75
7,55 7,72
8,61 8,79
9,77 9,97

11,04 11,27
12,44 12,69
13,97 14,24

i&0

oo
0,01
0,03
0,05
0,08
0,11
0,15
0,22.
0,30
0,39
0,52
0,67
0,84
1,06
1,30
1,60
1,93,
2,32
2,77
3,27
3,84
4,48
5,20
6,01
6,90
7,89
8,98
10,18
11,50
12,94
14,51

2 sin4 g 1?
Tsin 17
30’ 40
C?Ol Or,]Ol
0,02 0,02
0,03 0,03
0,05 0,05
0,08 0,08
0,11 0,12
0,16 0,17
0,23 0,24
0,31 0,33
041 0,43
0,54 0,56
0,69 0,72 ;
0,88 0,91
1,09 1,13
1,35 1,40
1,65 1,70
1,99 2,06
2,39 2,46
2.85 2,93
3,36 3,45
3,94 4,05
4,60 4,72
5,33 5,46
6,15 6,30
7,06 7,20
8,06 8,24
9-17 9,37
10,39 10,61
11,73 11,96
13,19 13,45
14,78 15,06

50'

(%,101
0,02 ;
0,04
0,06
0,09
0,13
0,18
0,25 .
0,34
0,45
0,59
074
0,95
1,18
1,44
1,76
2,12
2,54
3,01
3,55
4,15
4,83
5,60
6,44
7,38
8,42.
9,57
10,82
12,20
13,71
15,'35



TABLE XX.

165

Mean Obliquity of the Ecliptic, on Jan. 1. in every yeai
from 1800 to 1900.

eeYear'

C 1800
1801
180,3
1803

11 1804

-1805
1806
1807

E 1808
1-809
1810
1811

B 1812
1813
1814
1815

B 1816
1817
1818
1819

B 1820
1821
1822

B'182£]

B 1824
1825
1826
1827

B 1828
1829
1830
1881

B 1832
1833

54,78
54,12
53,86
53,41
52,95
'§2,79
52,03
51,58
51,12
50,66
50,21
49,75
49.2.9
48,84
48,38
47,93
47,46
47,01
46,55
46.09
45,64
45,18
44,72
44,27
43,81
43,35
42,89
42,44
41,98s
41,52
41,07
40,61
40,15
39,70

Year

1834
1835
B 1836
1837
1838
1839
B 1840
1841
1842
1843
E 1844
1845
1846
1847
B 1848
1849
1850
1851
B 1852
1853
1854
1855
B 1856
1857
1858
1859
B 1860
1861
1802
1863
B 1864
1865
1866
1867

O
28 27

39,24
38,78
38,32
37,87
37,41
36,95
36,50
36,04
35,58
35,13
34,67
34,21
33,75
33,30
32,84
32,38
31,93
31,47
31.01
30,56
30,10
29,64
29,18
28,73
28,27
27,81
27,36
26,90
26744,
25,99
25,53
25,07
24.01
24,16

B

B

B

B

B

B

B

B

G

o /
Year 23 27

n
1808 23,70

1869- 23,24
1870 Js2f79
1871 22,33
1872 «21,87
1873 21,42
1874 20,96
1875 20,50
1876 20,04
1877 19,59
1878* 19,13
1879 18,67
1880  18,2]j!
1881 17,76
1882 17,30
1883 16,85
1884 16,39
1885 15,93
1886 15,47
1887 15,02
1888 14,56
1889 14,10
1890 13,65
1891 13,19
1892 12,73
1893 12,28
1894 11,82
1895 11,36
1896 10,90
1897 10,45
1898 9,99
1899 9,53
1900 9,08



166 TABLE XXL

Lunar Nutation in Longitude, and in the Obliquity of the
Eclintic.

Argument = The mean place of the Moon’s node.

s> Long. Obliq. a Long. Obliq.
0 - 6‘,00 + 9J6 250 a o+ ()jo9
10 1,04 9,14 260 17,29 — 0,49
20 2,12 9,09 270 17,21 1,07
30 3,16 9,00 280 17,07 1,65
40 4,20 8,88 290 16,85 2,22
50 5,22 8,72 300 16,57 2,79
60 6,23 8,53 310 16,23 3,3&
70 7,20 8,31 320 15,81 3,88
80 8,16 8,06 330 15,33 4,41
o 9,08 7,77 340 14,79 4,92
100 9,97 7,46 350 14,19 5,41
110 10,82 711 360 13,53 5,88
120 11,63 6,74 370 12,82 6,33
130 12*40 6,34 380 12,05 6,75
140 13,12 591 390 11,23 7,14
150 13,80 5,46 400 10,37 7,51
100 14,42 4,99 410 9,46 7,85
170 14,98 450 420 8,51 8,15
180 15,49 4,00 430 7,52 8,43
190 15,94 3,47 440 6,51 8,67
200 16,33 2,93 450 5,47 8,87
210 16,65 2,38 460 4,40 9,04
220 16,91 1,82 470 3,32 9,17
230 17,11 1,25 480 2,22 9,26
240 17,24 0,67 490 1,09 9,32

250 - 17,30 + 0,09 500 - 0,00 - 9,34



Table XXI.

continued.

167

Lunar Nutation in Longitude, and in the Obliquity of the

Argument =

a Long.
500 + 0,00
5)0 1,09
520 2,22
530 3,32
540 4,40
550 5,47
500 0,51
570 7,52
580 8,51
590 9,40
000 10,37
010 1jP1s
020 12,05
030 12,82
040 13,53
050 14,19
000 14,79
070 15,33
080 15,81
090 10,23
700 10,57
710 10,8.5
720 17,07
730 17,21
740 17,29
750 + 17,30

Ecliptic.

Oblig.

n
- 934
9,32
9,20
9,17
9,04
8,87
8,07
8,43
8,15
7,85
7,51
7,14
0,75
0,33
5,88
5,41
4,92
4,41
3,88
3,34
2,79
2,22
1,05
1,07
- 0,49
+ 0,09

a,

750
700
770
780
790
800
810
820
830
840
850
800
870
880
890
900
910
920

940

: 950

900
970
980
990
1000

Long.

+ 17,30
17,24
17,11
10,91
10,05
10,33
15,94
15,49
14,98
14,42
13,80
13,12
12,40
11,03
10,82

9,97
9,08
8,10
7,20
0,23

5,22 .

4,20
3,10
2,12
1,04
+ 0,00

The mean place of the Moon’s node.

Oblig.

u

+ 0,09
0,07
1,25
1,82
2,38
2,93
3,47
4,00
4,50
4,99
5,40
5,91
0,34
0,74
7,11
7,40
7,77
8,00
8,31
8,53
8,72
8,88
9,00
9,09
9,14

+ 9,10



168 TABLE XXII.

Solar Nutation in Longitude; and the solar nutation,
added to the mean diminution, of the Obliquity of the

Ecliptic.
Argument = The day of tho»year.
Day Long. Obliq. Day Long. Oblig.
/o V4 -

Jan. 1 + 047 - 050 July 10 + 074 - 008
1u 0,85 0,41 20 1,03 0,50
21 1,128 0,27 30 121 0,41
31 1,25 - 0,10 August 9 1,25 0,24
Fel). 10 1,22 + 0,08 19 1,10 - 0,08
20 1,05 0,24 29 0,93 + 0,00
March 2 * 0,74 0,30 Sept. 8 0,00 0,10
12 + 0,35 0,43 18 + 0,20 0,21
22 - 0,08 0,44 28 - 0,23 0,20
April | 0,50 0,39 Oct. 8 0,03 + 0,12
1 0,85 0,27 18 0,90 - 0,01
21 1,11 + o011 28 1,18 0,10
May 1 1,24 . 0,07 Nov. 7 1,25 0,39
11 1,2;L 0,27 17 1,18 *'e(1,59
21 1,08 0,45 27 0,90 0,7.7
31 0,81 0,00 Dec. 7 0,00 0,90
June 10 0,45 0,71 17 - 0,20 0,68
20 - 0,05 0,70 27 + 0,-26. 0,98
30 + 037 - 075 37 + 000 — 0,93

N.B. The Longitude cuglit to be further corrected by — 0",207 sin25:
and the Obliquity by 4- 0",090 cos 2 3>.

* In Leap years, we must deduct unity from ail these tabulai' dates after

February, in order to obtain the corresponding civil date.



TABLE XXIII.
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Seleiiographic positions of the principal Lunar Spots.

No.

© ® N O U A W N R

W oW oWwN NN NNRNDRNXNDNRRBR p R -
BREBRIIsocaRB®INVRERSSobIGRBRETS

33
34

Riccioli's Names

Zoroaster
Mercurius
Petavius
Langrenus
Endymion
Cleomedes
Atlas
.Hercules

G ensoiuniis
Fracastorius
Possidonius
Theophilus
Cyrillus

St. Catharina
Menelaus
Aristoteles
Ptolomeeus
Arzachel
Archimedes
Tycho
Plato
Titatus
Eratosthenes
Clavius
Copernicus
Bullialdus
Blancanus
lleraclides
Keplerus
Gassendus
Aristarchus

Hevelius

fcfikihickardus

Grimaidus

Long*.'

West j%°
67

04

62

60

55

48

42

B2

32

32

27

25

24

15
West 15
East 2
3

5

10

10

12

12

10

19

21

.25

38

38

39

48

07

08

East 08

Latf

+

+

58°
40
24
8
58
20
a7
48
0
32
31
12
13
18
16
50
10
20
28
43
52
29
H
00
9
21
65
41

7
19

24
1
49
5

The enlighteiiled part of the Moon's dse s denoted ty the versed sire of the angular distance o the moon fram the



170 TABLE XXIV.

Showing the Angle of the Vertical, and the Logarithm of
the earth’s Radius, at différent Latitudes : the Compres-

sion of the earth being assumed equal to 74TT.

Angle Logarithm
Lat. ofthe of Earth’s
Vertical Radins

n
0,0 0-0000000

i
0° 0
5 1 59,2 9-9999890
10 3 54,8 9-9999566
15 5 43,4 9-9999037
20 7 21,6 9-9998318
25 8 46,5 9-9997431
30 9 554 9-9996402

35 10 46,4 9-9995261
40 1 17,9 9-9994044
45 11 28,7 9-9992780

50 11 18,6 9-9991525
55 10 47,9 9-9990302
60 9 57,4 9-9989151
65 8 48,7 9-9988111
70 7 23,8 9-9987210
75 5 45,4 9-9986479
80 3 56,3 9-9985940
85 2 0,0 9-9985010
90 0 0,0 9-9985499

Greemvich | 11 116 | 99991159 |



TABLE XXV.

171

Sliowin% tlie Aug{nentation of tlie Moon’s Semidiameter,

Apparent
Altitude

3B BLLLEENLEBEURNREBER © 0o wo

S8 R FIAN

°

on account of lier apparent altitude.

/ u

14 80

0,00
071
141
211
2,81
8,50
417
484
5,49
013
6,75
7,35
7,93
8,49
9,03
955
10,05
10,52
10,95
11,85
11,70
12,06
1207
12,64
12,88
18fl)8
1324
13,37
13,46
1352
1354

Horizontal Semidiameter

i u
15 O

u
0,00
0,75
1,50
225
3,00

' 3,74

4,46
5,19
5,88
6,56
7,83
7%
8,50
9,10
9,68
10,28
10,76
11,26
11,72
12,15
12,65
12,91
13,24
13,53
13,79
14,01
14,18
14,32
1472
14,48
14,50

i n
15 30

0,00
0,80
1,60
2,40
3,20
3,99
476
5,52
6,27
7,00
7,71
8,40
9,07
9,72
10,34
10,93
11,49
lyCo!
' 1252
12.8
18,40
1379
14,14
14,46
14,73
14,96
15,15
15,30
1541
15,47
15,49

7 2

i u
16 O

0,00
0,86
1,71
2,56
341
4,35
5,07
5,89
6,68
7,46
8,22
8,96
9,67
10,36
11,02
11,65
12,25
12,81
13,34
13,88
14,29
14,70
15,08
1541
15,70
15,95
16,15
16,31
16,417
10,49
16,51

i u
16 -80

0,00
0,9f
1,83
2,73
3,63
4,52
5,39
6,26
711
7,93
8,74
9,52
10,28
11,02
11,7.2
12,89
13,03
13,63
14,19
14,72
15,20
15,64
16,04
16,39
16,70
16,96
17,13
17,35.
17,47
17,54

17,37

¥ oo

Or,]OO
0,97
1,94
2,90
3,86
4,80
573
6,65
754
8,42
9,28
10,12
10,92
11,66
12,44
13,15
13,83
14,46
15,06
15,62
16,13
16,60
17,03
17,40
17,73
18,01
18,24
18,42
18,55
18,62
18,65



172 TABLE XXVI.

Logarithms for the équations of the first, second, and tliird
différences of the Moon'’s place.

Hour from Logarithms of the facto sof the Hour from
Noon or Noon or
Midnight  First différences 2nd diff. 3rd diff. Midnight
i m + + - h m
0 10 8-1427  9-9939  7-8856 + 7-0452 - 1 50
20 9-9878  8-1304 7-3275 40

30 8-6198 9-9815 QT © 7-4743 30

40 8-7447 9-97~ 8-4189 7-5896 20

50 8-8416  9-9687  8-5094 7-6663 10

1 0 89208 9-9022  8-5820 7-7247 n o
10 8-9878  9-9559  8-6423 ' 7-7703 50

20 9-0458 9-9488  8-6936' 7-8063 40

30 L?-096S»  9-9420  8-7379 7-8348 | 30

40 9-1427  9-9351  8-7767 7-85A2 20

50 9-1841  9-9280  8-8110 7-8745 10

° 0 9-2218 9-9208  8-8416 7-8874 10 ©
10 9-.%66  9-9135  8-8691 7-8964 50

20 9-2888  9-9061  8-8939 7-9018 40

30 9-3188~ 9-8985  8-9163 7-9040 30

40 9-3468  9-8909  8-9366 7-9002 20

50 9-3731  9-8830 8 9551 7-8994 10

3 0 9-3979  9-8751  8-9720 7-8928 9 0
10 9-4214  9-8669  8-9873 7-8833 50

50 9-4437  9-8587 90013 7-7710 40

30 9-4649  9-8502  9-0141 7-8557 30

40 9-4851  9-8416 7-8374 20

50 9-5044 fsaie  9-0362 78 10

4 0 9-5229  9-8299  9-0458 7-7905 0
10 9-5406  9-8148  9-0543 7-76.13 50

20 9-5577  9-8054  9-0620 7-7276 40

30 9-5740  9-7959  9-0689 7-6887 30

40 9-5898  9-7861  9-0749 7-6436 20

50 9-6051 9-7761  9-0805 7-5908 10

a o 9-6198  9-7659  9-0847 7-528,4 7 O
10 9-6340  9-7555  9-0884 7-4730 50

20 9-6478  9-7447  9-0915 7-3591 40

30 9-0612  9-7337  9-0939 7-2366 30

40 9-6741  9-7225  9.0956 7-0021 20

50 9-6807 9-7109  9-0966 6-7621 10

6 0 9-6990 9-6990 9-0969 + o0 — 6 0



TABLE XXVII.

173

Showing tlie Animal Prectgji'on of tlie Equinoxes in Lon-

gitude :

and the Constants for computing the annual

procession in lliglit Ascension and Déclination.

Year

1800
180t.
1810
1815
18.60
1825
18.30
1835
1840
1845
1850
1855
1860
1865
1870
1875
1880
1885
1890
05

1900

Preccssion in Longitude

General

SofegéO
50,22472
50,22594
50,22716
50,22839
50,22901
50,23083
50,23205
50,23328
s 5O
50,23572
50,23694
507816
5f1]83938
50,34000
50,24182
50,24305
50,2473
50,24549
50,24671
50,24793

Animal Prec.

Annual Prec.

Prec. in
H

Luni-solar const.= m

60,36;354  46"01367

50,3027 40,04521
50,86110 4G,04676

50,35C88 46,04830
50,35866 46,04984
50,35745 46,05138
50,35623 46,05203

50,35502  46,05447
50,35.380  46,05G01
50,35258* 46,05755
50,85136  46,05910
50,35014  46,06065
50,34892  46,06"19
50,]4771 46,06374
50,3464!) 46,06528
50,34527 46,06682-
50,34405  46,06836
50,8428.3  46,00991
50,34162  4~,07115

50,34040 40,07299
50,33918 46,07454

in /£
in D

Pree. in
/A and D
const. = n

20,05690
20,05641
20,05593
20,05544
20,05496
r-0,05447
20,05399
20,05860
20,05302
20,05258
20,05205
20,05156

20,05108 .

~05059
20,05011
120;04962
p0,04914
20,04865
*20,04817
20,04768
20,94720

m + n.sin /E..tan D

k.oosAl



174. TABLE XXVI11.

For determining tlie Aberration of a star in A., and the
Jirst part of the Aberration of a star in Déclination.

Argument, O = the trué:longitude of the sun.

(@] Vi» I» Vil» 1» Viii»

Log.a A + Log.a A + Log.a A+
o 1 o i 0 . @)
1260 0 O 12790 21 12977 2 C 30
12600 0 5 J2796 214 12983 2 3 29
12601 01 1-~02 1-2988 2 0 .8
1-2692 0 16 1-2808
1-2602, 0 22 1-3815
1-2693 0 27 12821 180003 151 125
12005 0 3Fe 12827 1-3008 147 24

MZ 12093 157 27

2

2

2
12696 08& 13834 224 13012 144 23

2

2

2

2

2

2

1-2998 154 26

BRB &S

12698 0 43 1-2840 25 1-3017 140 !'99
12700 048 1-2847 26 13021 136 21
15708 o0 58 1-2853 27 13025 132 '20
12705 058 1-2800 28 18058 128 19
12708 1 3 L2866 28 13032 124 18

ﬁme\lmmthHC:o

13 12711 1 8 1-2873. 228 13085 1201 17
14 12714 112, 12879 228 Ljup 116 16
15 12718 i 17 1288 £28 13042 11 15
16 12/21 122 12802 228 13045 1 7 14
17 12724 126 12809 227 13048 1 3 13
18 12729 130 12905 227 13050 058 12
19 12738 134 12012 226 13063 058 1
20 1273A 18 12918 225 1306B- 049 10
21 12742 1420 13824 224 13067 04 o9
22 2747 146 1-29~ 222 13059 039 8
23 1-2758' 150 1293? 221 1i'soeo 034 7
24 12757 158 12944 219 13061l 030 6
25 12762 157 129499 217 13063 026 &
26 12768 2 0 12956 515 13064 020 4
27 12773 2 3 1201 213 13064 015 3
28 12779 2 6 129%6 211 13065 010 2
29 12285 2 9 12972 « 8 13065 0 5 1
0 12790 21 12977 2 6 13065 0 0 O
Log.a A - Log.a A - Log.a A -

2 Xl» IV» X» 1nl- 1X»



TABLE XXIX. 175
For tlie second part of tlie Aberration of a star in Dec.

Arguments, (O + D) and (O — D).

H VI' 1IsVII8 1I18VIII8

- + - + - +
o Hdw " Je o
1 4,03 3,46 1,96 29
2 4,08 3,42 1,89 28
3 4,03 8,38 1,83 27
4 402 g.34 1,77 26
5 4,02 3,30 1,70 25
G 4,01 3,26 164 24
7 4,00 322 158 23
8 3,99 318 151 . oo
9 3,98 3,13 145 21
10 3,97 3,09 1,38 20
n 39G 304 131 19
12 3,95 3,00 1,25 18
13 3,93 2,95 1,18 17
14 391 2,90 111 16
15 3,90 2,85 1,04 15
16 3,88 2,80 0,98 14
17 8,86 liSi 0,91 13
18 384 2,70 0,84 1
19 881 2,66 0,77 n
20 3,79 2,59 0,70 10
21 &77 254 0,63 9
22 9,74 2,48 0,56 8
23 371 2,43 0,49 7
24 333 042 6
25 3,66 231 0,35 5
G 3,63 2,26 0,28 4
27 359 2,20 021 3
28 8,56 214 0,14 2
29 3,63 2,08 0,07 1
30 3,49 2,02 0,00 0

+ - + - +
1v¢ XI13 Iv8 X8 IlI1 1X8



176 TABLE XXX.

For the Lunar Nutation of a star in A& and Dec.

Argument, SI = the mean longitude of-Moon’s node.
o VP 18 VIL IL viiL

Log. b B ) C+ Log. b B i ¢ Log. b B ) C+
o i o i O 1 n
o 09844 @ 0 0,00 0-9588 6 45 g7 0-8960 7 48 14,33
1 <9844 (o 15 0,29 m9471 6 54 852 <8939 7 40 14,47
2 +9843 0 31 0558 *9554 7 3 g77 8917 7 32 14,61
3 <9842 0 46 0,87  *9566 12 9,01 8896 7 Sa 14,74
4 +9840 1 1 1,15 +9518 7 20 9,25 mS875 7 14 14,87
5 9837 1 16 1,44 <9500 28 9,49 w8854 7 4 14,99
o *9884 1«2 1,73 *9481 , 36 972 +8834 0 53 1511
7 ffifo 1 47 2,02 *9462 7 43 9,96 ;8844 6 42 1523
g 9SS5 2 2 280 *9442 7 49 10,19 -8795 0 29 15,34
9 9821 9 17 2,59 *9422 17 55 10,41  +8776 0 17 15,45
10 m9815 2 31 2,87 9402 8 1 10,68 m87i$ 6 3 1555
11 w9809 2 46 3,16 +9382 8 6 10,85 +8740 5 49 1564
12 =9802 3 1 3,44 *971 8 10 11,07 °*8723 5 65 1578
13 <9795 3 15 *0jMO 8 14 11,28 8707 5 20 15,8f
14 n787 3 29 4,00 *9318 8 17 11,49 +8691 5 4 15,90
15 <9779 3 43 4,28  +9297 8 20 11,70 +8677 4 48 1598
16 ®m9770 3 57 4,56 9275 g 23 11,90 m8663 4 81 16,05
17 9760 4 11 4,84  +9253 8 24 12,10 8649 4 14 16,12
18 +9750 4 24 511 -.9231 8 25 12,30 +8637 3 56 16,18
19 +9739 4 37 5,39  *9208 825 12,49 8625 3 38 16,24
20 +9728 4 50 5,66 w9186 8 25 12,67 8615 3 20 16,29
21 <9710 5 3 593 9163 8 24 12,86 ®W8GOS 3 1 16,84
22 <9704 5 16 6,20 *9140 8m i 13,04 +8596 2 41 1681
23 <9691 5 .28 6,46 *0118 8<21 18*21- <8588 2 22 16,4*2
24  .9678 5 40 6,73  +9095 -8 18 13,38 y-8585 2 2 16,45
28 +9664 5 51 6,99 w9072 8 15 13,55 w8570 1 42 16,48
26 9650 6 3 7,25 +9050 S 11 13,72 8571 1 22 16,50
27 +9635 6 14 7,51 m9027 8 6 13,88 +'85%68 1 2 16,53.
28 ---9020 6 24 7,77 9005 8 1 14,03 m&565 0 41 16,53
29 +9604 6i06 8,02 mW8983 7 55 14,18 +856S 0 21 16,54
30 0-9588 6 45 8,27 0-8960 7 48 14,33 08563 0 O 16,54

Log. b +B - C+ Log. b TB _c+ Log. b +B - c+

V» X18 | v X8 1P X

30
29
28
27
26

e L [ NNNNN
RN GEEGEE BB RS R

©C B N W M 01 O N © ©



TABLE XXXI. 177
For the Solar Nutation of a star in Right Ascension and
Déclination.
In Riffit ilscension In Dec.

Ist part 2ntl part

Degrees Argument Argument Argument Degrees
= 20 11 =20 —¥R

(o] n n il o

0 - 0,00 + - 0,17 - - 0,00 + 360
10 0,18 0,46 0,08 350
20 0,85-,. 0,44 0,16 340
«0 0,51 0,41 0,24 330
40 0,66 0,36 0,30 320
50 0,79 0,30 0,36 310
00 . 80 0,24 0,41 300
70 0,90 0,16 0,44 i29Q
80 1,01 - 0,08 - 0,46 280
90 1,03 0,00 0,47 270
100 1,01 + 0,08 + 0,46 260
110 0,96 0,16 0,44 250
120 0,89 0,24 0,41 240
130 0,79 0,30 0,36 230
140 0,00 0,36 0,30 220
150 0,51 0,41 0,24 210
100 0,35 0,44 0,16 200
170 0,18 0,46 0,08 190
180 - 0,00 + + 0,47 + - 0,00 + 180

The sogond part of the Solar notation in yR must be multipliée! by the
tangent of Déclination.
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11
12
13
14
15

16
17
18
19
20

«1
22
23
24
-25

26
27
28
29
30

0-0174583
0-0349066-
0-0523599
0-0698132
0-08776.65

0-1047198
0-1271730
0-1396363
0-1570796
0-1745329.

0-1919862
0:2094395
0'2568928
0-2443461
0-2617994

0;2799527
0-2967060
03141593
0-3316126
0-3490659

0-3665191
0-3839724
0-4014257
0-4188790
0-4803323

0-4587856
0-4712889
0-4886922
0-50014p5
0-5245988

0
31

32
33
34
35

36
37
38
39
40

41
42
43
44
45

46
a7
48
49
50

51
52
53
54
55

56
57
58
59
60

TABLE XXXII.

Circulai’ Arcs.

Degrees
0
0-5410521 61
0-5585054 62
0-5759587 63
0-5934119 64
0-01086a& 65

0-6283185**
0-6457718
0-6632251
0-6806784
0-6981317

0-7155850
0-7330383
0-7504916
0-7679449
0-7853983 "

0-8028515
0-8203047
(E8377580
0K552113
0-8726646

0-8901179
0-9075712
0-9250245
0-9424758
0-9599311

0-9773844
0-9948377
1-0122910
1-0297443
1-0471976

71
72-
73
74
75

76
77
78
79
80

81
82
83
84
85

86

88
89
920

1-0646508
1-0821041
1-0995574
1-11/0107
1-1344640

1-1519173
1-1693706
1-1868239
1-3042772
1-2217305

1-2391838
1-2566371
1-2740904
1-2915436
1-3089969

1-32-64502
1-3439035
1-3613568
1-3788101
1-396.2634

1-4137167
1-4311700
1-44865233
1-4660766
1-4835299

1-5009832
1-5184364
1-5358897
1-557343(1
1-5707963

95
100
105
110
115

120
130
140
150
160

170
180
190
200
210

220
230
240
250
-260

270
.280
290
300
310

320
330
340
350
360

1-6580628
1-7453293
1-8325957
1-9198622
2-0071286

2-0943951
2*279280
2-4434610
2-6179939
'2-792-5268

2-9670597
3-1415927
3-3161'250
8-4906t®5
3-6651914

3-8397243
4-0142573
4-1887902
4'3(j33231
4-5378561

4-71288.90
4-8869219
5-0614548
5-2p9n

0-4105207

5-5850536
5-7595865
5-5341195
6-1086524
6-2831s|s
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10

11
12
13
14
15

16
17
18
19
20

21
22
28
24
25

26
27
28
29
30

Minutes

/

0-0002909 Sl
+0005818 32
«0008727 33
«0011636 34
«0014544 35
«0017453 36
«0020362 37
«0023271 38
m=0026180 39
+0029089 40
«0031998 41
«0034907 42
«0037815 43
«0040724 44
«0043633 45
0046542 46
«0049451 47
+0052360 48
«0055269 49
+0058178 50
+0061087 51
«0063995 52
+0066904 53
«0069813 54
«0072722 55
«0075631 56
«0078540 57
-0081449 58
+0084358 59
0-0087266 60

T able XX XII.

continued.

Circulai- Arcs.

0-00901,75-
-0093084
-0095993
-0098Spf]
20101811

«0104720
0107629
«0110538
0113446
+0116355

«0119264
u0122173
«0125082
«0127991
+0130.900

«0133809
0136717
0139626
«0142535
«0145444

+0148353
«0151262
«0154171
=0157080
«0159989

«0162897
+0165806
0168715
0171624
0-0174533

12
13
14
15

16
17
18
19
20

21
22
23
24
25

26

27
28
29
30

2 A2

Seconds
0'0000048 31
-0000097 32
0000145 33
-0000194 34
«0000242 '36
-0000291 36
-0000339 37
-0000388 38
=0000436 39
-0000485 40
«0000533 41
-0000582 42
«0000630 43
-0000679 44
«0000727 45
*0000776 46
-00008|jk 47
-0000873 48
-0000921 49
m0000970 50
-0001018 51
-0001067 52
-0001115 53
-0001164 54
«0001212 55
«0001261 56
=0001309 57
«0001357 58
«0001406 59
0-0001454 60

179

0-0001503
+0001551
0001600
m0001648
0001697

0001745
0001794
0001842
+0001891
0001939

0001988
0002036
0002085
0002183
0002182

+0002230
«0002179
«0002327
+0002376
=0002424

0002473
*&d02521
0002570
0002618
0002666

=0002715
=00027"3
0002812
+0002860
0-0002909
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Lat.
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10
15

25
30
35
40
45
50
57t
60

6y

mmmmmmmmmmmmmj

=

-

o 00 A W W 0N 7

©o =~

o O o O O O O O O O 0O 0O 04

TABLE XXXIII.

Senudiurnal Arcs.

tD\IU'I-bI\)B

14
17
27T

us1j

29
85
43

=
o

\l\lmmmmmmmmmmm:

~ -ba

15
19
23
28
34
41
49
58
11
29

Déclination

mmj -
4
F g

(o]
=
)]

C&12
6 29

o

43
52

14
30

N NN N oo

51

N
Q
o

W N
S o o~

E 8 &

N NN oo 0o 0 0 0O 04
N w
[&] ©

IS
w

~86

3

6 19
6 29
6 39
6 -50
7 2
7 16
7 32
7 51
81
8 47
9 85
12 0

6 12
6 24
6 36
6 49
7 2
7 18
7'85
7 56
821
8 54
9 42



TABLE XXXIV. 3

Showing the length of a degree of Longitude and Latitude
on the Earth’s surface (compression =-],007; togethei
with the length of the Pendulum beating seconds there
(compression = 2 T): the measures at the equator being
considered as unity. Also the increase in the number
of vibrations, of an invariable pendulum beating seconds

at the equator, on proceeding towards the pble.

Degree of Degree of Length ofthe Increase of

Late. Longitude Latitude Pendulum Vibrations

0 u

0 1-00000 1-000000 1-00000 0,00

5 0-99622 1'000076 1-00004 1,77
10 +98490 1-000301 1-00016 7,02
15 96614 1 000669 1-00036 15,60
20 *94006 1-001168 1-00063 27,24
25 90685 1-001783 1-00096 41,59
30 86675 1-002496 1-00135 58,21
35 -82005  1-003284 1-00177 76,60
40 76710 1-004125 1-0~N0 96,21
45 *70828 1-004992 1-00269 116,42
50 *64404 1-005858 1-00316 136,64
55 57485 1-006699 1-00362 156,35"
60 50126 1-007487 1-00404 174,63
65 42377 1-008200 1-00443 191,26
70 *34302 1-008815 1-00476 205,61
75 «25960 1-009315 1-00503 217,25
80 «17421 1-009682 1-00523 225,82
85 -08764 1-009907 1-00535 231,08
90 000000 1-009983 1-00539 232,85

| f the équatorial diameter of the earth be assumed equal
to 7924 miles, a degree of longitude at the equator will be
equal to 69-15 miles = 365110 feet: and consequently

1 second in time at the equator will be equal to 1521 feet.



182 TABLE XXXV.

Showing the expansion of various substances for 1° Fahren.

W hite deal .. 0000022685 Kater
Glass, barom. tubes 43119 Roy

, English flint 45092 Lavoisier

, with lead . 48444 do.

, without lead 50973' do.
Platina . . 47583 Borda

49m- Dulong and Petit

Iron, cast '6163™ Roy

G3333 Borda
65668 Dulong and Petit

ebar 09844 Hasslar
69907 Smeaton
Steel A 59305 Lavoisier
rod 63596 Roy
blistered 63900 Smeaton
66100 Troughton
hard . 68066 Smeaton
temperet 68866 Lavoisier
Gold - 86197 do.
Copper . . 94444 Smeaton
Brass s 95456 Dulong and Petit

98888 Borda
99590 Kater

, scale =0000103077 Roy

, cast . 104166 Smeaton

, bar . 104850 Hasslar

, rod . 105155 Roy

106666 Troughton

, wire . 107407 Smeaton
Silver .. 106038 Lavoisitr
Pewter .. 12G85B Smeaton
Tin, grain . 137963 do.
Lead .. 159.259 do.
Zinc . . 16342n do.
— —, hammered 172G85 do.
Mercury [Apparent] =0000857339 1 <T2]ffo
——————————— (Absolu/e) +0001001001 | cubical =30
Air, dry =0020833333 ' &XPan

— moist :002.2222222 J



t+ t

40
42
44
40
48
50
52
54
50
58
60
62
64

6%
70
72
74
76
78
80
82
84
86
88
90
92
94
90
98
100

TABLE XXXVI.

183

For determining Altitudes with the Barometer.

Thermometers
In open air

A t+t'

[0}

4-76891  fegs
4-76989' 104
4-77089 106
4-77187 108
4-77286 110
4-77S83 112
4-7748.2- 114
4-77579 110
4-77677 118
4-77774 120
4-77871  iife
4-77968 124
4-78005 120
4-78161 128
4-78257 130
4-781S53 112
478449 134
4-78544  1A6
4-78640 138
4-78735 140
4-78880  148-
4-78925 144
4-79019 146
4-79113 148
4-79207 150
4-79301 152
4-79395 154
4-79488 156
4-79582 158
479675¢c 160
4-79768 102

4-79860
4-79953
4.80045
4-80137
4-80229
4-80321
4-80412
4-80504
4-80595
4-8068/
4-80777
4-80869
4-80958
4-81048
4-81188
4-81.228
4*1317

4-81407
4-81496
4-01585
4-81676
4-Al768
4-81851

4-81940
4-82027
4-82110
4-82204
4-8781

4-8.2379
4-82466
4-82553

Thermometers
to the Baroms

.‘
\
© ® N ® 0 A ®W N B O5 g

NN N NN p p R B R R R =
YO NPRPRObbhRBGREBERES

-'St?
' 26
27
28
29
30

B

0-00000
0-00004
0-00009
0-00013
0-00017
0-00022
0-00026
0-00030
000035
0-00039
0-00043
0-00048
0-000.™
0-00056
0-00061
0-00065
0-00069
0-00074
0-00078
0-00083
0-00087
000091
0-000.90
0-00100
0-00104
0-00109
000113
0-00117
0-00122
0-00126
0-00130

Latitude
of the place

) C

0

0 0-00117
5 0-00115

10 000110
15 0-00100
20 0-00090
25 0-00075
30 0-00058
35 0-000-40
40 000020
45 0-00000
50 9-99980
55 9-99960
60 9-999/2”

*65 9-99926
70 9-99910
75 9-99900
80 9-99890
85 9-99885
90 9-99883

Make D equal to
log/3—(log/3'+ B):
then will the loga-
rithm of the différ-
ence ot altitudes
in Englisl feet be
equal to

A+ CL logh
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TABLE XXXVII.

For converting urne into décimal parts of a day.

Hours
h

1 04167
2 +08333
3 +13500
4 «16667
a +20833
6 25000
7 -.;20107
8 +33333
0 +37500
10 41667
1]  +45833
12. 50000
13 «54167
14 .;68333
15 m=62500
16  -66667
17 '70833
«75000
19 ".79107
20 +83338
21 87500
22 «91667

23
24 1-00000

(6]

© o N O

11
12
13

15

10
17
18
19
20

21

is
24
25

20
Si
28
29
30

Minutes

i

«00069 31
«00139 32
«00208 33
«00.278 34
<0034/ 35
00417 36
00486 37
+00636-1 38
-00fig&j 39
-00694  4l)
00764 41
00833 43
«00903 43
m00972 44
m01042 45
01111 46
«01180 47
«01250 48
m01319 49
01389 50
«01458- 51
«01528 52
«01:597 58
01067 »64
«01736 55
+«01805 56
01875 57
«01944 58
02014 59
«02083 60

«02153
«0;2222
«0.2293
«0236r
«02430

«02500
*Osqfférl
*09639
«02708

ejfégu

«Q2147
«02917
~03886."
+03056
+03125

«03194
«03264
«0382»"
«03403
«03472

«03542.
«03611
*036S0
«037SO s
«03819

-03]|L
03858
04028
04097
=04167

a B W N e

© o NV

10

11
12
13
14
15

16
17
18
19
20

mni

22
23
34
25

26
27
38
39
30

Seconds
«00001 ,r .
«00002 ofc
-00003 33
«00006 34
m00006 35
m00007 36
-00008 5871
-00009 88
=00010 -89
«00012 40
-00013 41
«00014 42
-00015 OTr
-00016 44
-00017 45
0001s 46
«00020 47
-00021 48
«00b22 49
-00023 50
-00024' 51,
«0002-5' 52
-00027 58,
-00t)28[ 54
«OO0Utfi VIffi.
m00030 56
«00031 57
-00032 58
«00031 59
+00035, 60

*000&a
00037
«00038
=00039
+00040

«00042
+00043
=00044
«00045
+00046

=00017
«000.19
+00050
+00051
+00052

«00053
+00054
+00056
=00057
+00058

+00059
~00060
+00061
*000age
~00064

+00065
+00066
00007
+00068
+00069



TABLE XXXVIII.
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For converting Minutes and Seconds of a clegree, into the

© 0N O a b~ w N P

G RBEBRE

16

BB &K

22

24
25

1é
27
28
29

décimal division of the same.

Minutes
!
m01067 31
+03333
05000 33
06GG7 34
«08333 35
10000 36
ml1667 37
ml3333 38
m15000 39
«16667 40
ml8333 E
20000 42
«21667 43
23333 &
'm55000 45
26GG7 46
«28833' 47
m30000 48
m31667 49
*33333 50
85000 51
m36667 57
*38333- 53
40000 54
m41667 (tin
«18383 56
45000 57
m46667 58
m8338- 59
«50000 60

*51667
56333
u55000
56667
«'+58333

=G0oUO0
w61GG7
uG6333
mG5000

;G66G7

mG8833
m70000
-71GG7
u73333
=75000

m76607
«78833
+80000
**81607
m83333

«85000
Kgo067
+88333
«90000
01607

+93883
m=95000
*96667
+98333
1.00000

a » W N R

© 0 N o

15
13
14
15

16

17
18

50

99
23
24

26

27
Ss
59
30

Seconds

n

«00028 31
m00056 W
«00083 |
-00111 34
=00139 35
-00167 36
«00194 37
«00222 38
«00250 39
«003*1m 40
«00306 41
«00333 42
m00361 43
-00389, 44
«00417 45
«00444 46
«00472 47
m00500 48
-005*8' 49
«UUs5G 50
m00583 51
m00611 52
-00639 53
-00667 54
m00694 55
«00722 ij6
m00750 57
-00778 58
=00806 ,59
m00833 60

-00861
+00889
«00917
00944
«00972

01000
01028
201056
-0l0iyt
=01111

=01139
«01167
01194
«01222
01250

«01278
m01306
=0138,3
«01361
«01389

«01417
m01444
«01472
«01500
«01528

101556
«01583
«01611
«01639
«01667



186 TABLE XXXIX.

For converting any given day into the décimal part of a

year of 365 days.

Day Jan. Feb. March April May June
1 «000 +085 «102 247 329 414
2 «003 +088 «104 *249 *33) *410
3 «000 «090 107 252 -3iS9 *419
4 +008 «093 «170 «255 387 422
5 <011 *096 «173 «258 *340 425
6 014 «099 *175 *260 342 427
7 <010 «101 «178 *263 *345 «430
8 «019 «104 «181 *266 *348 *433
9 «022 «107 -184 *268 *351 *436

10 «025 «110 «186 271 353 *438
11 «027 112 -189 274 *356 441
12 +030 115 *192 277 «359 ~444
13 «033 «118 «195 279 *362 446
14 «030 121 «197 *282 «304 449
15  -038 «123 «200 «286 *367 452
10 «041 *126 «203 *288 «370 *455
17  <04< «129 «205 «290 «373 «458
18 «040 «132 «208 *293 «375 «400
19 «049 «134 211 «296 «378 <403
20 «052 «137 214 *299 «381 *466
21 *055 «140 *216 «301 384 «408
22 <058 «142 «219 «304 -386 471
23 =000 145 222 «307 -389 474
24 <063 148 «225 «310 «392 477
25 =060 «151 227 312 *395 479
20 «008 «153 *230 *315 «397 «483
27 .071 156 233 u318 400 485
% 074 «159 «280 «321 «403 -488
29 077 «238 «323 «405 <490
30 «079 241 *326 «408 *493-- C

=082 244 411



Table XXXIX,

continuée!

187

For converting any given day into the décimal part of a

O
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July

n496
=499
' -501
*504
u507
«510
*512
515
«518
521
«523
526
u529
u53V
534
537
*540
542
1-J®.
«548
m551
u553
.556
«559
562
564
567
*570
573
u576
«578

year of 365 days.

August

581
584
+586
589
592
595
597
*600
*603
m605
*608
611
u614
*616
*619
622
625
n627
*630
*633
*636
*638
641
644
647
*649
u652
m655
*658
*660

663

Sept.

*666
*668
671
674
677
679
u682
*685
1688

690
=693
*696
*699
=701
u704
«707
*710
712
*715
*718
721
*723
*726
u729
731
734
«737
740
742
*745

*748
751

u753
*756
*759
762
n764
767
*770
773
775
n778
-781
784
*786
*789
*792
*795
797
=800

805
808
811
814
816
819
822
825
827
830

-833
+836
-838

844
*846
*849
«852
*855
«858
«860
+863
+866
-868
-871
874
877
«879
=882
-885
-888
«890
«893
+896
«899
*901
=904
«907
«910
*912

915
018
<021
023
926
929
931
<934
937
940
942
=045
948
951
=053
956
959
=962
-964
«967
=970
973
=975
978
981
084
086
989
n992
-995
«997



188 TABLE XL.

For convertirlg. the centésimal division of the quadrant

into the sexagésimal division of the same.

Centésimal degrees.

Centes. Sexages. Centes. Sexages. Centes. Sexages.

m] 0 i m] o i D o
1 0 54 34 30 36 07 60 18
2 1 48 35 31 30 08 61 12
3 2 42 36 32 24 09 62

4 3 36 37 83 18 70 63 0
5 4 30 38 34 12 71 63 54
6 5 24 39 35 6 72 64 48
7 6 18 40 30 0 73 65 42
8 7 12 41 30 54 74 06 36
) 8 6 42 37 48 75 67 30
10 9 0 43 38 42 70 68 24
1 9 54 44 39 30 77 09 18
12 10 48 45 40 30 78 70 12
13 11 42 46 41 24 79 71 6
14 12 36 47 42 18 80 73 0
15 13 30 48 43 12 81 72 51
16 14 24 49 44 6 82 73 48
17 15 18 50 45 0 83 74 42
18 16 12 51 45 54 84 75 30
19 17 6 52 46 48 85 70 30
20 18 0 53 47 42 " 86 77 24
21 18 54 54 48 30 87 78 18
22 19 48 55 49 30 88 79 12
23 20 42 56 50 24 89 80 6
24 21 36 57 51 18 90 81 o0
25 22 30 58 52 12 91 81 54
26 23 24 59 53 6 92 82_ 48
27 24 18 60 54 0 93 83 42
28 25 12 61 54 54 94 84 80
23 6 6 ' 62.. 55 48 95 85 30
30 27 0 63 56 42 96 jfo 24
31 27 54 64 57 36 97 87 18
32 28 48 65 58 30 98 88 12
33 29 42 66 59 24 99 89 6

34 30 36 67 60 18 100 90 0



Table XL.

commued.

189

For converting the centésimal division of tlie quadrant

Centcs.

«01
=03

«20
21

23

25
-86
27
«28
29
«30
*31
32
«33

into the sexagésimal division of the same.

Sexages.

i n
0 334
1 48
1 37,2
9,6
42,0
14,4
46,8
19,2
51,6
24,0
56,4
28,8
1,2
33,0
0,0
38,4

10,8

© © 0 0 g N o o0 o b~ b 0w w MDD

43,2
I'5,6
48,0
20,4

e s T
P B O O

53,8
25,2

[N
NN

57,6
30,0
14 24
14 348

=
w

15 7,2
15 39,6
16 $0
16 44,4
17 16,8
17 49,2
18 21,6

Centésimal minutes.

Centes.

34
© 35
36
37
-38
39
40
w1
42

IfSexaSes. Centes.
i n
18 21,0 67
18 54,0 *68
19 26,4 *69
19 58,8 *70
20 31,2 71
21 3,6 72
8l 36,0 73
22 8,4 74
22 40,8 75
33 13,2 *76
23 45,6 77
24 18,0 78
24 *50,4 79
25 228 «80
25 55,2 «81
26 27,6 w82
27 0,0 «83
27 32,4 -84
28 48 1 'm85
28 37,2 *86
39 9,6 «87
29 42,0 -88
30 14,4 -89
30 46,8 *90
31 19,2 «01
31 51,6 92
32 24,0 93
32 56,4 94
33 28,8 *95
34 1,2 *96
34 33,6 97
35 6,0 «98
35 384 «99
36 10,8 1'00

Sexagas.*
i u
30 10,8
30 43,2
37 15,0
37 48,0
38 204
38 52,8
39 252
39 57,6
40 30,0
11 2,4
41 34,8
42 7,2
42 39,6
43 12,0
43 44,4
44 16,8
44 49,2
45 21,6
45 54,0
40 26,4
40 58,8
47 31,2
48 -36
48 36,0
49 8,4
49 40,8
50 13,2
50 45,6
51 18,0
51 m 50,4
52 22,8
52 55,2
53 37,6
54 0,0



190 Table X j.. continuée!.

For converting the centésimal division of tlie quadrant
into the sexagésimal division of the same.

Centésimal seconds.

Centes. Sexages. Centes. Sexages. Centes. Sexages.
«0001 0,324 «0034 11*016 -0067 21,708
0002 0,648 «0035 11,340 0068 22,032
«000.3 0,972 0036 11,664 =0069 22,356
0004 1,296 «0037 11,988 =0070 82;680
0005 1,620 +0038 12,312 0071 23,004
<0000 1,944 =0039 12,636 m0072 23728
<0007 2,268 +0040 1.2,960 «0073 23,652
0008 2,592 «0041 13,284 m0074 23&70
+0009 2,016 0042 13,608 m0075 247600
0010 3,240 +0043 13,932 m0076 24,624
=0011 3,564 <0044 14,256 «0077 24,948
0012 3,888 m0045 14,580 =0078 25,/
<0013 4,212 0046 14,904 +0079 35,596
0014 4,536 0047 15,2~ 0080 »g,920
<0015 4,860 0048 1.5,552 =0081 26,244
0010 5,184 0049 15,876 m0082 26,568
<0017 5,508 m0050 16,200 +0083 26,802
0018 5,832 +0051 16,524 =008,4 27,216
m001.9 6,156 «0052 16,848 m0085 27,540
0020 6,480 =0053 17,172 +0086 27,864
«0021 6,804 0054 17,496 0087 28,188
0022 7,128 =0055 17,820 -0a88 28,512
0023 7,452 m0056 18,144 =0089 28,836
=0024 7,776 m0057 18,468 +0090 29,160
0025 8,100 +0058 18,792 =0091 29,484
0026 8,424 =0059 19,116 m0092 2fm)8
<0027 8,748 +0060 19,440 0093 30,132
=0028 9,072 -0061 19,764 0094 30,456
«0029 9,396 «0062 20,088 «0095 30,780
0030 9,720 «0063 20,412 =0096 31,104
+0031 10,044 0064 20,736 «0097 31,428
+0032 10,368 =0065 21,080 +0098 31,752
<0033 10,692 =0066 21,384 <0099 32,076

«0034 11,016 «0067 21,708 <0100 32,400
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Comparison of Fahrenheit’'s thermometer, with Reaumur’s
and the Centésimal.

Fahr. Reaum. Centes. Fahr. Reaura. Centes. Fahr. Reaum. Centes.

(o} o O

33 + 0°4 + 0,6 67 + 16i0 + 19°4

0 —14°2 —17°8 34 0,9 11 68 16,0 20,0

1 13,8 17,2 35 1,3 1,7 69 16,4 20,6

° 1mM3 16,7 36 1,8 2,] 70 16,9 21,1

3 o 161 37 2,2 .28 71 17,3 21,7

4 12,4 15,6 38 2,7 33 72 17,8 22,2

5 12,0 150 39 3,1 39 73 18,2 22,8

G 11,6 14,4 40 3,6 4,4 74 18,7 2¢ ™

7 11,1 139 41 4,0 50 75 19,1 23,9

8 10,7 18,3 42 4.4 56 76 19,6 BT?4,4

9 10,2 12,8 43 4,9 61 77 20,0 25,0

10 9,8 122 44 53 67 78 20,4 25,6
11 9,3 11,7 45 5,8 7,3 79 20,9 26,1
12 8,9 11,1 46 6,2 78 80 21,3 36,7
13 8,4 10,6 47 6,7 83 81 21,8  *27,2
14 8,0 10,0 48 7,1 8) 82 22,2 27,8
15 7,6 9,4 49 7.6 9,4 83 22,7 28,3
16 7.1 89 50 8,0 100 84 23,1 28,9
17 6,7 83 51 8,4 10,6 85 23,6 29,4
18 6,2 78 52 8,9 11,1 86 24,0 30,0
10 . 58 73 58 9,3 11,7 87 24,4 30,6
20 5,3 c,7 54 9,8 12,2 88 24,9 31,1
21 4,9 61 55 10,2 12,8 89 25,3 31,7
22 4.4 56 56 10,7 133 90 25,8 32,7
23 4,0 50 57 11,1 139 91 26,2 32,8
24 3,6 4,4 58 11,6 14,4 92 26,7 33,3
25 31 39 59 12,0 150 93 271 33,9
26 2.7 33 60 12,4 156 94 27,6 34,4
27 2,2 2,8 6l 12,9 16,1 95 28,0 35,0
28 1,8 22 62 13,3 16,7 96 28,4 35,6
29 1,3 17 63 13,8 17,3 97 28,9 36,1
30 0,9 11 64 14,2 17,8 98 29,3 36,7
31 -0,4 - 06 65 14,7 18,3 99 29,8 37,2

82 0,0 0,0 66 + 151 + 18,9 100 + 30,2 + 37,8
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Comparison of French and English Measures, &c.

39-37079 ® Eng.'Inches of

French Metre e e
Decimetre 3-93708 | Sir G. Shuck-
Centimeétre | t . 039371 | burgh’'s scale,
Millimétré J £ . 0.03937 J at G2° Fahr.
French Toise Jjj 70-7394001
— — Foot A o 12-789.900 | English Inches
_________ Inch |I o, 1-005825 [ oftllc Sl,me’ at
Line J 0-088819 J 5G°'3 Fahr’
French Toise 1I cfg' . T —9490361I Erench Metre
Foot C 0-824839 ¥/ 01°,3 Fahr.
_________ Inch « .. 0-037070j
J B
English Foot 1 o 0-304794 | French Metre
_________ Inch F’f* ) 0-025399 | at 32° Fahr.
J ta J

Centes. Deg. of the Quadrant or P'OOOO = 0° 54" 0,f000
Minute or 0G0100 = 33,400 \Sexagésimal
.Seconds or 0°'0001 = 0,334j

Comparison of differenfl|ffiff)-MOTji(;fci-.s

x° Reaumur = (32° + 9 .v°) Fahr. = ] j° Centes.
&° Centes. = (32° + 2 x°)Fahr. = | =:Reaum.
V° Fahren. = (.wv° — 32°) .i Reaum. = (#° — 32°) 1 Centes.

The length oi the pendulian vibrating seconds of mean solar time, in Lon-
don, in vacuo, and at the level of the sea, is 39T393 Enghsh Inches of

Sir G. Shuckburgh’s scale, at 62° Fahr.

The velociiy of sound, in one second of time at33°Fahr.indry air, is
about 1090 English feet. For any higher température,add Hoot

every degree of the thermometer above 32°r**t"- . J; u,
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Logarithms of various quantities.

Radius, reduced to seconds of the a 206264",8
CircunHreflse of the circle, diameter= 3-1415926
Length of 1°in parts of do. .. 01745329
.Length of 1' in parts of do. .o 00029089
SIN L " e 00000486
sin 2'A . . | .s 00000970
SIN B s 00001454
Number whose Hyper, log. is= 1 2-7182818
Mbdulus of the common logarithms *43429448
dUflbomnlewéjg to the same 2-302585J.
12 hours, expre«sed in seconds * 43200
Complément to the same 00002315
24 hours, expressed in seconds 86400
Complément to the same m00001157
360 degrees, expressed in seconds 1296000
Compression of the earth = Ifj, ™ m0033SS
Sidereal révolution of the Earth, in days 365-2"636
Tropical révolution of do........ceevveveennnnnee 365-24224

' Sidereal time into Mean Solar time
French Toises into Métr&s . . 1
i . at 61°-3
Feet into Métres . BN

*Toises into English Feet
at 56°-3
Feet int0 English Feet :}
Metre into English Feet a( t)e]r

——————————— Millimétrés into Eng. Irich.J standards

L) | Centes. Degrees of Quadrantinto Sexages. Degrees
Minutes of do. into Minutes

i- «Seconds of  do. into « Seconds

193

Logarithms
5-3144251

0-4971499
8-2418773
6-4637262
4-6855749
4-9866049
5 1626961
0-4342945
9-6377843.
0-36221'57
4-6354837
5-3645163
4-9365137
5 0634863
6-1126050
7"e228787
2-A625978
2-5625810

9-9988126

0-2898200
9-5116687
0-8058372
0-0276860

0-5159929
8-5951741
i1-PP-i

1-7333938'
3-5105450

The arithmetical compléments of these last 10 logarithms will serve to

convert Mean Solar time into Sidereal time, Métrés into Toises

&c, English Feet into Toises &c, and the Sexagésimal divisions of

the Quadrant into the Centésimal divisions.
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For the comparison of French and English Barometers.

Milli- English French Milli- English French
métrés inehes inehes &lines métrés inehes inehes & lines

7n f27>9927 « 26 3,183 741 - 291738 w27 4,482-

7*2 280320 3,627 742 e m-2131 4,926 °
713 0714 4,070 743 w525 5,309
714 1108 4,513 744 2919 5,812

715 <1501 4,956 745 3312 6,256
716 1895 5,400 746 3706 6,699
717 2289 5,843 747 4100 7,142
718 2683 686 748 4494 7,585
719 w3076 6,730 749 w4837 8,029
720 w3470 7,173 750 w5281 8,472
721 w3864 7,616 75h" w5675 8,915
722 1, 4267 8,060 752 0068 9,359
723 4651 8,503 75tK' 6462 9,802
724 w5045 8,946 754 6856 10,245

725 5438 9789 755 «7249 10,688 m
726 w587 9,833 756 w7643 11,132
l622Ccn 10,276 757 80335 27 11,575
728 *6620 10,719 758 «8431 28 0,018
. 729 <7013 11,163 759 8324 0,462
730 w7407  26' 11,606 760 0218 0,905
731 <7800 27 0,049 761 29-9612 1,348
732 =31 0,493 762  30-0005 1,7%%
733 m3533 0,936 763 0399 2,235
734 8982 1,379 764 0793 2,678
9375 1,823 765 m1187 EKI, 121
736 289769 2,266 766 m1580 8-565
737  29-0163 2,709 767 <1974 4,008
738 w0556 3,152 . 768 2363 4,451
739 <0950 3,596 769 w27fii 4,895

740 ' 29-1344 27 4,039 770 30-3155 28 ~|8
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For the companson of French and English Barometers.

Milli-  English French
métrés  inclies nches & lines Proportional parts

771 30-3549 §281 Milli- English Fr.ench

772 -3942 0,224  Métrés  inches lines

773 *43.30 6,008 01 0-0039 0,044

774 *4730 7,111 0-2 0-0070 0,089

775- 51*4 7,554 03 0-0118 0,1:33

776 5517 7,998%. 0-4 0-0157 o, m

7-77 *5011 8,441 0-5 00197 0,222 L]

778 «0.305 ~84 00 00236 0,266

779 «0098 9JS28 0-7 0-0276 0,310

780 *7092. 9,771 0-8 0-0315 0,355"
0-9 0-035*4' 0,39.9

781 *7486 10,214 10 0-0394 0,443

782 *7879 10,058

783 «8273 11,101

784 8067 11,544 t =39-8707 Eng. incli.

785 -9000 28 11,978 1 Metre T =443,290 Pans lines

786 -9454 29 0,431

787  30-9848 0.874 1 Eng. foot .| ;O;zzjzlitzie::;es

788 31-0242 . 1,317

789 «003.T 1,761 ,=1-0658 Eng. foot

1French foot 1
790 31-1029 29 *204 t =0-3*484 Metre
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Table XLIV.

continuée!.

For the comparison of Freneh and English Barometers.

English
inches
'28-0
el
2

Milli- French
métrés inches & lines

71M9 26 3.266

713-73 4,392
716-27 5,518
718-81 6,644
jgfaE 7,770
723-89 8,896
726-43 10,022-

728-97 26 11,148
731-51. 27 0,274

734-03 1,400
736-59 2526
739-13 3,652
741-67 4,778
744-21 5,904
746-75 7,030
'749-29 8,156
*>51-83
754-37 10,408

756-F1 27 11,534

759-45 0,659
761-9.9 1,785
764-53 2,911
767-07 4,037
769-61 5,163
772-15 6,289
774-69 7,415
777-23: 8,541
779-77 9,667
782-slI 10,793

784-85 28 11,919

Proportional parts

English Milli

inches

001
0-02
0-03
0-04
oor
006
0-07
0-08
0-09
0-10

French
metreaBl lines
«000.254 0,1126
-000508 0,3SES
*000762 0,3378-
«001016 0,4504

B .00iWir* 0,5630
-001524 0,6756
=001778 0,7882
«002062 0,9008
«002286 1,0134
«002540 1,1360

TABLE XLV.

Dépréssion of Mercury in glass tubes

Diameter Ivory Young

0-05
«10
.15
«20
w25
30
35
40
45

*60
u70
0-80

'0-2949 0-2964

1404
0865
0583
<0409
O Oji
m0212
0154

- m0112
0082
=0043
0033

0-0012

«1424
=0880
«0.")
m0404
um0280
*0196
m0139
«0100
m0074
=0045

l.aplace

1394
-0854
0580
0412
<0296
0216
0159
0117
0087
0046
-0024
0-0013



EXPLANATION OP THE TABLES.

T able | does not appear to require any explanalion. It
contains the Longitudes (from Greenwich) and the Lati-
tudes of various places where astrononucal observations
have been made; and has been taken, for the most part,
from the Connaissance des tems. Some of the places, how-

ever, have been corrected from more recent observations.

Tables Il and 111 serve to convert sidereal time into
mean solar time; and vice versa. Tliey show the sidereal
time of mean noon on any given day in any given year.

The values in the first of these tables have been formed
on the assumption that the sun’s mean right ascension at
mean noon at Greenwich on January Ist in any year is
exactly equal to 18h 40m 0S (which, though not strictly
correct, is very nearly so) : and that its increase in right
ascension in a mean solar day is 3m 56s555. To this
table is annexed, in a separate column, the amount of the
motion of the moon’s node from January Ist to any other
day in the year ; for a purpose to which 1 shall presently
allude.

The second of these tables serves to correct the values
given in the preceding table. For, siace the mean right
ascension of the sun will never be the same on the Ist of
January in any two years, it becomes necessary to correct
the values in Table Il by the addition of the quantifies
here set against the given year. The sum of these two

2c?2
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values gives the correct right ascension of the sun at mean
noon at Greenv .eh, as reckoned from the mccm equinox.

These values have been computed front the formula

Ty [53'. 29".8 - {y - 4/3) 14'. 47",08 + 27".48j/]
= 3m 335993 - (y - 4/3)5951.387 + 1%S820j/

wliere y dénotés the nunrber of years from 1800 (négative
before, and positive ajtcr that period) and Bthe number
of bissextile days between 1800 and the month of Mardi
in tlie given year, wliich also change? its sign with y.

As these tables are formed for the meridian of Green-
wicli, it is évident that a correction must be applied when
tliey are intended for any other place situated cast or west

of that observatory. The amount of tliis correction is
A x 050027379

wliere A dénotés the longitude in time (expressed in seconds)
from Greenwich ; + when west, and — when east.# In
the third column is given the mean place of the moon’s
node on the Ist of January ; the wliole cirde being sup-
posed to be divided into 1000 parts.

For an example of the use and application of these
tables, see Problem |I.

* These corrections will be, for the following observatories, as under :

viz.
G'544
17,544
4,167
Konigsberg . . . — 13,462
Milan ... — 6.040
Palernio . . . . — 8,783
Pararaatta Lo — .99,255
Paris .ooeeeennns. — 1,536

Vienna.....ooooeeeeenn — 10,763
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Fables 1V and V show tlie correction for the Lunaij and
Solar Nutation ; or the values which ought to be applied
to tliose given in Tables Il and Ill, in order to obtain the
sun’s mean right ascension as reckoned from the apparent
equinox. The true correction, as deduced from Formula

X X X 1l in page 106, is

-15".868sin&+ 0,191 sin2& — V', 151 sin2© - 0",190sin 2j)
- 15058 sinft+ 05013 sin2& —dflo77 sin2® -0 S013 sin2D

Table IV contains the correction depending on the moon’s
node (the position of which may be taken from the two
pfeceding tables), the whole circle being divided into 1000
parts. Table V contains the correction depending on the
sun’s true longitude, the place of winch must be taken
from an ephemeris. The last quantity, depending on the
moon'’s true longitude, has been omitted as too smail to
affect the results in any material degree.

For an example of the use and application of these

tables, see also Problem I.

Table VI expresses the motion of the sun’s mean right
ascension in a sidereal day, for hours, minutes and seconds
of mean solar time ; and will be fourra very useful and con-
venientfor converting sidereal time into mean solar time.

For an example of tlie use and application of this table,

sce also Problem |I.

Table VIl is a similar table for the motion of the sun’s
mean right ascension in a mean solm day, expressed in
hours, minutes and seconds of siaercal timfeq and will be
found occasionally useful and convenient for converting

mean soiar time into sidereal time.
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For an example of the use and application of this table,

see also Problem 1.

Table V III serves to convert degrees, minutes and
seconds of space into similar dénominations of time : and
vice versa. It is founded on the ratio of 15° to P. and

does not reqiure any further explanation.

Tables I1X, X and X | contain Mr. lvory’s refractions,
as given in the Pliil. Trans. for 1823. The first of these
dénotés the mean refraction, for the several degrees of
zénith distance therein stated : to which are annexed, in a
contiguous column, for the convenience of computation,
the logarithms of those values, with their différences. The
mean values are computed on the assumption that the tem-
pérature of the air is 50° of Fahrenheit's thermometer, and
that the barometer stands at 30 inches. Table X serves
to correct these values when the thermometer or barometer
is higher or lower than the mean state above mentioned *.
The value, thus corrected, shows the ajyproximate refraction:
which, in most instances, wiU be sufficiently correct. But,
in the case of low altitudes and where great accuracy is
required, this value must be further corrected by Table X1,
agreeably to the rgle there gi\en.

For an example of the use and application of these

tables, see Problem II.

* In this table | have imited Mr. lvory’s tables Il and IV ; which is
the only altération that | have made in his arrangement. No error will
arise from this disposition of the tables, if the httcrior thermometer be
used ; nor if the température out of doors differs but little from that

within.
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Tables X 1l and X IIl are Dr. Erinkley's very con-
venient tables for tlie computation of refraction : but they
are not adapted to altitudes lower than 10 degrees. The
argument in the first of these tables is the height of Fahr-
enheit's thermometer : corresponchng to which is the loga-
rithm of 4 quantity which | shall dénoté by T, and which
must be multipned not only by the height of the barometer
(expressed i;i inclies) but also by the tangent of the zénith
distance of the star, which must not be greater than 80°.
This will give the approximate refraction : which, in the
case of low altitudes, and wliere great accuracy is required,
must bi™further corrected by subtracting the value (which
I shall call c) in Table X 111, set against the given zénith
distance, and under the given height of the barometer.

For an example of the use and application of these

tables, see also Problem II.

Table X 1V has been computed from the assumed hori-
zontal parallax of the sun, at its mean distance, being equal
to 8",60: and gives the required parallax of altitude on the
first day of every month. The proportional parts are
easily found for any intermediate day.

Since parallax always tends to lower the true altitude
of a body, we must add the parallax to the observed alti-
tude, iu order to obtain the true altitude. Or, which is the
same thing, we must deduct it from the observed zénith
distance, in order to obtain the true zénith distance.

The ust and application of this table are sufficiently

évident without an example.

Table XV will be found very convenient for determinir
the time as deduced from observations of single altitudes of

the sun or a stai The formula, for the reducbon of such
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observations, is given in page 89 : and it will be tliere seen
that the hour angle P is ahvays deduced from a logarithm
which expresses the value of sin91P. In order to save the
lime and labour of computing the values of sucli logarithms
and to prevent the occurrence of error, | have given the
corresponding hour angles, for every minute of cime, from
3 hours to 8 hours ; which will be sufficient for ail ordinary
purposes. The time corresponding to any intermediate log-
arithm may be readily determined by direct proportion.
For an example of the use and application of tliis table,

see Problem I11.

Table X V1 is f<jr determinmg the équation of equal alti-
tudes of the sun, which will be found more convenient and
correct tlian the table in général use for that purpose. It
is computed from the Formula X V Il in page 92. The
value of A (which is ahvays négative) must be multiplied
by the double daily variation of the sun’'s déclination (con-
sidered as négative when decreasing) and also by the tangent
of the latitude of the place : to which must be added the
value of B, multiplied also by the double daily variation of
the sun’s déclination, and likewise by the tangent of the
sun’s déclination at the time of apparent noon Ol1 the given
day. The sum of these two quantities is the correction
required.

For an example of the use andftipplication of this table,

see Problem IV.

Table XV Il is computed from the Formula XV in
page 90 (No. 5 and 11). The hour angle, at which the
star passes the prime vertical, may be deduced from No. 1,
and the hour angle at which the vertical bécomes a tangent
to the circle of déclination may be deduced from No. 10.
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The Jour angle, tims deduced, being culded to the right
ascension of the star will give the sidereal time when the
star is on the prime vertical, or becomes a tangent to the
circle of décimation, to the westward ; or being siibtracted
from the right ascension of the star (increased by 24-1if
necessary) will give the sidereal time of the same position
to the eastiaard. To pensons in the practice of making ob-
servations on or near the prime vertical, it would be useful
to have atable calculated to show the altitude of those stars
which they usually observe in such case, and the time at

which they pass the prime vertical. See Problem XIV.

Tables X VIIl and X IX are the well known tables for
the rcdxiction to the meridian, computed agreeably to the
Formula X I X u page 93. The first of these tables shows
2sm2"
— —A—*: and the argument of the

sm 1
table is the distance (in time) of the sun or star from the

the value of A =

meridian. This value (or the surn of those values divided
by the number of observations, if more than one observa-

* Since 2sia2JP dénotés the versed sine of the arc P, it is évident
that the expression in the text is equal to X ver.sineP. It isin

this manner that the tables for the réduction to the meridian have been
published by the Board of Longitude. They have printed a table of the
versed sines of arcs from O to 30mof time, and direct that the arith-
metical complément of the logarithmof sin 1" be added to the constant
logarithm (with its index increased by 4) of the number by which the
resuit is multiplied: thus increasing the trouble and the liability to
error. W e are also directed to use the logarithm 5'3168000, instead o f
the arithmetical complément of the logarithm of sin 1", for observations
on the stars, when solar time is employed : but the true logarithm is
5-3167066 : a slight différence, which however is of no great moment.
2D
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cosL .cosD *.
sin Z
and the product subtracted from the zénith distance (cor-

tion lias been made) must be multinlied by

rected for réfraction &c) of the sun or star observed near
the meridian. The différence-\ thus obtained will give the
true méridional zénith distance of the sun or star, as cor-
rectly as if it had been observed precisely on the meridian.
It must liowever be remarked that, when the distance from
the meridian is considérable, and when great accuracy is
required, this value must be further corrected by the ad-
dition of the value of B in Table X IX multiplied by

The distance (in time) of the sun or star from the me-
ridian is determined by a well regulated clock ; and, for
greater simplicity, the motion of the clock should corre-
spond with the object observed : that is, if the sun be the
object, the clock shoukl be regulated to mean solar tune;
and if a star be the object, the clock should be regulated to
sidereal time. This liowever is not absolutely necessary,
since we may readiiy correct the errors arising from the
rate of the clock. For if the sun be the object, and the
clock be regulated to sidereal time, we must multiply A by
99455418 (log = 9-9976285) : and if a star be the object
and the clock be regulated to mean solar time, we must
multiply A by T00547562 (log = 0,0023715). Tliere is
liowever, in ail cases, a correction neccMiry when the

* See the list of Errata, in this work.

f If the star lias been observed nncler the poéle, we must take the sum
of these two quantifies.

J Or the sum of the values of B, divided by their nmnber, if more
tharP'one observation lias been made.
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clock does not go accurately during the observations: and
whenever this occurs, we must multiply the value of A still
further by 1+ ‘00002315r (log = 0'000010053 x r) : where
r dénotés the daily rate of the clock, expressed in seconds,
which must be assumed minus when goining, and plus
when losing.

For an example of the use and application of these

Tables, see Problein V.

Table X X shows the mean obliquity of the ecliptic, on
the Ist of January in every year during the présent cen-
tury. It is deduced from the assumption that the mean
obliquity in 1750 was 23°. 28'. 17",63; and that the animal
diminution is 0",457- Tins corresponds with the détermi-
nation of M. Bessel, as given in Professor Schumacher’s

Aslronomische Naekrichte-n, No. 34.

Tables X X1 and X X Il serve to détermine the correc-
tions for lunar and solar nutation, which should be appliecl
to the values in the preceding table, in order to obtam the
apparent obliquity of the eclipdc : and also the value of the
lunar and solar nutadon in longitude. The correction for
the obliquity is deduced from the Formula X X X Il in
page 105, and is equal to

+ 9"-,250 cos&-0",090 cos2& + 0",545 c0s2© +0",090 cos2 1

to which nmst be added the diminution of the mean obli-
quity from the Ist of January to the given day, which is

equal to oVv57

where d dénotés the number of daygfplapsed from the com-

mencement ol'ilu year.
S3n 2



204- Explanation of the Tables.

The correction for the longitude is (as in page 105) equal to
— 17,7298 sin S+ 0",20Ssin2bl—1',255sin20 —0",207sin 2 j)

Table X X I contains the corrections for the Longitude
and Obliquity depending on the place of the moon’s node
(which may be taken from Tables Il and IIl), the whole
circle being divided into 1000 parts. Table X X Il contains
the corrections for the same quantities depending on the
sun’s true longitude : the day of the month being made the

argument. In the column marked Oblig. the value of
0" 457
—————— X d has been included in the computation. The

last quantities, depending on the moon’s true longitude,
are omitted, as being too small to affect the results in any
material degree : but tliey may be taken iuto the computa-
tion (if required) by actual calculation.

For an example of the use and application of these

Tables, see Problem V III.

Table X X Ill is introduced with a view to preserve
some uniformity in referring to the principal lunar spots.
Much confusion has arisen from the various names given
to the same spots on the moon, by différent autliors. The
présent list is taken from the plate in Russel's Description
of the Sclefiographia, who has proposed these spots as a
basis from which the situation of other less remarkable
spots may be determined. The latitudes are computed
from a line passing through Censorinus; the longitude of
which is assumed equal to 32° west: ;uid the positions are
taken from the table in the Recueil de Tables Astrono-

miques, Berlin 1776.

Table X X IV shows the angle of the vertical, deduced

from the Formula X X I, in page 95; where c is'iftssumcd
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equal-to 300. The logarithms of the earth’s radius, in the
last column, are deduced from the Formula X X |1, on the
same assumption. These quantities are necessary in com-
puting the parallax of the moon : for, in such calculations,
the latitude of the place and the équatorial parallax of the
moon must be diminished in conséquence of the compres-
sion of the earth. The values for the latitude of Green-
wich are given separately at the bottom of the table.

For an example of the use and application of this Table,
see the note to Problem X 1.

Table X XV shows the augmentaiion of the moon’s
semidiameter on account of her altitude, deduced from the
Formula X XV IlIl No. 1, in page 101 ; according to the
several values ofs, from 14V 30" to 17'. 0".

Its use and application are too obvious to require an
example.

Table X X V1 contains the logarithms for the équations
of the frst, second and, third différences of the moon’s
place; and will be found very convenient for obtairfing the
correct values required. They are computed from the
Formula X X X in page 103, for every ten minutes of time

from noon or midnight. The two columns, entitled frst
différences, contain the logarithms of — h; to which must
be added the logarithm of A" : the natural number cor-

responding to the sum of these two logarithms will be

the équation of the first différence *. The column,

* The logarithms in the Table are carried tofour places of décimais
only; which is sufficicnt for the équations of the second and third

différences : but probably may not be consitlfcred in many instances
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entitled second différences, contains tlie logarithm of
1 ;. to which must be added the logarithm of
2 (12)' g

d+ d"
— . the natural number corresponfnng to the sum of

these two logarithms will be the équation of llie second
différence. The column, entitled third différences, con-

tains the logaritlnn of “ ' *> which must

be added the logarithm of S. This last quantity is how-
ever generally so small, that it may in most ordinary cases
be omitted. Al these équations are to be applied to the
nioon’s place, according to the signs - and it should be
remembered that the moon’s latitude, and déclination,
when south, is considered as a négative quantity.

For an example of the use and application of this Table,

see Problem X.

Table X X V Il was originally computed from tlie values
given in Formula X X X | in page 101, and which are the
same as those given by M. Bessel in his Fundamenta
Astronomice, page 297. But that distinguiSel astronomer
lias (since that formula was printed) re-investigaxed the
subject of the precession of the equinoxes, and the resnlt
of his inquiry is the table liere given*.

The use and application of this Table are too well
known to require an cxample. The formulas, for deter-
nfihing the annual procession of a star in right ascension

and déclination, are-given at the bottom of the Table. In

accurate enough for the first différences. In such case, we muy'coin-
putc the logarithm from. the formula

* The altérations in the values in the Formula are noticcd in the list
#f Knala.
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tliese formulee, ami inde.ed ‘in ail tlie formula iu tlie présent
work, tlie. déclination wlien south is considered as a néga-
tive (juantity, and treated as such in the algebraic and
arithmetical computation. Thei;efore when in such case
the amount of precession, aberration &c in déclination is
a positive quantity, it must be subtracted from the mean
déclination : and, on the contrary, when it is a négative
quantity, it must be added thereto, in ordei’ to obtain the
apparent déclination. Some astronomers still consider the
déclination as always positive ; and change the sign of the
precession &c wlien the star lias south déclination. But
the former plan is the most convenient; and is now more

generally adopted.

Tables X XV III—X X X1 are M. Gauss's very con-
vement and général tables of aberration and nutation.
They are deduced from a transformation of the Formulee
XXX Il and X X X1V in pages 106 and 107; and will
be found very usefnl when we have not a ready access to
more comprehensive tables. The constant of aberration is
assumed equal to 20",255; the constant of the lunar nuta-
tion of the obliquity equal to 9",65; and tbe constant of
the solar nutation of the same equal to 0",493. These
values differ ni a slight degree from those given in the
formulae above mentioned : but this différence will in most
cases be insensible in praetice. The use and application
of these Tables may be understood from the following

expressions.

For the correction in Right Ascension
Aber = —a.cos (O + A —/A.)secD
Lunar Nut = —i.cos (Q + B—Z4) tan D
Solar Nut = the two équations fron Fable X X X |
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For the correction in Déclination
Aber= —«.sin (O + A —/A.)sinD + the2eq.ofTab.XXIX
LunarNut= —b.sin(O + B }4)
Solar Nut = the équation from Table X X X |

The values of A and of the logarithm of a are to be takcn
from Table X XV Ill: and the values of B and c, and the
logarithm of b, are to be taken from Table X X X . The
solar nutation is taken from Table X X X | : and it should
be remarked that the second part of the solar nutation in
right ascension must be multiplied by the tangent of décli-
nation. The computer should bear in mind that, in the
whole of these opérations, the déclination when sonth is
always considered as a négative quantity, and the results
must be applied accordingly watli the proper signs.

For an example of the use and application of these

Tables, see Problem X I1I.

Table X X X Il is the well known table of the length
of circular arcs (radius = 1) deduced from the expression
I = f/.sin1". Whence, the length being known, we have

the arc a= -J —ll'll': where | dénotés the length of the arc,
sm

and a the arc itself expressed in seconds. Its use and

application are too well known to require an example.

Table X X X 11l shows the semidmrnal arc, or the in-
terval of time employed by the sun or a star in passing
from the horizon to its point of culmination, and vice versa,-
aecording to its déclination, and the latitude of the place.
These values have been deduced from the equaiion in
Formula XV in page 89, without considering the effect of

refraction ; which would increase the durahon aecording
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to tlie tircumstances of the case. The use and appli-
cation of this Table are sufficiently évident without an

example.

Table X X X1V has been introduced merely for the
purpose of showing the relative values of the quantities
therein stated, according to the latitude of the place of ob-
servation. The lengtlis of the degrees of longitude and
latitude are computed from the Formula X LIIl in page
116. The length of the pendidum is computed from the
formula in page 22: and the increase in the number of its

vibrations, from the Formula X L in page 113.

Table X X XV contains the expansion of varions sub-
stances used in experiments and observations on the pen-
dulum. It is extracted from a more copious list given by
me at the end of my paper “ On the Mercurial Compensa-
tion Pendulum?” inserted in the Me?noirs of the Astronomi-
cal Society, Vol I, pages 416— 419. The numbers in the
table contain the linear expansion of the botly, for one
degree of Fahrenheit's thermometer : if this number be
denoted by e and the différence in the thermometer by t,
the total expansion for t degrees of the thermometer will
be et. If | dénoté the length of the body before expan-
sion, theu will its length after the application of heat be
V=11 + «t).

At the bottom of the table | bave inserted the cubical
expansion of Mercury and of Air. The expansion of
mercury lIras been determined vith the greatest accuracy
by MM. Dulong and Petit. The absolute expansion is
that which does not dépend on the form of the vessel
which contains. it, nor on its expansion : whereas in the
apparent expansion (in glass) these circumstances are

2 e
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taken into the computation *. The expansion of air is
generally assumée! as equal to ~4” of its bulk, for every
degree of Fahrenheit'sthermometer : but this applies more
particnlarly to air rendered perfectly dry for the purpose
of the experiments-employed. The expansion of common
atmospheric air, impregnated as it generally is whh a
certain degree of moisture, is supposed by M. La Place to
be
table.

450 Ofits bulk.  These are the two values stated in the

Table X X X VI is anew and vcfy convenient table for
computiijig, by means of logarithms, the différence of alti-
tudes with the barometer. It is deduced from the Formula
XX X VIl in page 111 f, by expanding the last term in
M. La Place’'s formula, reducing the measures to English
feet, and expressing the température by Fahrenheit's ther-
mometer. Whence the différence of altitude between the
two stations will “ found equal to

X = 60345-51 1+ -001111 (/+ ~—64°)J

xlog. of[_"z3 X —1+_000}_-(rr_rr|3 Jl < L1+'002605 cosg 1|']]Ji

In this Table, A dénotes the logarithm of the fitst term
here given, expressed in English feet; and C tbe logarithm
ofthe lastterm : B dénotés the logarithm of 1+-0001 (r—F).
In the formation of this table | havé assumed thé expan-

* The relative vertical- e.vpemsiou of mercury, in the glass vessel used
for the bob of a pendulum (and which is the quantity that affocts the
rate of the clock) isbound by deduetingRcio? the linear expansion of
the containing vessel from the abkohite expansion of the mercury: and
it may be assumed equal to -00009.

uf See the etm-'éétion of this formula, amongst the En-ata.
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sion of ail, for one degre¢. of Fahrenheit, to be ‘00222222,
instead of the quantity +00208S83v.as_sumed by M. Biot.
The ride for the application of this table is, given at the
bottom thereof in page 183: and here it may be useful to
remark that the heights of the barometers may be taken in
any measurcp.whatever ; whether in English inches, French
métrés, or any other seale.— For an exnmple of the use and

application of this Table, see Problem XV I.

Table XX X VIl will be fourni useful in converting
hours, minutes and seconder into the décimal pends of a
day : an opération of fréquent occurrence in computations
relative to practical astronomy. Its use and application
are sufliciently eviuent without further explanation.

Table X X X V IIl will be found of similar use in con-
verting the sexagésimal divisionsll (or the minutes and se-
conds) of a ie'fkeshinto the décimal divisions of the same.
This mode of divifling the degree has ail the advantages of
(and is much less liable to confusion and error than) the
mode, adoptée! by the Freneli, of di'Gd'iig the epuadrant
into 100 parts: and | liope that sonie public-spirited indi-
vidual will ere long be bold enough to print tables founded
on this arrangement. The 'décimal division of the degree
is very convpiiignt in ail tables (parti(Marly those formed
for the purposes of astronomy) where proportional parts are
required : and it has many advantages over the ordinary
sexagésimal division. Butthe French mode of dividing the
quadraht rnto 100 parts, calling each of those parts a de-
gree, and adopting tlie same characte9 that is uijed in tli¢
sexagésimal notation, to -express that degree (although its
value is only T9ths of that quantity) leads to endless con-
fusion, and ou@ht to be discountenaiiced and discontinued.

2E2
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Table X X X IX serves to convert any given tlay into
the décimal part of ayear consisting of 365 days. In leap
years we must add unUy to the given date, if subséquent
to February, in order to obtain the correspondiug tabular
date : and in such case, if great accuracy be required, the
value thus found should be multiplied by ‘997.

Table XL. The new division of the eircle into 400
degrees, by the French, and the numerous and valuable
tables that have been computed agreeably to that arrange-
ment, render a table of this kind absolutely necessary for
converting the centésimal division of the quadrant into the
sexagésimal : and vice versa. It is formed on the com-
parison stated in Table X L I1: wliere it will be seen that
each degree of the French division is equal to 54' only of
the sexagésimal division; and each minute of the French
division equal to 32, &< only of the sexagésimal. When the
French first mtroduced the centésimal division of the
quadrant, the new degrees were denominated grades, and
were denoted by the small letter g placed above the num-
ber. Thus, 164 degrees were written Kits. This metliod,
so long as degrees only were concernée!, and wliilst the
subdivisions of the degree were expressed decimally, could
not lead to any confusion : but tins mode of denoting the
new quantities bas been gradually discontinued, and at the
présent day most of the French mathematicians use the
sexagésimal notation, not only for the new degreEs, but
likewise for the new minutes and seconds : thus introduGing
considérable confusion in the value of the quantities alluded
to. In order to remedy this, "il some measure, | have de-
noted the new degree by a small square character placed
over it, instead of a round one. Perhaps a better plan
would be to adopt the small Greek letters $ /4 a, to dénoté
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the degrees, munites and seconds of the new division : thus
24 degrees 15 minutes and 37 seconds of the centésimal
division of the quadrant would be written thus, 245 15». 37°.
But much the best plan would be to discontinue the system
altogietlier.

Table X L1 serves to compare Fahrenheit's thermomcter
with Reamnur’s and the Centésimal; and vice vcrsa. It is
founded on the comparisons given in Table X LII : by
means of which équations the présent table may be ex-
tended to any number of degrees required. Its use and

application will be évident on inspection

Table X LIl contains varions comparisons (of fréquent
use in practice) relative to French and English measures,
&c. In the Base du Systéeme Métrique, Vol. 3, page 470,
the French metre, which is made of platina, is stated to be
equal to 39'3827 English inehes: and it has been assumed
as such by Professor Schumacher, in his Sammlung van
HiUfstgfeln, page 16. But this comparison was made when
the two measures were both at the freezing Goint of the
tliermometer. This degree of température is the standard
for the French scale : but the standard température for the
English scale, which is made of brass, is 62° of Fahren-
heit. Consequently the value given by Professor Schuma-
cher ought to be corrected for the relative expansion of the
metals, which will reduce it to 39‘37079 inehes, as given
by Captain Kater in the Phil. Trans. for 1818, page 109;
each scale being brouglit to its standard température.

By Act 5 Geo. IV, c. 74, Bird’'s scale of 1760* is de-

* There is another scale made by Bird in 1758, called also Bird’s

Parliamentary standard, which differs -p00016 of an inch from Sir
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clared to be the leggul standard : and this scale differs so
little (only + -00002 of an inch) from Sir George Shuck-
burgh’'s scale, that tliey may be considered as identical.
And as most of the comparisons luive been made widi Sir
G. Shuckburgh’s scale, its measure is therefore liere re-
tained.

The old légal standard of France was the Toise de
Pérou, so called from its being nsed by the French Acade-
micians in that country It is formed of iron, and was
made by M. Langlois in 1735, tarider the direction of M.
Godin. By a comparison of this toise with a copy of
Sir G. Shuckburgh’'s scale at the température of 56°,3
Fahr. it was found to be equal to 76'739-i English inches.
See jBg.se du Sj/st. Met. Vol. 3, page 479. By a Report
in the sanie work, page 483, made by the French Coin-
missioners, it appears that the tol&e of Peru, at 61°,3 Fahr.
is equal to 1'949036 métrés. It is upon these authorities
that | formed the comparison of the measures in the table.

In the comparison of the centésimal degrees of the qua-
drant, | have introduced a new method of denoting those
degrees. It consists in annexing a small square gharacter,
in order to distinguish them from the ordmary sexagésimal
degrees, with which tlréy are lygquently confounded. See
the remarks | liave already made on |Il.is subject in
page 212.

The lengtji of the pendulum is taken from£apt. Kater’s
last détermination in the Phil. Trans. for 1819, page 415.

The velocity of sound is deduced from a comparison of
the experiments which have been recently made by several

George. Shutvkburgh's scale: and this muit not be cjoiifounded with
the sonie of 1760. Ail these scales are made of brass.
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distinguished plnlosophers: the mean of which is very
near the value liere assumed.

Table X LIl contains the logarithms of varions quan-
tifies which occasionally occur in astronomical computa-
tions; and will prevent the necessity of referring to other
works, when they are required for lise. The last two loga-
rithms sliould more properly have had the characteristic 9
affixed, instead of 1 and 3 respectively : as it is in général
required to convert the divisions into mtegers of a similar
dénomination.

Table X L1V contains a comparison of the French and
English baromet Tfcal measures: and ffiili be found very
convenient for reducing either French or English mea-
sures, to the contrary dénomination. It is deduced from
the assumption that the French metre, at the freezing
point, is equal to 39 37079 English inches, at the tempéra-
ture of 62° Fahrenheit: as already alluded to in page 213.

Table XLV will be usefui in comparlng the height of
the gnicksilver in barometers, where the tubes are of dif-
férent diameters : and aifords a correction which ought not
to be rejected in any nice calculations.






P11OBLEMS.

ProbéiEm T. To couvert sidereal time into mean

solar time : and vice versa.

This problem is of fréquent occurrence in practical
astronomy, and is solved by the help of Tables IIl— VIl in
the présent collection, which have been expressly formée!
for that purpose. Their application is as follows : let us

make

M = the mean solar time at the place of observation
S

the corresponding sidereal time

At = the mean right ascension of the meridian (or the
mean longitude of the sun, converted into time)
at the prece¢clmg mean noon, at the place of ob-
servation

a — the accélération of the fixed stars (as shown by
Table V1) for the interval of time denoted by
(s -3)

A = the acceleranon (as shown by Table V II) for the

time denoted by M

then we shall have
M = (S —At) —a
S = At+ M + A

The mean right ascension of the meridian, at mean noon on

any day in any year, as reckoned from the mean equinox,

is found by Tables Il and 111: to which must be applied

the équations deduced from Tables IV and V, in order to
2 F
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give the riglit ascension reckoned from the apparent

eqgainox *.

Example. An éclipsé of the first satellite of Jupiter was
observed at Greenwich on Jan. 17, 1825 at 2h 19m 49%0
sidereal time by the clock. The clock however was too
fast 59% 14 : consequently the correct sidereal time was

2h 18m. 49%86. Required the corresponding mean solar

time?

h m fl
Table II- Jan. 17 . . . . = 19 43 4,885 2
Table 111 1825 ....ociieiie. = 3 20,654 749
Table 1v  Lunar nutation . . = + 1,056 T747f
Table Vv Solar nutation . . = + 0,062

Mean iRatpreceding mean noon%
. . 19 46 26,657
reckoned from app. equinox j

S = 2 18 49,860
(S - A&) = 6 32 23,203
Table V I ..o, - a-= =1 4,282

6 31 18,921

Mean solar time required

If the observed time had been meansolar time

6h 31m 18%921 and it were required to findthe corre-

* Ail the ephemerides give the true /Itof the sun for apparent noon:
but we may easily deduce therefrom the /R for mean noon, if required,
in the following manner. The équation of time being expressed in
mean solar time, we must first couvert it into sidereal time by Table
VIl : then change the sign and apply it to the jR of the sun for ap-
parent noon. The resuit is the true Atof the sun for mean noon : pro-
vided the ephemeris lias been correctly computed.

f The place of the moon’s node on Jan. 1, 1825 is, by Table III,
equal to 749, from which must be deducted the motion of the node
from that day to Jan. 17, which, by Table Il, is equal to 2: the dif-

férence (=747) is the argument for entering Table IV.
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sponding sidereal time, the opération would have stoud

thus : h m s
M = 6 31 18,921
as above fourni . . A. = 19 46 26,657
Table VII . . . A = 1 4,282
Sidereal time required = 2 18 49,860

When the place of observation is situated on a différent
meridian from that of Greenwich, the value ofvit as found
by these tables must be increased or diminished agreeably
to the rule given in page 196.

The mean solar time being ascertained, we may readily
determme the corresponding apparent time, by applying
the équation of as shown by an ephemeris, for the
moment of observation *. Thus the équation of time on
Jan. 17, 1825 at 6h. 81”. 18s,92 as given in the Nautical
Almanac, was 10”. 34s,57; which (being directed to be
added to apparent time) must be subtractcd from mean
time : consequently the corresponding apparent time was

6'1 20". 445,35.

There is another very convenient, and equally correct
mode of converting sidereal time into mean solar time,

by the help of an ephemeris computeo for the given place

which is as follows :
M = (S - MX)- a+ e
where aildénotés the apparent right ascension of the sun

* The équation of time is equal to the différence between the sun’'s
mean longitude, converted into time, and the sun’'s true right ascension.
It may be useful to remark that Table VIIl in M. Delambre’s Tables of
the Sun (which is the saine as Mr. VinceV X X IX) is inaecurate, and in
some cases produces an ervor of 1”,6. Another and a more correct table
§9 given in the Con des tems for 1810, page 492.

2 F2
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at the preceding appui enl noon, and e the équation of time
at the same moment: both of which are given in the
ephemeris. Take the example above given.

h m a

S = 2 18 49,86

By Nautical Almanac A&! = 19 56 57,70
6 21 52,16

Table V1 R —a — -1 2,58
6 20 49,58

By Nautical Almanac . e — 10 29,30
6 31 18,88

-0/This resuit ought to be exactly the same as the pre-
ceding : and the slight différence, which occurs, arises
from the circumstanee that the co-eriicients of the two nu-
tations, in Tables IV and V, are not precisely the same as
tliose which are used in the computations of the Nautical

Almanac

Problem |IlI. To détermine the refraction of a
heavenly body.

The tables of refraction are very mimerons, and many
celebrated mathematicians have devoted their time and
abilities to the investigation of this intricate subject. The
labours of Bradley, Bessel, Littrow, LaPlace, Carlini,
Groombridge, Atkinson, Gauss, Young, lvory and Brink-
ley, are too well known to require any comment. But, as
it was necessary to make a sélection, | have chosen the
tables of the two latter authors : those of Dr. Young are

given annually in the Nautical Almanac.

Example 1. The zénith distance of a Aquilce was ob-
served 71°. 26'. O1 the barometer standing at 29’76 inches

and the thermomeler at 43° Fahr Required the refraction ?
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By Mr. Ivory’s tables

logarithms
Table IX Mean réfraction , . — 2*23609
Table X Barometer 29*76 = 9*99651
Table X Thermometer 43° . .. — 0*00668
Réfraction = 2'53',49 = 2%*23928
By Dr. Brinkley’s tables

Table X Il Thermometer 4-3° .. . = 0*2965
Barometer 29*76 = 14736
Tangent 71°. 26' . . . . = 0*4738
Approximate Refraction = 2'a5",35 — 2%*2439

rable X 111 . . . —¢Cc— — 2,03

True refraction = 2 53 ,32

If we dénoté the apparent zemrh distance by Za and the
true zénith distance by Zc we shall have
Z''= Za+ r
where r is the computed refraction. Or, if we prefer ex-
pressing these values by means of altitudes, we shall have
Al= Aa—r.

Examplc 2. The apparent zeniih distance of a Lyrce
was observed 87°.42'. 10": the barometer standingat
29*50 inches, and the thermometer at 35° Fahr.Re-

quired the refraction ?

By Mr. Ivory’'s tables

logarithms
Table IX Mean refraction . . . . = 3*00856
Table X Barometer 29*5 = 9%*99270
Table X Thermometer 35° . . = 0*01444

Approximate mean refraction = 17' 16",80 = 3*01570
Table X1 - *606 x - 15 = + 9,09
Table X | + 104 x — *5 = - 0,52

True refraction = 17 25 ,37
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Problem Ill. To détermine the time from single
altitudes* of the sun, or a star: its déclination,

and also the latitude of the place being given.

The observed altitude or zénith distance of the sun or
star must first lie corrected for refraction, as in the last
Problemf Then, by means of Formula XV, in page 89,
we obtain the logarithm of sin®f P : and by the help of
Table XV, we deduce from that logarithm the value of P,
or the hour angle from the meridian.

In the case of the sun, this hour angle will be the ap-
parent time J from apparent noon at the place of observa-
tion : to which the équation of time must be appiied, in
order to deduce the mean solar time. But, in the case of a
star, it will dénoté the distance, in time, of the star from
the meridian; and which, being added to the right ascen-

sion of the star, if the observation be made to the westward

* Single altitudes, or absolute altitudes, is a term given to observa-
tions of the altitude of the sun or a star, when made on the same side
of the meridian : in opposition to equal altitudes, which are made on
both sides of the meridian. iiSee the next problem. It is not meant to
imply thereby that only one altitude is taken ; because in général there
are several: and the usual method is to note down the time of each
observation, and the altitude observed ; and then to take the mean of
the times and the mean of the altitudes as one observation.

f If the smgbe the body observed, it must be corrected also for
Parallax by Table X1V. And, since it is the border only of the sun
that can be pbserved at one observation, we must reduce this to the
centre, by applying its semidiameter, which may be found in any ephe-
meris : or by observing alternately the upper and lewer border, and
taking the mean of each pair of observations. We must also compute
the déclination for the apparent time of observation, at the given place.

J When the observation is made in the forenoon, this apparent time

must be subtraoted from 24'lin order to show the apparent tune of the

day.
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of the meridian, or subtracted therefrom (irtcreased by 21h
if necessary) if the observation be inade to the eastward,

will give the sidereal time of observation.

Example 1. On October 18, 1818 at 3h 6m 30S,7 p.m.
mean solar time as shown by a clock, the zénith distance
ofthe upper border of the sun (corrected for refraction and
parallax) was found to be 75°. 0'. s",9 : the place of obser-
vation being situated in N. Lat. 52°. 13'. 26" and W . Long.
4'"i. 49s from Greenwich. What was the correct time of
observation ?

| f we add the semidiameter of the sun on the given day
(= 16'. 6") to the zénith distance (corrected as above) of
the observed border, we shall have tlie true zénith distance
of the sun’'s centre equal to 75°. 16'. 15". W e must next
compute the sun’s déclination for the approximate apparent
time of observation at the place. Let us suppose that the
Nautical Almanac is made use of for these computations.
The équation of time at apparent noon (or at 111 45m 18s,9
mean solar time) at Greenwich, was — 14m 41s,1: which
being added, with its sign changed#, to the mean solar time
of observation, will give 3'1 21 gjfor the approximate appa-
rent time, at the place. But, as the computations are made
from the Nautical Almanac, we must add the longitude
from Greenwich; and compute the sun’s déclination for
3h. 26m Greenvoich apparent time, with a daily variation of
21'. 51". Consequently the sun’s déclination at the time
of observation was — 9°. 33'. 30". With these elements
the computation will stand thus:

* The équation of time is an équation which in an ephemeris is di-
reeted to be added to, or subtracted from, apparent time, in order to
deduce the mean solar time : comféquently we must reverse the sign
when we wish to apply the équation to mean so/ar time, in order to de-
duce apparent time.
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o B ti logarithm*
L = + 52 13 26 cos = + 9-7871611
D =* — 9 33 30 cos = + 9-993928F
(L - D)= + 61 46 56 + 9-7810896
Z = + 75 16 15
z- (L- D)= + 13 22 19 sinf£ = + 9-0698112
z+ (L—-D)= +137 3 11 sinl = + 9-9687570
+ 9-0385682
as above = + 9-7810896
sin3iP = 4 9-2574786
h
By Table XV . sin2"P = 3 21 22,7
équation of time f .. = —14 427
correct mean solar time . = 3 6 40,04 \
; . >at the place.
observed mean solar timeq = 3 6 30,7,J
Consequently tlie clock was . . 9,3 too slow.

Examine 2. On March 23, 1822, in N Lat. 51°. 33'. 34"
| observed, to the westward of the meridian, the zénith di-
stance of Aldebaran (after correcting for refraction) to be
68°. 2'. 21" at 9h 24m 44s,0 by a sidereal dock. Wliat
was the error of the clock at that moment ?

On that day the apparent .11 of the star was 4h 25". 43s,8
and its apparent Déclination was + 16°. 8. 44"; as shown
by the Nantirai Almanac. Consequently the opération will
stand thus:

* The déclination of the sun being south, it is considered as a néga-
tive quantity in the computations.

4 By Nautical Almanac at 3h. 26m. 17,7 from Greemoich: or at
3h. 21m. 2257 + 4™, 49*,

4 |f a sidereal clock had been used in this observation, we must bave
reduced the sidereal time to mean solar time, in order to- show the
error of the clock.
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o i u logarithms

L = + 51 33 34 cos = + 9-7935825

D = + 16 8 44 cos = + 9-9825238

(L — D) = + 3 24 50 + 9-7761063

Z = + 68 221

N
1
=
1
S
1]
+

32 37 31 )
+103 27 11 lia a

1
+

9-8949038

N
+
=
|
O
1l

+ 9-3434186
+ 9-7761063

sm3iP = + 9-5673123

h m s

By Table XV . sin9E€P = 4 59 21,7

M. = 4 25 43,8
correct sidereal unie . . = 9 25 55
obseroed sidereal time* . = 9 24 44,0
error of the clock . . . . — 21,5

It is scarcely necessary to remark that the mostfavourable
opportunity, for determining the time Ifom altitudes of the
sun or a star, is when those bodies pass the prime vertical :
since their mo.tion in altitude ia then the most rapid, and a
slight error in the assumed latitude will not materially
alfect the resuitf

In fact, in a fixed observatory, (or wliere the observer

may be stationed at the same place for several successive

* If a clock, sho'ving mean solar time, had been used in this obser-
vation we must have reduced the mean solar time to sidereal time, in
order to show the error of the clock.

4 In the latitude of Greenwich, a star varies 9",S in altitude in one
second of time, when on the prime vertical." The général expression
for such variation is 15 cos Lat.

2 G
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nights) if we observe the same stars we may very ifluefe
abridge the computations by making the observations on
the prime vertical, ,-ince one calculation made for each star
will be sufficiently accurate for a long periode as | have
shown more at length in the Memoirs of the Astronomical
Society, Vol. 1, page 315.

Paoblem IV. To détermine the time of noon or
midnight, from equal altitudes of the suit*: the
interval of time between the observations, the lati-
tude of the place, the déclination of the sun and
its daily variation being given.

This problem is solved by means of the formula in
page 92 : wliere the value of the correction x is to be ap-
plied to the mean of the times at which the equal altitudes
have been observed. The logarithms of A (which is always
minus) and of B vill be found in Table XV I, opposite the
given interval. Then find by the Nautical Almanac, or any
other ephemeris, the sun’'s déclination at the time of noon
on the given day and at the given place : which however
need not be taken iout to any great accuracy. Find also
the double daily variation of the déclination expressed in
seconds; that is, the différence (in seconds) between the dé-
clination at the time of noon on the preceding day, and the

décimation at the time of noon on the following dayf.

* |f we observe equal altitudes of a star, it is évident that half the
mterval of time elapsed will give immediately the time of the star
passing the meridian, without any correction.

{- The logarithms of these values, for every day in the year, are now
given annually by M. Schumacher in his Astron. Hiilfstafeln. They
v/ould form a valuable addition to our own national ephemeris; sincc

they would be very Iseful iu navigation, as well as in the observatorj
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This quantity is denoted by B; and it must be considered
négative, when the sun is proceeding towards the south
pole *.

Example. On July 25, 1823, in N. Lat. 54°. 20' at
8h. 59". 4Sa.m . and at 3h Om. 403, .m . the sun had equal
altitudes. Required the équation, or correction to be ap-
plied to the mean of those times 1a order to find the time
ofnoon ?

The interval of time being 6h Im 36% we have by
Table XV 1 log. A = 7-7707 and log. B = 7-6187. And
by the Nautical Almanac the décimation of the sun, at

noon on that day, was + 19° 48' 29", and its double

daily variation equal to — 25' 29" = — 1529". The
opération therefore will stand thus:

logarithms logarithms

- A= - 7-7707 B = + 76187

8= - 1529" = — 3-1844 8= — 1529" = — 3-1844

tan 54°. 20' = + 0-1441 tan 19°. 48' = + 9-5300

+ 12%57 = + 1-0992 — 2%15 = - 0*3331

Correction = + 12%57 — 2%15 = + 10%43

This value, being added to the mean of the times of the
observed altitudes, or \ (20h. 59™. 4S+ 27h OWlJ 4<0) =
231 59*. 52% will give O1. 0m 2%43 for the time at appa-
rent noon.

This however dénotés apparent time : and we must adci
thereto the équation of time, which on that day was up-
wards of 6 minutes. |If the observations were made on
the meridian of Greenwich the chronometer ought to show
Ol 6™. 7%2; and consequently would dénoté that it was

too slow by 6m 4%77.

* That is, from the time of the summer solstice, to the time of the
winter solstice; or from June 21 to Dec. 21. Sec the Errata.

2 G2
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Problem V. On the réduction to the Merid.an.

In order to détermine tlie méridional altitude of a liea-
venly body, it is usual, in large observatories furnished with
a murai eircie or quadrant, or a transit circle, to observe
such body at the précisé moment of its passing the me-
ridian. But, wliere the observer is furnished with an alti-
tude and azimuth instrument, or a repeating circle, this is
not absolutely necessary ; since, by means of Tables X V 111
and X IX, we may rer.der any number of observations
made on each side of the meridian, and at a sho't distance
therefrom, equal in accuracy to those wlfch are made im-
mediately at the moment of culmination. For this purpose,
ii is necessary to know the distance (in time) of the sun or
star from the meridian at the moment of each observation :
and, opposite to such given distance in time in Table X V II1,
is stated the value which ought to be applied to the zénith

distance observed. The sum of these values, divided by
their number, and multiplied by -°S will give the

correction which ought to be applied to the mean of the
zénith distances observed (corrected for refraction) in order
to détermine the true méridional zénith distance of the sun
or star. Should greater accuracy however be required, we
must take the second partof the réduction from Table X IX,
the sum of which (divided also by the number of observa-

tions) must be multioliecl by X cotZ. But

this second correction is seldom necessary.

The expression for the zénith distance of a star, in terms
of its déclination and of the latitude of the place, will vary
according as the observations are made to the south of the

zénith, or tu the north of the zénith ; and, in this latter
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case, according as the observations are made above or

below the pdle*. These several values will be as follow:

Z =L —D . . . ifthe obs. be made to the soulh
Z =D —1L . . . iftothe north, above the pdéle
Z = 180° — (L + D) if to the north, below the pdle.

It should be observed here that, when die sun is the ob-
ject observed, tliere is a fnrther correction to be applied,
which is shown in the formula in page 93 : where E and
W are expressed in minutes of time, considered as in-
tegers.

Examjtle. On May 13, 1819 a set of 14 observations of
Polaris, near the time of its lawer culmination, was made
with a repeating circle, at Shanklin in the Isle of Wight, on
each side of the meridian ; the mean of which gave the ob-
served zénith distance, corrected for refract'on, equal to
41°. 1'. 54",1. The ladtude of the place is assumed equal
to 50°. 37. 23"; and the apparent déclination of Polaris is
found by the Nautical Almanac to be 88°. 20'. 28",87. The
observations were made with a ebronometer showing mean
solar time, having a losing rate equal to 1",8. Polaris passed
the meridian at 9h. 37m 32s by the chronometer; and the
respective observations were made at the several periods
indicated in the second column of the following table.
W hat was the correction to be applied co the mean of the
zénith distances above mentioned, in order to reduce them
to the menuian ?

By taking the différence between the several times of
observation and 9\ 37". 32s we obtain the values in the

* M. Delambre has, in his Astronomie, considered only tlie case where
tlie observations are made to the south of the zénith: and it was by
following liim too closely that | was led into the error of cmploying
(L —D), instead of Z, in the Formula in page 93. Sce the listof Errata
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third column of the following table. Entering Table X V 111
with these values, as arguments, we obtain the values set
down in the last column : the sum of which being divided

by 14 will give 490",9.

No Time o_f Time_ f.rom By
Observation Meridian. Table X VIII
h m 8 m s h
1 9 13 15 24 17 1156,8
2 9 16 40 20 52 854,3
3 9 21 21 16 11 514,0
4 9 33 55 3 37 25,7
5 9 36 44 0 48 1,3
6 9 39 55 2 23 11,2
7 9 42 27 4 55 47,5
8 9 45 40 8 8 129,9
9 9 48 56 11 24 255,1
10 9 51 53 14 21 404,2
11 9 54 40 17 8 576,1
12 9 56 48 19 16 728,4
13 9 59 40 22 8 961,1
14 10 2 20 24 48 1206,4
14)6872,0
490,9

The subséquent opération then will stand thus :

L = 50 37 23 cos = + 9-8023765

D = 88 20 29 cos = + 8-4615613

138 57 52 + 8-2639378

180° — (L + D) = 41 2 8 sin = + 95172528
constant log. = + 8-4466850

490,9 = + 2-6909930

on account of mean solar time = + 0-0023715

on account ofrate of clock = + 0-0000181

13",806 E x = + 1-1400676
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As the star was below the pdle, at the time of observation,
tins correction must be added to the observed zénith di-
stance , whence the true méridional zénith distance will be
41°. 1'. 54,1 + 13".81 = 41° 2'. 7",91; and the latitude
= 180° — (Z + r») = 50° 37'. 23",22.

In observations with the repeating circle, for determining
the latitude, it is necessary to attend to the vcrlicality of the
circle; since an inclination of the circle will cause a corre-
sponding error in the results. But if the amount of the
inclination i be known, we may asceriam the error e in the
resuit, by means of the following équation :

e = \sin 1".Z-.cot Z.

W e must also attend to the position of the levcl, and
either bring it, by the proper screw, to its zéro point, or
take an account of the place of the bubble in the two
opposite positions of the circle, and allow for the différ-
ence, according to the value of the divisions of the scale:
prefixing die sign + or — according as either end of the
bubble is nearer to or farther from the observer than the
true zéro point.

There are also some other circumstances to be attended
to, in the management of this instrument, which are pointed

out in the works expressly written on that subject.

Problem VI. To détermine the latitude of a place.

The best mode of determining the latitude of a place, so
as to be independent of the déclination of the star observed,
and also as free as possible from the errors of refraction, is
by observations of a circumpolar star at the time of its
upper and lower culmination. These observations may be
made by means of a mural circle or quadrant, or a transit

circle, at the précisé moment of the passage of the star
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across the meridian, or they may be made by an altitude
and azimuth circle, or a repeating circle, either in the same
manner, or in the mode ailuded to in the last problem. In
either case, therefore, let Z dénoté the observed or deduced
méridional zénith distance of the circumpolar star at its
lower culmination, and g its refraction at that point: also
let Z' dénoté the observed or deduced méridional zénith
distance of the same star at its upper culmination, and ¢
iti réfraction at that point. Then will the correct zénith
distance of the péle, or the co-ladtude (\V) of the place, be
= 2( +2)+ "e+ 7]

It is évident that the accurate détermine tion of will
dépend on the tables of refraction that are used in the
computation : and there is no mode of rendering the pro-
blem free from this ambiguity.

If we take the case of the pé6le star as observed at
Greenwich, its zénith distance at the npper culmination
may be 36°. 55' only, whereas at its lower culmination it
may be 40°. 7': and half the sum of the refractions at these
points will differ according to the tables of réfraction em-
ployed. i This half sum (the barometer being at 30 inclies,
and Fahrenheit's tliermometer at 50°) will be by

Bradley's Tables = 4-6",02

Bessel's Tables = 46 ,58
Ivory's Tables = 46 ,53
French Tables = 46 ,52

Consequently a différence of half a second, at least, will
take place, at that température and pressure, accoiding as

Bradley's or the other tables are made use of.

The next usual mode of determining the latitude of a
place, is by means of méridional zénith distances of the

sun, or a star (whether circumpolar or otherwise) whose
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déclination is well known. The expression for the latitude
will, in sucli cases, vary according as the observations are
made to the south of the zénith, or to the north of the
zénith ; and in this latter case, according as the observa-
tions are made above or below the p6le. Let L dénoté the
latitude required, D the déclination of the sun*, or the
apparent déclination of the star, and Z the observed mé-
ridional distance of the same (corrected for refraction in
the case of a star, and for refraction minus parallax in the

case of the sun*), then we shall have

= Z+ D. . . if the obs. be made to the south
= D —2Z. . . if to the north above the pdle
= 180° — (z +D)if to the north belovo the péle.

There is anothermode of determining the latitude of a
place, by means of observations of the altitude of the pdle
star at amj time of the day; a method which is capable of
great accuracy, and may frequently prove very convenient
and useful. | have already treated this subject, more at
lengtli, in two papers inseited in the Philosophical Maga-
zine for June and July 1822 : and shall here merely refer
to the formula, which is gi en in page 110 of the présent
work, for the mode of explaining the subject by the follow-
ing example.

Example. At 4hafter the passage of the pdle star, at its
upper culmination, its altitude (corrected for refraction)
was observed to be 50°. 47'. 43",6, and its apparent north
polar distance was 1°. 38'. What was the latitude of the

place ?

* Where the sun is observed and where great accuracy is required,
its déclination should be corrected on account of its latitude.
2 H
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The oPération will stand thus :

A = 1° 38" 0"
P = 60 0 0
a— 0 49 0,6
a = as above
A = as above
A = 50 47 43,6
(p + a) = 50 49 0,7
a = 0 49 0,6
Latitude = 50 0 0,1

For aJixed observatory, these computations Eight be
somewhat abridged, and rendered less liable to error] by
determining the logarithms of the values of
and of — (4 cotp+ tanp)sinl

tan

logarithms.
= + 8-4550699

coV= + 9-6989700

tan

cos

cos

sin

sin

which i:i the above case

= + 8-1540399
= + 9-9999559
= + 9-9998235

0-0001324
= + 9-8892424

= 9 8893748

would be 4-4607741 and — 4-8533647 respectirely*.

subséquent process then, agreeably to the formula given

in page 110, will be as follows:

— A

cos P

- 49'. 0",0 = a
A

sin P

A .sin P

A-.sirr P

fflirw tan p

+ 1" 14"9 = $
a

y
+ 16 = etBy

* The latitude uf the plaee is always known sufficiently near for tlie

détermination of these logarithms.

3-7693773
9-6989700
3-4683473
3-7693778
9 9375306
3-7069079
7-4138158
4-4607741
1-8745899
3-4683473
4-8533647
0-1963019

sin I".tan p)
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Consequently the latitude of the place wdl be

o I
50 47 43,6
1 14,9
16

50 49 01
— 49 0,0

50 0 0,1

There is still another mode of determining the latitude
of a place, which is independent of the divisions of the in-
strument, and dépends only on the apparent déclination
(D) of the star observed, and on the interval of sidereal
time which has elapsed between the observations. Tins
method (which | have also explained more at length in the
PJiilosophicul Magazine for May 1825) consists in placing
the axis of the telescope of an altitude and azimuth instru-
ment due north and south, so that the vertical circle should
stand east and west, and thus twice eut the parallels of ail
the stars between the equator and the zénith. The obser-
vation of the two times T and T' (at which the star passes
the wire of the telescope in its diurnal révolution) will give

the latitude (L) of the place from the following formula,
cotL = cotD.cos™ (T — T

lu this formula, (T — T;) dénotés the correct interval of
sidereal time elapsed between the observations of each star,
expressed in degrees &c. So that if mean solar time be
employed, we must multiply the interval by T0027379;
or, which is the same thing, add the values found in
Table V II, against the given interval.

It is évident that this method (like ail the others, except
that by means of circumpolar stars) dépends on the accu-
racy of the apparent déclination of the star observed: a

2H2
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small error iil this point, however, will not materially affect
the results. But, if this mode be adopted in geodetical
opérations, it is évident that we may obtain the différence in
the latitude of two places very exactly and almost indepen-
dent of the déclination of the star. It is this circumstance
that renders the method valuable in such investigations.
This method is indeed recommendable on account of its
independence of any error in the instrument. |f the colli-
mation should not be sufficiently corrected, the cylinders of
the axis should be unequal in their diameter, the telescope
or the axis should bend &c &c, we shall still obtain a cor-
rect resuit, either by reversing the axis between the two
opérations, or by observing one day in one position and
the next day in the other position of the axis, and taking
the mean of the two. The success solely dépends on the
quality of the telescope, and the care employed in Icvelling
the axis. It is scarcely necessary to add that observations
of this kind should be made on stars that culminate near

the zénith of the place.

Problem VII. To détermine tlie longitude of a

place.

The method of determining the différence of longitude
between two given points on the surface of the earth, which
is one of the most difficult problems in practical astronomy,
bas long engaged the attention of tarions astronomers and
mathematicians ; and has been executed with more or less
accuracy aecording to the means employed for that pur-
pose. |f the distance between the two observatories be not
very great, their différence of meridian may be determined
with considérable accuracy, by means of chronometers con-

veyed from one observatorj- to the other; or by means of
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sjgnals previously agreed on. These raethods have been
practised very successfully on many recent occasions. But,
where this is impracticable, we must have recourse to the
observation of certain celestial pheenomena for the solution
of the problem : and for this purpose, five several and di-
stinct methods have been proposed : 10 the éclipsés of Ju-
piter’'s satellites : 2° éclipsés of the moon: 3° éclipsés of
the sun: 4° occultations of the fixed stars: 5° the mé-
ridional transits of the moon, compared with certain stars
previously agreed on.

The results deduced from the observations of the éclipsés
of Jupiter’s satellites are, for obvions reasons, very unsatis-
factory. The phanomena will, in fact, appear to take
place at différent moments of time, with différent instru-
ments and to différent observers. Moreover, tliey are
visible only in certain positions of the planet in its orbit;
a circumstance which very much circumscribes the utility
of the method.

The éclipsés of the moon afford a still more unsatisfac-
tory resuit : they occur but seldom in the course of a year,
and the phanomena attending thern cannot (on account of
the indistinctness of the border of the earth’s shadow) be
observed with that degree of accuracy which the présent
State of astronomy requires for such purposes.

Eclipses of the sun are more certain in their déductions :
but, they so rarely occur, and are at the same time so
mimited in extent, that they can seldom be brought in aid
of the général solution of the problem. From September
1820 to November 1826, there is only one solar éclipsé
that will be visible in this country.

There remain therefore only the two other methods, on
which the practical astronomer can safely and constantly

dépend. Of these, | anr awarc that occultations of the
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fixed stars by the moon have been long considered as
afiording the best means of determining the différence of
longitude between two places and, assuredly, the results
deduced from such observation?, made under favourable
circumstances, liave agreed with eacli other to a greater de-
gree of accuracy, than those deduced by any of the pre-
ceding methods.

There are, however, many circumstances, attendmg the
practical solution of the problem by this method, which
tend to diminish the confidence which is reposed in the cor-
rectness of the theory. In the first place, it is necessary to
know the apparent right ascension and déclination of the
star very exactly, on the day of observation ; which, if the
star is of inferior magnhude (and such being the most nu-
merous, are the most likely to be occulted), may not be
readily determined: for, we may not be able to fiiul it in
any catalogue ; and, when found, we have to compute its
precession, aberration, and nutation expressly for this pur-
pose. In tlie second place, we have to calculate tlie paral-
lax of the moon for the given moment of observation : and
in this computation we must assume a given quantity for
the compression of the earth; respecting which, astrono-
mers are by no means agreed, and which will consequently
give rise to varions results, according to the view which
Bach astronomer may take of the subject. Thirdly, this
method is dépendent on the accuracy of the lunar tables,
not only as to the position of the moon and lier liorary
motion, but also as to lier horizontal paraliax and semi-
diameter. Fourthly, the method is, in a great measure,
dépendent on a correct knowledge of the longitude and
latitude of the place- of observat-on. And lastly, the ap-
parent border of the moon is so uneven (consisting of pro-

jecting moimtains and hollow valloys) that we canuot always
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dépend on the immersion or emersion having taken place
at the exact distance from die moon’s centre, as computed
from the lunar tables.

The me, idional transits of the moon, agreeably to the
method about to be described, are free from ail these ob-
jectons : the observations are made with the greatest fa-
ciiity; the opportunities are of fréquent occurrence; the
absolute time is ofno mater:al conséquence; the computa-
tions are by no means intricate or troublesome; and the
results are (I believe) more to be relied on than by any of
the preceding methods.

This method consists in merely observing, with a transit
instrument, the différences of right ascension between the
border of the moon, and certain lixed stars previously
agreed on*; which stars are so selected that tliey sliall
differ very little from the moon in déclination. It is évi-
dent that this method is quite independent of the errors of
the lunar tables, except as far as the horary motion of the
moon (pu right ascension) is concerned, and which, in the
présent case, may be depended on with sufficient confi-
dence , that it does not mvolve any questiél as to the
compression of the earth : that a knowledge of the correct
position of the star is not at ail required: and finally, that
an error in the State of the clock, is of no conséquence.
Consequently, a vast mass of troublesome and unsatisfac-
tory computation is avoided. Moreover, it is the only
method that is tmiversal, or, that may be adopted, at one
and the same time, by persons in every habitable part of
the globe for, it is applicable to situations distant 180° in
longitude from each other; and even bejjond that if required.

* Lists of such stars, called moon culminating stars, are now annually
publisheil.
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It might indeed, at first sight, appear that the same re-
sults would be obtained, if we merely observed the correct
time of the moon’s transit, without any reference to the
contiguous stars : but, a moment’s reflection will convince
us that, by reierrmg the moon’s border to the adjacent
stars, we obviate ail errors not only of the clock, but also
in the position of the transit instrument.

For the solution of this problem, let us make,

t = the différence (in sidereal time) of the transit of
the moon’'s limb, and of the star previously
agreed on, at tlie observatory situated most
westerly; which will be positive when the star
précédés the moon, or when the JR. of the moon
exceeds that of the star; but, on the contrary,
négative.

t — the similar différence, at the observatory situated

most easterly.

(t—r) = the true observed différence in the A, of the
moon’s limb, for the time elapsed between the
two observalions *.

c = the apparent time (as sliown at Greenwich f) of
the culmination of the moon, at the western ob-
servatory.

x = the apparent time (as shown at Greenwich) of
the culmination of the moon at the easlcrn ob-

servatory.

* If more than one star has been observed at both observatories on
any given night, t and r must be taken equal to the mean of ail the
corresponding comparisons made at each observatory respectively.

f Or as shown at Paris, Berlin, Milan or any other place for which
the ephemeris is calculated, from which the computations arc made.
And this must always be understood, when Greenwich is alluded to in
this manner.



Problems. 241

a — 1) ’s riglit ascension, in space
) g P computed for
d — D’s true déclination * .
the time c.
r = 1)’'s true radius, or semidiam.*
a = ])’'sright ascension, in space
] ] computed for
8 = 1)'s true déclination* i
. . the time x.
g = 5's true radius, or semidiam.* J
s = the length of the true solar day, expressed in

seconds of time.

m — tlie moon’s motion in Z&,, in half that interval,
expressed in seconds of space: See page 246.

X = the assumed dilference of longitudes in time :
plus when west, and minus when cast.

(x + e) — the correct différence of longitudes.

Find the apparent times, c and x, ofthe moon’sculmina-

tion, to the nearest m*nute\, in order to compute d, r and

* The true déclination and semidiameter of the moon, are such as
they are supposed to be if see?i from the centre of the earth: in oppo-
sition to the apparent déclination and semidiameter, which some per-
sons have erroneously imagined ought to be adopted.

It may be sufficient to observe here, once for ail, that (with a view
to prevent confusion) the quantities connected with the eastern obser-
vatory, are denoted by Greek letters: and that the similar quantities
connected with the western observatory, are denoted by Eoman letters.

f The apparent time of the moon’s culmination at Greenwich, to the
nearest minute, may be seen in the Nautical Almanac: and the appa-
rent time (at Greenwich) of its culmination on any other meridian may
thence be easily deduced. Or, if the sidereal time is known, we may
détermine the Greenwich apparent time very nearly, by subtracting
therefrom the sun’'s right ascension at Greenwich at the preceding
noon ; and diminishing the interval by the accélération of the fixed
stars. Or, we shall have, in ail cases sufficiently near for this purpose,
therequired interval c — x. = [x, + (t — t)] X '99727: wliere it should
be observed that [% + (t—r)] X '99727 is equal to the time %+ (t—r)
diminished h) tlie accélération of the fixed stars for that interval.

23
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S, g, for those approximate times respective”*: and tlien
nmke

r - -e [
cosd ~ 15.cosb5

winch is the true observed différence in tlie Z££. of the moon'’s
centre, for the time elapsecl between the two observations:
where the upper sign is to be taken when the first (or western)
border of the moon is observed ; and the loicer sign when
the second (or eastern) border is observed f. ThenJ by
assummg x equal to the presumed différence of longitude,
and knowing the apparent time (at Greenwicli) at one of
the observatoi‘ies to the nearest minute, we may détermine
the required apparent time (at Greenwich) at the other
observatory, by the following équation :

86400
c= X+ (x + A) ——

Compote a and a for the respective times ¢ and X j;; cor-

* It may be useful liere to remark that it is not necessary to déter-
miné with strict accuracy the absohile value of the moon’s semidiameter
at holk observatoi‘ies, in order to find the value of A : for, the values
may be estimated (in most cases by inspection) in wliolc seconds only,
for one observatbry, and the correct différences, in the given intcrval,
being added thereto, will give the proper values for the other observa-
tory. With respect to tlie déclination, it may be taken to the noarest
ten or twenty seconds only.

f These expressions are the same as those which are used in my Paper
on this subject, inserted in the 2nd volume of the Manoirs ofthe dfcjro-
nomical Society ; where this subject is treated more at length.

j; 1t may here also be useful to remark that it isjiot necessary to dé-
termine with strict accuracy tlie précisé moment of the apparent time
of the transit of the moon at both observatoi'ies, for the purpose of de-
termining a and t*: for it will be suflicient to know the apparent time

of the transit of the moon to the nearest minute only, for one observa-
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recting tlie moon’s motion, for third différences, if required.
And tlie formula foi the correction of the assumée] différ-

ence of longitude will be
e = "~15A

which, being added to y, will give (% + e) for the true
différence of meridians required.

It is évident that, if 15A — {a — a) = 0, the value ofy
lias been assumed sufficiently accurate, and does not re-
quire correction. In fact, the différence will in général be
very small : and, when this is not the case, we may justly

suspect sonie error in the steps of the process.

tory, and to find the correct dffereivce of the apparent times, by means

.. . , , ,.80400
ot the expression A’) .

In fact, nothing more is required than to compute the true increase
of the moon’s A& during this given internai: and for this purpose Dr.
Brinkley has suggested a very convenient rule, which is given in the
first number of the Dublin P/iihsophieal Joia-nal. This distinguished
astronomer has there shown that (a — a,), as far as first différences only
are concerned, may be expressed by (% + A).A". E : leaving the
équation of second différences (and of the third différences, if required)
to be applied in the usual manner.

Under this point of view, the problem admits of two cases: one
whcre both the observations are made on the same side of noon or
midnight ; and the other where they are made on différent sides. In
the former case, the expression f- A). A".-, as far as first différ-
ences arc concerned, will lead us to the correct solution, and will save
much time and labour : but, in the latter case, it must be divided into
two parts : viz.

(A3h-*).A '] and [X+ A - (12»-*)] .A".-jj

and consequently becomes more intricate. In these expressions A"
and A "1ldénote the successive first dfferehcgs ir the moon’s motion in
,7t; or the same quantitics that are alluded to in page 103.

212
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Example. On December 5, 1824, Lieut. Foster observed
the différences in the culmination of the moon and of the
two stars 62 and 95 Tauri, at Port Bowen; the station
where the Expédition (for the discovery of a North West
passage, under the command of Capt. Parry) passed the
winter of 1824-25. Similar différences were observed
also at Greenwich. These différences, in sidereal time,

were respeclively as follow :

at Gi'eenwich at Port Bowen
62 Tauri t = + 9m 45s58 t= + 24m 53%98
95 r = - 9 25,98 t= + 5 42 ,90

what was the longitude of the place ?

For the solution of this question, we must first assume
an approximate longitude. Now it appears from some oc-
cultations of fixed stars, observed by Lieut. Foster, that
the longitude might be considered as 5% 55m 39s5 west
from Greenwich : but, for the sal<e of round numbers, |
shall assume it equal to 5h 55m 40s. The opération there-
fore will be as follows.

The mean ofthe two observations gives t= + 15m 18%44
and r = + 0Om 9%80: consequently we have (t—t) =
+ 15m 8%64; which being added to 5h 55m 40% and the
sum diminished by the accélération of the fixed stars
during that interval, will give in round numbers 6h 10mas
an approximate value of the apparent time elapsed between
the two culminations.

By the Nautical Almanac it appears that the moon’s
centre passed the meridian at Greenwich at 11h 35m: con-
sequently the moon’s Jirst limb passed at Il h 34™, at
Greenwich; and at 171 44m (Greenwich time) at Port
Bowen. With these approximate values we find the dé-
clination and semidiameter of the moon, at those respective
periods, as follow:
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at 11 h 34m at 17h 44m
§ — 0° 15 42" r = 0° 15 44"39
S= 23 39 20 d =23 53 30

whence we fincl
A= + 15m8S64 + TV (fi'- 12",88-17'.S",41)= 15m8s,938

and the correct value of c, for the subséquent computa-
tions, will be

c= 11h34™+ (5h55”.40s+ 15”.8s5938).|f*"§§ = 17h 43”.41%67

The moon’s true right ascension must now be calculated for
the apparent times x= 111 34™ and c= 17h 43". 41s,67 * :
whence we have

a = 69° 53 49"21

a= 66 6 29,93

(¢« —«)= 3 47 19,28
15A = 3 47 14 ,07
15A — (a —a) — — 5,21

) ) o 5 |/ 241 4m 22s\
This remamder, being multiplied by — ( = 2~-yb2~ ff)

= P62, will give e = — 8344 : and the correct longitude
will be (x + e) = 5h 55m 31556 f.

Should the value of 15 A — (a — a) be considérable, it
will show either that there is some error in the computa-
tion, or that the value of x has not been assumed suffi-
ciently near. In the latter case, we must diminish e by
the accélération of the fixed stars during that interval, and
apply the resuit to c as a new value for the computation of
a. Thus — (8544 — 0S02) = — 8%42 being added to c,
will give 17h 43”. 33325 as the correct time for which a

* Or, at once, for the given interval; agreeably to the method pro-
posée! by Dr. Brinkley, as stated in the preceding note.

+ From a mean of 21 éclipsés of Jupiter’s satellites, the longitude was
found to be 5". 55m. 29e.



246 Problems.

should have been computed: and the resuit would then

have been *
a= 69° 53" 44",00

a = 66 6 29 ,93
(«-«)= 3 47 14,07
15A = 3 47 14,07
For the convenience of those persons who make use of

tliis method of solution, I have computed the following
9
table of the value of -— : the arg(ument ofwhich is m — the

moon’'s motion in in 12 true solar hours; or the quan-
tity which is actually employed, as the Jirst différence, in
computing the moon’s place, for c or x, as tlie case may be.
The value of s is, in this table, assumed to be equal to
241 4®.

Argument. om diff. Argument. om diff.
° O 2-1066 6° 30" 1-8513

«1145 *0686
5 15 2-2921 6 45 1-7827

m1042 <0637
5 30 2-1879 7 0 1-7190

0951 0592
5 45 2-0928 7 15 1-6598

«0873 0554
6 0 2-0055 7 30 1-6044

m0802 «0517
6 15 1-9253 7 45 1-5527

0740 «0485
6 30 1-8513 8 0 1-5042

The following table will also be convenient for cletér-

mining the logarithm of the value of . The argument

* Ail these values of a and a have been corrected for third différ-
ences : which diminish the value of a— a about 0",5.
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is the increase m the sun’s Z. in 241; which is found from
an ephemeris, by taking the différence in the A, of the sun

for two successive days.

Logarithm of

Argument 86400 SDei;gnZ)is_
S

ni s s
3 30 9-9989457 1= ‘050
3 40 9-9988955 28§ ‘100
3 50 9-9988454 3 = ‘150
4 0 9-9987953 4 = ‘200
4 10 9-9987451 5 = ‘250
4 20 9-9986950 &c &c

4 30 9-9986449

Problem VIIl. To détermine the apparent obliquity
of the ecliptic, from observations of the sun made
near the time of thb solstices : and thence the

mean obliquity at the beginning of the year.

The observations necessary for the détermination of this
problem are ahvays made a@& w days previous and subsé-
quent to the day of the solstice ; and consist of méridional
obsei'vations of the sun’s altitude, or zénith distance, which
must afterwards be cleared of refraction and parallax.
These observations are made either at the time of the sun’s
passing the meridian, or a short time before and after
that period, and reduced thereto by the methods already
explained in Problem V. The déclination of the sun’s
centre at the time of observation being thus deduced from

the formula D = (L — z), we may détermine the correc-
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tion tliat ought to be applied thereto, in onler to express
the obliquity of the ecliptic, from Formula X X in page 94,
since the true value of the obliquity is always very nearly
known. When the right ascension and déclination are de-
termined by the same instrument, we may make use of
No. I. But in other cases we shall find the correction suf-
ficiently near as follows : viz.
X = 13",6347 2— 0",00054 #A

where 8 dénotés the distance of the sun’'s true longitude
from the solstice, at the time of observation, expressed in
clegrees and décimal parts of a degree ; and which may be

found by an ephemeris.

Example. On June 25, 1812, by an observation of the
sun on the meridian at Greenwich, it was found that the
zénith distance of the centre, cleared of refraction and pa-
rallax, was 28°. 4'. 1”: what was the correction which
ought to be applied to the déclination of the sun, in order
to deduce the apparent obliquity of the ecliptic at that
time : and what was the mean obliquity at the beginning
of the year ?

The assumed latitude of the place being 51°. 28'. 40" we
have the déclination at the time of observation equal to
51°. 28'. 40" — 28°. 4. 1" =23°. 24'. 39". By the Nauti-
cal Almanac, the true longitude of the sun on that day, at
noon, was 93°. 40'. 33"; consequently by Table X X X V 111

8 = 3°*6758: and the opération will stand thus:
logaritlims.

3-6758 = + 0-5658519
(3-67£8)2 = + 1-1307038
13-6347 = + 1-1346456

+ 3.4"225 .= + 2-2653494
«(-B-6758)4= + 2-2614076
— -00054 = — 6-7323938
— 07,099 = — 8-9938014
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and tlie correction will be 3. 4",23 — ()",10 = 3. 4",13:
wlience the apparent obliquity at the solstice will be
23°. 27'. 43",13. In this computation no notice lias been
taken of the latitude of the sun, which mus&be computed
from the solar tables, and applied with a contrary sign, to
the apparent obliquity above deduced. In the présent case,
the latitude of the sunis + 1",00 : consequently the correct
apparent obliquity is 23°. 27'. 42", 13.

The apparent obliquity being thus obtained we may
readily deduce the mean obliquity at the beginning of the
year, by the help of Tables X X1 and X X I1l. The mean
place of the moon’s node being 423, we have in Table X X,
opposite thereto, — 8",21 ; and in Table X X Il against
the given date we have — 0",76. But those Tables having
been formed for the purpose of determining the apparent
obliquity from the mean obliquity, the quantities must be
applied v:ith a contrary sign, in order to obtain the mean
obliquity from the apparent: consequently we have, at the
beginning of theyear, the

mean obliquity = 23°. 27'. 51",10.

Problem IX. To détermine tlie apparent equinox,
from observations of the sun made near the time
of the equinoxes.

Observations similar to those alluded to in the preceding
problem, made a few days previous and subséquent to the
equinox, will enable us to détermine the précisé time at
which the sun is at that point. For the déclination of the
sun being found from the observed zénith distance as tlierein
stated, we must correct the same for the latitude of the sun,
in the following manner. Let D be the déclination, de-

2 K
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duced as above, and lot D' be the true déclination : then

we shall have D» — D — | CS~
cos D

where | dénotés the latitude of the sun (minus whgn soutli)
and authe apparent obhquity of theecliptic. The true dé-
clination of the sun being found, we may détermine the

longitude by the following formula :

which being compared with the tables of the sun, will
show if tliere is any error *. As the détermination of the
equinoxes dépends on the correctness of the latitude of the
place, it is désirable that tlie observations slioukl be re-
peatecl at the opposite équinoxes, in order that t[ie errors

may destroy one another.

Probeem X. To détermine the correct place of the

moon from an epheme.ris, by means of différences.

The place of the moon is usually given in an ephenicris
for apparent noon and for apparent midniglit: but her
motion is so variable that her place cannot be accurately
determined for any intermediate time wtnout the* lielp of
second, and sometimes of lin -d différences. In the annual
volumes of the Nautical Almanac tliere is given a table of
second différences, by the help of which this problem is
usually solved. But as tnird différences may sometimes be
wanted, | have adapted the whole to loganthinic computa-
tion, by means of Table X X V1. In order to use this

table, we must find the first, second and third différences,

* As the déclination, in these cases, is al® M a small quantity, we
have the longitude of the sun with considérable accuracy; even if the
obliquity is not well determined,
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in the manner pointed ont ni the Nautical Almanac : and
to the logarithms of those différences (taking the mean of
the two second différences) add the respective logarithms
in the Table. The natural numbers tlience resulting (due
regard being had to the signs) will be tlie total correction
to be applied to the moon’s place ni the usuai way.

Example. What will be the true right ascension and dé-
clination of the moon on March 3, 1828 at 71. 10myp.m.
apparent time at Greenwicli?

By proceed.ng"agreeably to the instructions in the Nau-

tical Almanac, we have

For the Right Ascension

] st diff. 2nd diff.  fird diff.
Mar. 2. Midn.= 175 38 34 o/l < n
+ 5 5940 4 4 10
3. Noon = 181 38 14 + 58
+ 6 350 + 58
3. Midn.= 187 42
+ 6 858
4. Noon = 193 51
For the Déclination
Mar. 2. Midn.= -0° 56 11 L N ;
_ 2 57 1 n
3. Noon = —259 8 152+15+124
: - + 2 29
3. Midn. 5 1 O_159 23
4. Noon = —7 0 23
The opération will consequently stand tlius :
For Right Ascension For Déclination
logarithms. logarithms.
+ 6° 3' 50" = + 4-SS905£f7 2° 1' 52" = - 3-8640362
Tabulai-factor = + 9"f7'61360# factor = + 9-7761360
+ 3° 37" 17".4 = + 47151897 1° 12' 46",9 = — 3-6401722
* This factor lias becn computed from the expre«siou — - agree-

ably to wliat has been s-tated in the note to page 205.
2 K2
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logarithms. logarithms.

+ 4' 39" = + 2-4456 + 1'47" = + 2-0294
Tabulai-factor = — 9'0802 factor = — 9-0802
— 33",6 = — 1-5258 — 12"9 = - 1-1096

+ 58" = + 1-7634 + 1'24" = + 1-9243
Tabulai- factor = — 7*5908 factor = — 7-5908
— 0",2 = — 9-3542 — 0",3 = — 9-5151

The correction in A. will therefore be +3°. 36'. 43",6,
and the correction in déclination — 1° 13'. 0",1 : conse-
quently the true place of the moon will be as follows :

iR = 181° 38' 14" + 3° 36'43",6 = 185° 14' 57",6
D = —2 59 8 - 1 13, 0,1 = -4 12 8,1

P robleii XI. To détermine the moon’s parallax.

The parallax of the moon differs at every point of the
earth’s surface. No général tables tlierefoie eau be given
adapted to the situation of every observer. The latitude of
the place, the position of the moon (not only in lier orbit,
but as seen from the earth), the hour of the day, and the
assumed compression of the earth, are so many varying
elements in the computation, that | have always found it
much less laborious to calculate the values from the for-
mulas, than to make use of any tables not computed for the
exact place of observation.

The most convenient formule are those given in pages
98— 100: and in the computation of occultations | prefer
calculating the parallax in right ascension and déclination,
to that of longitude and latitude; not only because the
latter involves the computation of the nonagesimal (a
tedious and useless opération), but also because the posi-

tions of the stars are given in right ascension and déclina-
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tion in tlie catalogues, and therefore require no further
conversion, when considered as in conjonction with tlie
moon. In tlie computation of solar éclipsés, either method
may be adopted. But, wliicliever mode is pursued, the
method of séries will be found the most convenient; and not
so liable to error as the other metliods : or, at least, any
mistake of the pen is soon detected, and may be easily
rectifiée! without disturbing any material part of the pro-
cess. |If we wisli for a near approximation only, we may
stop at the first term of the 'stries : and, in no case need
we extend it beyoncl the third term.

Example. Let the reduced latitude of the place be
48°. 39'. 50"; the horizontal parallax of the moon, at that
latitude, 54'J 885*1 the liorary angle at the pdle (or the
correct sidereal time minus the moon’s true right ascension)
converted into degrees &c, equal to 58°. 43'. 50"; and the
true déclination of the moon at that time, + 4°. 49' 44",
W hat sliould be the parallax of tlie moon in right ascen-
sion and déclination ?

This is the same example as that given by M. Delambre
in his Astronomie, Vol. I, page 376 and 379, and the solu-
tion, by means of the sériés No. 4 in Formule X X VI and
XX VIIl, will be as follows :

* Tlie redueed latitude is equal to tbc observed latitude minus the
angle of the c-vertical, which angle is determined by Formula X X1 in
page 95, or may be seen in Table XX 1V, if the compression is assumed
equal to gQ And the horizontal parallax at the place is determined
by multiplying the horizontal parallax at the equator by (1 — a.sigJL)
as stated in page 95 : or it may be found by adding the logm'ithm of the
horizontal parallax at the equator to the logarithm which in Table
X X1V is setjagainst the given latitude, if the compression be assumed
equal to
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For tlie paraliax in Riglit Ascension

logarithms.
0°54' 2"5 sin = +84P64369
L = 4839 50 cos - f 9-8198564
+ «=0102938
D = 449 44 cos = +9-9984*/57
sinP = 58° 43'50"=+9-9318319 a = +8-Qi?8376
sin2 P = 117 27 40= + 9-9480822 «*=+G-Q3567

sin3 P = 176 1130 =+8-8222925 a3= +4-0535128

a — +8-0178376
sin P = f 9-9318319
comp. sin 1" = + 5-3144251

+ 30" 30",939 .... =+3-2640946

a2 = +6-0356752
sin 2P =+9-9480822
comp. sin2" =+5-0133951

+9"935 .... =+0-9971525

ae = +4-0535128

sin 3P = +8-8222925

comp. sing]" =+4-8373039

+ 0",005 .... =+7-7131092

whence, since the quantifies are ail positive, tlie paraliax in
riglit ascension is + 30'. 46",879 *.

If we dénoté tlie apparent jfight ascension of tlie moon

by A,a, and lier truc riglit ascension by /Itr, we sliall liave
AE* = AEi + n

wliere Il is the computed paraliax in right ascension. This

paraliax will be a positive quantity when the moon is on

* We liere see that the first term gives a very near approximation,

and that the third terni is almost insensible.
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the ivest side of the meridian : but when she is on the cast
side, it will be négative ; because P will tlien be négative.

For the parallax in Déclination

logarithm?.
*cos (P + in) = 58° 59 13" = +9-7120040
cotL = 48 39 50 =+9-9448044
+ 9-6563084
cosin = 015 23 =+9-9999957
coté = 6537 8 =+9-6563127
sinj> = 0542,5 = + 8-1964369
sinL = 4839 50 =+9-8755520
+ 8-0719889

sin6 = 65 37 8 =49-9594825

sin (J—D )= 60°47'24"=+9-9409331 c = + 8-1125564
sin2(6—D)= 121 34 48 =+9.9303936 cs= + 6-2271128
sin3(Z>—D )= 182 22 12 = —8-6165019 N=+4-3376692

c = +8-1125564

sin\b — D) = + 9-9409331
comp. sin 1" = +5-3144251

+ 38'53",005 .... =+3-3679146
,.ce =+6-2251128

sin2{b — D) = +9-930S936
comp. sin 2" =+5*0133951

+ 14*751. . ... = + 1-1689015
4 = +4-3376692

- sin3(- D) = -8-6165019
comp. tsin S" =+4-8373039

- 0"006 .... =-7-7914750

whence the parallax in décimation will be 39'. 7",753.

* This logarithm is taken out erroncously in M. Delanibre’'s example ;

which will aecount for the slight différence in onr resnlts. It may bc
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If we dénoté the apparent déclination of tlie moon by
D a and lier true déclination by D', we shall have
l)a= Dr -
where ot is tlie computed parallax In déclination. It sliould
be reniarked that when the déclination of the moon is souik,
D is a négative quanti™, and must be treated as such in
the algebraic opérations : consequently will, in such

case, increase the déclination.

Problem XIlI. To détermine the aberration, and
lunar and solar nutation of a star, by the général
tables of M. Gauss.

These tables are given in pages 174— 177: and, in
order to show their use and application, take the following

Example. What is the amount of aberration and nuta-
tion, in Right Ascension and Déclination, of Aldebavan on
May 11, 1827, atnoon?

The right ascension of this star, expressed in degrees &c,
is 66°. 30", and its Déclination + 10°. 9f: and we have, on
tliat day, O = 49°. 59, and & = 224°. 10f. By referring
therefore to the formula in page 207, the opération will be

as follows :

bere useful to state that astronomers formerly usecl to compute the
parallax in déclination and latitude without eroploying the value of
J lit: which certainly rendered their formulee more convenicnt. But,
by negleeting this quantit), we may cause an error of 8 or 10 seconds
in the parallax in déclination and latitude. The parallax in déclination
eannot be correctly known without previously computing the parallax
in right ascension : a similar remark holds good with respect to the

parallax in latitude and longitude.
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For Riglit Ascension

© = + 49°59
by Table X XV III A=+ 225
— A&E= - 6630
— 14 6 cos =
D= + 16 9 sec =
by Table X X V 111 -« =
Aberration = —19",77 =
= + 224 10
by Table X X X B= - 8 17
— E = — 66 30
+ 149 23 cos =
+ 16 9 tan =
— b=
+ 2",12 =
by Table X X X .. . . ¢ = + 11 ,52
Solar Nut. by J~— 1,01
Table XX X1 L - 0,09
Nutation = + 12 ,54

257

logarithms.
+ 9-9867

+ 0-0175
- 1-2918

— 1-2960

— 9-9348
+ 9-4618
— 0-9315

+ 0-3281

Consequently the correction for aberration and nutation in

Right Ascension is — 19",77 + 12"54 = — 7",43.
For Déclination

logarithms.

(0 + A — &) = - 14° ¢ sin = —9-3867

D = +16 9 sin = + 9-4443

— a = — 1-2918

+ 1",33 = + 0-1228
bgTableXXlX .. -f- 1/ 3*
L—3.,3
Aberration = — 3 ,64

2L
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logarithms.

sin H19° 23' = + 9-7070

— b = — 0-9315

- A35 = - 0-6385
by Table X X X | .o, - 0,26
Nutation = — 4 ,61

Consequentlv the correction for aberration and nutation in

Déclination is — 3",64 — 4"61 = — 8",25.

P robtem XIIlI. For determining tlie corrections to
be applied to observations with the transit instru-

ment.

It is well known that observations witli the transit in-
strument are subject to three principal errors arising from
the three following sources: viz. 1° from a déviation of the
instrument in azimuth ; 2° from an inclination of the axis;
and 3° from an error in the line of collimation. There is
also the error of the clock, which is usually the most im-
portant. Formula X X XV in page 108, shows the whole
of the corrections to be applied to the observed time of the
transit of a star, in order to obtain the true right ascension.
The values of a, b, c, there given, are best determined by
the methods pointed out in Formula X X XV I, and which
are detailcd more at length by M. Littrow in the Manoirs
ofthe Astron. Soc. Vol. |, page 273. For a fixed observa-
tory, it would be convenient to have a table made of the

, sinf — 8) ¢ cos (P .—_S)

. 1
value ot — ', 0 — and ot loi everg
cos 8 cos 8 cos 8

degree of déclination : by means of which the corrections,
to be applied to the observed transit would be seen almost
on inspection, and rendered less liable to error. Sucli a

table of the value of s'n (? woult] aiso facilitate verg
cos 8
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rnuch tlie method of determiiung tlie amount of tlie dévia-

tion in azimuth by means of a liigh and low star. For if

we assume tlie tabulai-value of sm (ff _ n arlc[ plle
cos 8
bular value of another star, wliose déclination is 8, equal
sin(<p — 8 s ni cos8'.cos8
in(<p ) _ n’ we shall have -
cos 8 ’ ! 1 n~n! 00s ¢.sin (8 —8)’

wliicb is tlie factor adopted in the formula in page 109 for

determinino- tlie anionnt of tlie déviation in azimuth.

Example. On May 19, 1822, the transit of Sirius was
observed at 6h 37m 555,97 by the clock, at Breda in Hun-
gary, situateil in N. Lat. 47°. 29'. 4*4": the clock being too
fast 36s55; and the tliree principal errors "of the transit
nstrumentbeing a— —0S77#, b= —0S11, and c= —0S1G.
W liat are the corrections to be applied to the observed
time, in order to get the true riglit ascension of the

star?

The déclination of Sirius being — 16°. 28' 40", we have

—c¢ = 68°. 58. 24", and me opérationwills
tliusf :
logarithms.
sin 68° 58' = + 9-9535
cos 16 29 = + 9-9818
-f 9-9717
a= - -77 = — 9-8865
72 = — 9-8582

* The en-or in azimuth (which is one of the most fréquent errors)
may bc deduced either from a circumpolar star, or from a high and low
star; as stated in page 109. See rhe list of Errata.

f The déclinations, and the différences of latitude and déclination,
may be taken out to the nearest minute only : and/oto- places of loga-

rithms will be sufficient.
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cos 63° 58' = + 9-6424

cos 16 29 = + 9-9818

+ 9-6606

b= — -11 = — 9-0414

— 05 = - 8-7020

corap. cos 16° 28' 40" = + 0-0182
c= — -16 = — 9-2041

- -17 = - 9-2223

Consequently the apparent Tight ascension of the star will
be

6h37” 55597-36s555—0s72-0,05-0517= 6h37™ 18548.

Problem XIV. To compute a table of Altitudes
and Azimuths.

In ail observatories, where an altitude and azimuth in-
strument is used, it is extremely désirable to have either a
général table of altitudes and azimuths, or a table adapted
to some particular stars; in order that we may be able to
find such stars at any given hour of the day. The best
mode of forming a table of this kind, for a fixed observa-
tory, is by means of Formula h IV in page 88 : since
cosA (F ci A) .sini fF t-, a) -
cos Ify(\)f_’—_'_— K)r and S {yféjl/_-l-_A5 are constant qfantmes for
each star; and the only variable quantity for the azimuths
will be cot | P.

Thus, assuming the north polar distance of Polaris to be
1°. 38', and the colatitude of the place 38°. 31'. 20", we

have the logarithms of the following quantities : viz.
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logarithms.
cos &~ <HA) _ cos 18° 26'40" = + 9-9770973
cos | (4 + A) —cos20 4 40 = + 9-9727708

constant = + 0-0043265

sinP(4- <n A) _ sin 18° 26'40" = + 9-5002159
sini @4/ + A) “sin20 4 40 = + 9-5356680

constant = + 9-9645179

Each of these constant logatithms, being added to the
logarithm of cot | P, (where P must be taken equal to sucli
intervais as may be required) will give the logarithms of
the tangents of the mm and différence of two arcs A and V :
wlience we obtain the value of A alone *.

The value of the azimutlial angle being thus found, we
may deduce therefrom the zénith distance of the star, by
means of the other formula in page 88.

Example. The colatitude of the place, and the north
polar distance of the star being as already stated, what are
its altitude and azimuth at the distance of 3h 15™ from the
meridian ?

The arithmetical opérations, for the solution of this
question, will stand thus:

P = 3” 151 = 48° 45 0"

logarithr
\P = 24 22 30 cot = + 0-3438116

constant = + 0-0043265

\ (A + V) = 65° 50" 20" tan = + 0-3481381

as above cot = + 0-3438116

constant = + 9-9645479

i (A~ V)= 63°49 11" tan = + 0-3083595

Consequently 65°. 50'. 20" — 63°. 49'. 11" = 2°. 1" 9" will
be the azimuth.

* 1t shoukl have been stated at the bottom of page 88 that, when ¥y
is grcatcr than A, the différence of the segments will be equal to A, and

the mm of tlicm equal to V  Scc tlie lirraZa.
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logarithms.
A =1° 38' o" sin = + 8-45£89%4
P = 48 45 O sin = + 9-8761253

8-3310187
A = 2111 sin = + 8-5470791
Z = 37 26 55 sin = 9-7839396

and 90°" — 37°. 26'. 55" = 52° 33 5" will be tlie altitude

at that liour angle.

Prublem XV. To compute the right &Tcension and
déclination of aheavdfdy body, from its longitude
and latitude : and vice versa.

In the case of the sun, this prolileni is solved by means
of Formula X Il in page 86: and m case of the moon or a
star, we must have recourse to Formula X Il in page 87.
In ail these cases the obliquity of the ecliptic is presumed

to be known.

Example 1. The sun’s longitude on Oct. 7, 1825, was
193°. 54'. 39", and the apparent obliquity of the ecliptic

23°. 27'. 43": wliat were his right ascension and déclina-

tion ?
logarithms.
0 = 193 54 39 tan = + 9-3938833
® = 23 27 48 cos = + 9-.9625231
R 092 48 1 tanV + 9-3561064
1 £12".51m 12s,07
O = 193° 54 39" sin = — 9-3809554
& — 23 27 43 sin= + 9-6000357
D = — 529 34 sin= — 8-9809911

Example 2. On the same day, the moon’s longitude at
noon was 131°. 46'. 33", and her latitude — 4°, 19', 8":
wliat were the right ascension and déclination ?
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) logarithms.

L = 4 131046' 33" sin = 4+ 9-8725974

1= — 4 19 8 cot = — 1-1219270

a= — S 46 57 cot =m — 0-9945244
®— 4 23 27 43

(rt+ a 4 17 40 46 cos = + 9-9789883

l. = 4- 131 46 33 tan = — 0-0489810

— 0-0279693

a — — 5 46 57 Cos = 4 9-9977845

- <C 46 59 22 tan = T 0-0301848
| 133 0 38

M = 4 133 0 38 sin = + 9-8640528

(@ + m) = 4- 17 40 46 tan = 4. 9-5034440

D - 4 13 7 12- tan = 4- 9-3674968

The riglit ascension is always in the same quadrant as
the longitude: and the rule of the signs will indicate

wliether the déclination be north or south.

Pijiobtem XVI. To détermine the height of 1110un-
tains by means of the barometer.

For tlie détermination of this problem, observations of
the barometer and thermometer must be made at the foot
of the mountain, at the same time that corresponding ob-
servations are made at the top of the same. The différence
in the height of the stations of the two observers may then
be determined by means of Table X X X VI in page 183.
agreeably to the rule there given.

Example. M. Humboldt made the following observa-
tions on the mountain of Guanaxuato in Mexico, in lati-

tude 21°: viz.
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upner station lowar station
Therm. in open air — 704 t = 77*6
Thenn. to barometer . .t' = 70-H r = 77-6
Barometer......ooooooveinnenees /3 = 23-66 3 = 30-05

what was the différence in the height of the two stations |

By referring to the formula at the bottom of Table
X X X V1, the opération will stand thus:
B = 0-00031
log p = 1-37401
1-37432
log B = 1-47784
D = 0-10352 log 5= 9-01502
c = 0-00087
A = 4-81940
6843-7 = 3-83529
Consequently the différence in the altitudes of the two
stations was 6843-7 English feet. This differs from the
values given by the tables of M. Oltmanns and M. Biot:

but the variation arises from the siight différence in the co-
efficients employed.
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T he preceding work lias now been printed about two
years, and several copies have, during that .nterval, been
in the hands of various astronomers, botli in this country
and on the continent. My ob‘ect in thus distributing them
was not only to ascertain what errors might be discovered
in the Tables and Formulée, prior to a more général cir-
culation of the work (as | was anxious to submit it to the
public as faultless as possible), but likewise to obtain from
those astronomers, who have lionoured me with the perusal
of it, their opinion as to the propriety or advantage of en-
largmg it by the addition of other Tables and Formula,
that might be considered of général use, and as coming
witliin the original intention which | had in view.

The resuit has been a variety of hints and suggestions
for the improvement of the work : some of which are made
available by means of the présent Appendix; but others
must remain for future considération and adoption, as they
could not well be incorporated with their corresponding
subjects, il the proper places. The new Tables and For-
mula, that have been introduced, are the following.

Table XV I in page 150 was originally given for the
équation of equal altitudes of the sun, in order to find the
time of noon only. This was founded on the supposition
that the observations are made (as is usually the case)
before noon and after noon of the sanie day. But it fre-
quently liappens that these observations are interrupted by
the weather : nevertheless, il oftentimes occurs that we

2m 2
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may be able to unité a sériés of observations made on the
preceding afternoon, with a sériés made on the following
morning, and thus deduce the time of midnight; which in
many cases will be found extremely convement and useful.
This Table therefore bas been enlarged with that view, by
means of the additional pages 153* to 158*. | am indebted
to Dr. Turks not only for tins suggestion, but also for the
Table itself, which is printed from his manuscript. This
addition has rendered it necessary to reprint the Formula
(X VIIl) in page 92; and to caucel the leaf containing the
old one.

An easy and expeditious mode of comparing the French
and English measures, witlnn the ordinary range of the
barometer, has frequently been found useful and requisite.
| have therefore inserted a new table for that purpose ;
being Table X LIV .n pages 194, &c, This has rendered
it necessary to reprint not only Table XL11l, but also the
Explanation in page 215, and to cancel the former leaves
accordingly.

Table IV has been reprinted m conséquence of my
having inadvertently omitted to include in the computa-
tion, the value depending on sin 2 ffi. And Table. X X X IV
has been reprinted in conséquence of the détection of se-
veral errors, arising principally from the adoption of a
false logarithm. The leaves therefore containing these
Tables must be cancelled, and the new ones inserted u-
stead. | have considered this the most convenient and
expeditious mode of rectifying the error : less troublesome
to the reader, and less unsightly to tlie work itself, than
indicating in the list of errata the corrections to be made
with the pen.

Amongst the Formulae | have inserted three new ones.

One for computing from the ephemeris the true distance of
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the moon from a star; being XLV Il m page 120: and
another, being XLV IIl n page 119* for computing the
same from observation. This latter is Borda's method of
working a lunar, as it is technically called : and | believe
will be found to be the most simple and correct of ail the
various modes of solving this useful problem. The For-
mula X L 1X in page 120* contains the rule of the signs in
the trigonometrical analysis. The introduction of these new
Formulas has rendered it necessary to reprint page 119,
and to cancel the old one; as well as to reprint a portion
of the Table of Contents, m order to accommodate it to
these improvements.

I have also taken tins opportumty of reprinting ihe
Formula X X X V Il in page 111; as there appear to have
been some unaccountable errors made in copying it out for
the press.

Such are the Additions which | have thought it neces-
sary to make to the preceding part of the work. 1 shall
now allude to some other points which will more properly

form a portion of this Appendix.

New Solar Tables.

In conséquence of the singular cliscordancies between
the place of ihe sun, as compuied from the best solar
tables, and its true place as actually observed and pointed
out by Mr. South in the Phil. Trans. for 1827, the atten-
tion of various astronomers has been directed to that sub-
ject, with a view to a solution of the difficulty. Amongst
these, Professor Airy and Professor Bessel have most di m
stinguished themselves by their very laborious and minute
examination of ail the points that bear on the subject: and
the resuit of this severe and rigid inquiry has led to the

proposai and adoption of various corrections in the solar
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tables, which it is presumed will tend to remove the dis-
crepancies hitherto observed. The fgllowing are sonie ol
the conclusions drawn from M. Bessel's investigations, as

inserted in Schumacher’s Astron. Nach No. 133 and 134.

At mean noon at Greenwich
on Jan. 1, 1801.

Mean longitude of the sun ..........ccc....... 280° 39' 13", 17
Longitude of the perigee...ccccceoeveviiiiinnenes 279 31 9 ,91
EccentriCity ..o, ‘0167918226
Mass of Venus ... iotVit

Mass of Mars , ZG_U}Sﬁ

Sidereal révolution 1 L,
V . 365.256374417 = 365J 6h 9m 10s,75

ol the sun J

Tropicalrevolution 1
y . 365.242220013= 365 5 48 47 ,81

ol the sun )
The principal corrections therefore to be applied to the
solar tables of Delambre will arise from the altération 111
the epocli of the mean longitude and in the longitude of
the perigee : the former of which is increased 2",65 #, and

the latter 65".

In order to accommodate Table 111 to these corrections,

we must add
0s177 +y X 050084

to the respective values there given. Thus the year 1830
will be 2m 31%105 instead of 2m 30s,676.

Mr. Airy makes these corrections equal to +5",061 for
the epocli 1821.5, and +46",3 for the perigee: eacli mea-
sured from the equinoctial point adopted by Mr. Pond in
1826. At the same time he States that the greatest equa-

* The proper quantity is S",90: but M. Bessel makes it 2",65 onl»
because lie proposes to take the constant of aberration 20",2f) instead

of 20", 00, as assumed by Delambre.
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tion of the centre ought to be diminished by 0",8d-, the
mass of Venus reducecl in the proportion of 9 to 8 nearly;
and the mass of Mars in the proportion of 22 to 15 nearly.
He considei’'s the irregularity in the motion of the perigee,
and of the équation of the centre, as depending on a liew
expression which he has introdiHed, involving the longi-
tudes of the Earth and of Venus; the period of which is
240 years See PMI. Transifor 1828, Part. I. Mr. Airy’s
corrections for 1829 are given in the Supplément to the

Nautical Almanac for that year.

Other new Eléments.

Since the preceding pages were printed, M Bessel has
also re-investigated the subject of the precession of the
equinoxes, and has deduced the following results, which
sligntly differ from those inserted in page 104.

P = 50",37572 - &e.

p = 50 ,21129 + &c.

m = 46 ,02824 + &c.

n — 20 ,06442 — &c.
It is from these values that Table X X V Il wras computed :
with this exception, that the value of n was erroneously
taken by M. Bessel equal to 20",06175.

According to the latest observations of Professor Struve,
with the great Dorpat telescope, he makes the axis of the
pbles of Jupiter to the diameter of the equator, as 35",538
to 38",327 : wlience the compression is = -0728 or T34{7t-

The same distinguished astronomer makes the cliameters
of Jupiter's satellites to be as under : viz.

I = 1",015
I = 0,911
Il = 1,488
v = 1,278
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Professor Struve has also given us tlie following measure-
ments of Saturn’sring, reduced to the mean distance of the

planetic viz.

Outer diameter of the outer ring . . . = 40",095
Inner diameter of ditto .. . .— 35,289
Outer diameter of the inner ring . . . = 34 ,475
Inner diameter of ditto

Equatonal diameter of Saturn . . . = 17 991

Whence we obtain the
Breadth of the outer ring

---------- of the space between . 0 ,407
---------- of the inner rmg . . . . . 3,903
Distance of the ring from Saturn . 4 ,339
Equatorial radius of Saturn. . . . 8 ,995

See the results of M. Struve's measurements of Jupiter
and Saturn in Schumacher® Ast. Nach. No. 139: wliich
are more cogcct than those in No. 97

Pie makes the inclination of the ring to the plane of tlie
ecliptic equal to 28° 5' 54".

It has been recently stated by many of the continental
astronomers that the body of Saturn is not cxactly equi-
distant from the ring : and some late observatl>ns seem to
confirm the opinion. The différence however is scarcely

perceptible even w;th the most powerful tele.scopeswq

Aberration ofa Planct.

There is a very simple formula, for determining the
aberration of a planet, given by Delambre in bis Astro-
nomie, vol. 3, page 106 ; which, in conséquence of the great
improvefnents recently introduoed into the Berlin Ephe-

meris (to nliich | shall more particularly allude in the se-
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quel), admits of a very ready and easy solution. Let us

make
A = the distance of the planet from the earth.
p. = the daily geocentric motion of the planet, expressed

in seconds of space, either in Right Ascension or
Longitude, Déclination or Latitude : minus (in the
first two cases) when the motion is rétrogradé, and
also (in the last two cases) when the motion is to-
wards the south.

t = the time which light takes to corne from the sun to the

earth, expressed in minutes : assumed = 8-263.
then will the aberration (a) be equal to

a= — X A = — -0057382 X A u
1440

Now, since the logarithm of *0057382 is equal to 7"7587753,
and as the logarithm of A is given in the new Berlin Ephe-
meris, we have only to seek for the logarithm of p. in the
tables : and the sum of tlie three logarithms will give the
logarithm of the aberration required.

The logarithm of A will also enable us to détermine the
parallax ofthe planet, since we have only to deduct it from
the logarithm of the sun’'s mean parallax (= 0-9333658),
and the remainder will be the logarithm of the parallax of
the planet.

And as the semidiameter is always in a constant ratio to
the parallax, we may likewise deduce this quantity by

means of a similar constant for each planet.

Augmentation of the Moon’s semidiameter.

Mr. Henderson of Edinburgh, a gentleman well known
for his zeal in the cause of science, and for his excellent
judgrnent and skill in the various branches of astronomy,

2N
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has pointed out an error in Formula X X V 111, page 101,
into which | have fallen, by following too closely the steps
of Delambre *. It appears that, in the first Formula liere

S3
alluded to, the quamity + —(-000017767)2has been omitted

by almost every writer on the subject, except it be Mayer.
Its value varies from 0",11 to 0”,16 aecording to the dia-
meter of the moon. It is indeed alluded to by Delambre
in his explanation of Table X L1V of BUrg’sLunar Tables;
and he remarks that tlie semidiameter of the moon, seen at
the horizon, will be greater by tins quantity than when
seen from the centre of the earth. But the Table is formed
without this assumption : so that wliere great accuracy is
required we must add this quantity to the tabulai' values.
There can be no good reason wliy tliis expression-should in
future be neglected. The reader will supply the omission
in Table X XV of the présent collection, by annexing the

proper constant to the liead of each column.

Circum-menttia/i observations of the sim.

In Formula X IX, page 93, for the Réduction to the me-
ridian, it is well known that when the sun is the object
observed we must take into account the chantre of déclina-
tion during the interval of the observations. Tins may
sometimes prove troublesome ; but, by the lielp of the fol-
lowing short table, a great deal of the labour may be saved.
This table merely shows the change in déclination, in one
minute of time, corresponding to any given daily change.

M. Cerquero prefers taking the sun’s déclination for the

* | ara also indebted to Mr. Henderson for the détection of sonie
other errors ; and for his numerous and valuable suggestions for the

improveinent of the work.
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mean of the times of the observation: which,7althouE|)h it

appears more simple, is in fact the same thing.

Daily Change Daily Change Daily Change Daily Change
change in 1 min. change in 1 min. change in 1 min. change in 1 min.

1 0*042 7 0.292 13 0n542 19 0nr792
2 «0S3 8 333 14 <583 20 .833
3 125 9 375 15 625 21 v

4 167 10 417 16 667 22 «917
5 «208 11 458 17 708 23 958
6 *250 12 <500 18 750 24 1-000

M. Gauss has suggested another mode. 11is well known
that the sun does not always attaiu its greatest altitude when
exactly on the meridian, but (with the exception of the two
days of the solstices) either a little before or a little after that
moment of time, according to its position in thétecliptic.
In fact, it will vary in différent countries : and the analy-
tical expression for the distance (in seconds of time) from

the true meridian v ill be

A = S x 15-27924 X snl(L ~ P)
cos .L.cos G

the characters denoting the same quantifies as in For-
mula X IX, page 93, above alluded to *. Now M. Gauss
proposes that the observations sliould be reduced, not to
the true meridian, but to the time. of the sun’s greatest

altitude. The value of A has therefore been computed and

* See JBohnenberger’s Anlicilung zur geographisce?i Ortibestbmiumg,
pagq275; where this subjectis treated with ail the accuracy and minnte-
ness which distinguishes that excellent work.

2 N2
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publislied by M. .Schumacher for every tenth day of the
year, and for every degree of latitude from 36° to 60° both
inclusive. Consequently ail that is required in this plan is
to apply the value of A to the time of the sun’s meridian
passage, and to reduce the observations to the time shown
by the sum of those values, instead of the time of the mé-
ridional passage. This method is certainly very ingenious
and simple, but it appears to be sliglidy incorrect, as
Dr. Tiarks has shown in the Phil. Mag. for September
1828, page 182.

Nautical Almanac.*

There is probably nothing that contributes so much to
the progress and improvement of astronomy,— nothing that
tends in so great a degree to keep alive a spirit of enquiry
and research in this science,— as the annual publication of
a correct and comprehensive Ephemeris; contai,.ing, in a
concise and tabulated form, ail the motions of ail the hea-
venly bodies, computed from the best éléments that can be
obtained. It was this feeling which induced the Govern-
ment of this country in 1765 to establisli the Nautical Al-
manac, and to cause it to be published under its own au-
thority : the good elfects of a similarly authorized national
Ephemeris having been experienced in several of the neigh-
bouring States. The work was consequently placed, by a
spécial act of parliament, under the direction of the Board
of Longitude, then recently established, and the first volume
appeared in the year 1767.

In the infancy of the science (for the présent System of

astronomy isofno very ancient date) the public were satisfied

* Some of the points alluded to in this article wére arrangée! in the

shape of a letter, and inserted in the Times newspaper ofrftov. 13, 1828.
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with the meagre détails thus given in the Nautical Almanac :
a work which was perhaps sufficiently well adapted to the
wants of astronomers at the time of its establishment, but
which falls far short of what is mm required. New disco-
veries and new modes of observing— a more refined analysis
and more improved instruments— have given rise to new
wants and to new claims : so that what might be well suited
to the last century is no longer tolerable in the présent one.
Many of the states on the cont. ient have long seen this, and
have improved their national ephemeris accordingly : and
this improvement has most unaccountably been in the in-
verse ratio of their interest in navigation and nautical astro-
nomy, which it is said these publications were originally
and principally intended to promote #. Indeed, it has been
percinaciously maintained by some persons, that the Nauti-
cal Almanac was originally estabhshed and is noua continued
for this sole purpose : whilst otliers consider that it ought
to partake more fully of (what its title imports) an astrono-
mical ephemeris. But it will not be difficult to show that
it is not adapted either for one or the other (at least to
that extent which the présent state either of navigation or
astronomy demands) : and that it is a constant charge upon
the nation, without any équivalent advantage to science.
That it is not intended solely for the navigator is évident
from an inspection of its contents. For, of what use are the
éclipsés of Jupiter's satellites to the sailor? How is he
benefited by knowing the places of Mercury, and the
Georgium Sidus; planets which are seldom seen even on
sliore ? What does he want of the apparent places o f sixty
principal stars ? And as to the positions of the Sun and

* Witness the ephemorides of Coimbra, Berlin, and (proh pudor /)
Mdan.
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Moon, if they are required vnerely to work out a lunar (as
it is technically called), or to détermine the latitude, a much
more concise form might be adopted. So that the most
ample demands of the mere navigator (from the humble
skipper to the noble admirai) might be supplied from the
Nautical Almanac in a sixpenny pamphlet.

But if it is iutended solely for navigation, or if its ohject
be the promotion of navigation at ail, surely it ought to con-
tain ail the requisite faciiities for determining the problems
necessary at sea. W hy then are the distances of the moon
from theplanets omitted ? and why do we not see a hst of ail
the occultations that will occur? The ephemeris of Coi.nbra
has, for many years past, contamed the lunar distances of
the planets and many of tlie occultations : and the little
state of Denmark (so great however in works of science),
well knowing the importance of the subject, annually pub-
lishes a similar list of such distances, together with the po-
sition of the planets for every day in the year, at the Hy-
drographer’s office at Copenhagen. As to occultations of
the fixed stars by the moon, it has now been long disco-
vered that they may be observed with a common telescope
at sea (even from the unsteady deck of a vessel), down to
the sixth magnitude ; as may be easily verified by any one
that will take the pains to look out for them. They are
the most perfect of ail lunar distances : and it is sufficiently
well known that they afford the best means of determining
the longitude.

Again, if the Nautical Almanac really has the advance-
ment of navigation in view, why does it not contain a more
enlarged ephemeris of the places of the four principal
planets (Venus, Mars, Jupiter, and Saturn) for every day
n the year, instead of the almost useless summary which
it now exliibits : so iliat their accurate positions may be as
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readv for immédiate use, when required, as those of the
Sun and Moon ? For these stars (and parncularly Venus)
can frequently be seen in broad daylight, and their altitudes
consequently taken on the meridian when unfavourable
circumstances prevent an observation of the sun or moon :
an instance of which lately occurred in one of the American
packets, where an observation of Venus on the meridian
(soon after the passage of the sun, which was unfortunately
obscured at the time) was the means of determining the
latitude of the ship. An ephemeris, pretending to be for
the use of nautical men, shoukl contain every thing that
can at ail dimiiiish the labour of computation at sea, or
that will at ail tend to help an eniightened sailor in pur-
suing his adventurous and doubtful patli across the track-
less océan. Fie is frequently placed in situations of great
difficulty, where every means, that can be made available
for relieving him, ought to be ready at hand. It is but a
small return we make to him for the périls he encounters.
But, if the Nautical Almanac does not contain ail that is
requisite for the navigator, how much less does it supply
the wants of the astronomer; and how vain are its preten-
sions to the title of an Astronomical Ephemeris. It will
perhaps be scarcely crédible to future ages, that for a period
of thirty years after the discovery offour nevo planets in
our system, not the least notice whatever was taken of any
one of them, in a work pretending to show the motions of
the celestial bodies : so that no astronomer could ever tell
m what part of the heavens to look for them, or make any
observations to perfect their theory. And as to any know-
ledge he could obtain of them, they might as well be blotted
out of the création. It has been said, in excuse, that there
are no accurate tables of their motions: still imnerfect

tables are better than none at ail, and it is so much the
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more necessary to get them observed. Besides, | much
doubt whether the tables of the moon and many of the
planets were more correct, at the commencement of the
Nautical Almanac, than the tables of the minor planets are
at the présent day. And it is fortunate for us that the
same paltry and misérable excuse was not allowed to suc-
ceed in those times*. It is well known that it does not
contain ail, nor nearly ail, the information that astronomers
now require : and wliat it prétends to give, it does not state
in that simple and correct manner which their uses demand.
It ought to contain the places of ail the planets, and notices
of ail such phenomena as the interests of astronomy require
should be generally observed : and above ail should be dis-
carded altogethei» the absurd and useless mode of adapting
the values to apparent time; which seems, indeed, to be
retained for no other purpose than to give the practical
astronomer the trouble ol converting them back again into
mean solar time before lie can make use of them. But,
these and various other improvements and additions have
been so fully pointed out and so frequently insisted on by
others as well as by myself, that it woukl be useless to
repeat the subject lierej-. It is well known that about
eleven or twelve years ago, the work had got into such
bad repute that Mr. Croker is represented to have stated in

the House of Commons that “ it was become a bye-word

* Dr. Maskelyne clicl not reason in this manner when the Georgium
Sidus was discovered. The place of that planet is regularly given.

T See Mr. South’s Practical Observations on the Nautical Almanac;
and my Remarks on the présent defeetive state of the Nautical Almanac :
both pubiished in 1822. This latter pamphlet was written as an Answer
to some Remarks pubiished in Brande’'s Journal of Sciencef wherein the
writer attempted to vindicate the présent State of the Nautical Al-
manac.
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amongst the literati of Europe and a new (and rather
expensive) Board of Longitude was consequently esta-
blished, under whose auspices and direction the Nautical
Almanac was in future to appear: it being anticipated
that this additional expense would be attended with équi-
valent advantages. But the event has disappointed ail our
expectations : and Mr. Croker, after a trial of ten years,
finding his new Board of Longitude of litde or no use in
promoting the objects for which it was instituted, brought
in a bill (during the last session of Parliament) for its dis-
solution : and it now ceases to exist.

During the period, however, that the Nautical Almanac
was under the direction of the late Board of Long:_i}ude,7
the defective state of that national work was frequently
brought before them, not only by private individuals, but
also by the Council of the Royal Society ; and the pro-
posed improvements were supported by the active and
scientific members of that Board. But, unfortunately,
wlienever that learned body was assenrbled together to
discuss these matters, some invisible and Boeotian influence
was sure to paralyze ail their proceedings ; so that little or
no permanent benefit has yet resulted from their efforts.
A nd thus it ever will be wkh so heterogeneous a body as
that which composed this assemblage of persons. The
dissolution of suc/i a Board was “ devoutly to be wislied.”,-.

It is true that some slight attempts (like angels’ visits,
“ short and far between”) were occasionally made at im-
provement; as it was impossible for the Board to sliut
their ears altogether to the universal complaints that were
made. And it is probable, that to the acrive :nterference
of some of the more scientific members we are to attribute
the two recent Suppléments to the Nautical Almanac, for
1828 and 1829; the Almanacs for those years having been

20
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previously published. It is now rumoured, however, tliat
since the abolition of the Board, these Suppléments are to
be discontinued : and tliere seems to be some ground for
the suspicion, when we see the Nautical Almanacs for 1830
and 1831 subsequently appear without their expected ap-
pendages : for, surely it never could be intended that the
Supplément should be constantly two years in arrear of the
original work. The plain course would have been (whetlier
any further improvements be intended, or not) to have inm
corporated, them together, for the convenience of those wlio
consult them. But, mueh more than what has been here
done is required at the présent day. For, so rapid have
been the strides, wituiii these few years, botli in practical
and theoretical astronomy, that nothing short of a réfe
modelling of the whole work, adapted to the présent im-
proved state of the science, will satisfy the increased and in-
creasing demands of the modem astronomer.

W hatever may be the future intentions of the Govern-
ment, however, it must be évident to the most common
observer that the altérations and improvements here sug-
gested would not be akogether for the benefit of astronomy
alone, since they bear very powerfully on navigation also.
Many voyages of discovery and sc'entific research have
lately been made, and many are still in a state of progress,
conducted by men of high scientific attainments, who are
an honour to the country that employs them, and who
have the proud and enviable satisfaction of knowing that,
after liaving triumphed in war, they can also serve her in
the no less brilliant walks of peace. In fact, there probably
never was a period wlien the Royal Navy of Great Britain
could boast of so many officers so devoted to science, and
so proud of promoting its objects. Many of these, | Zamiy,

lament tlie présent defective state of the Nautical Almanac,
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and the necessity of referring to J'oreign ephemerides for
what ou.gkt to be contained in our own *. Surely it is of
sonie importance to foster and keep alive this laudable
spirit in our navy, and to afford them every means for
multiplying observations, which in many cases may be ab-
solutely necessary for the safety of their vessels ; and which,
at ail evonts, must inevitably tend to the promotion not
only of astronomy butalso of geography, hydrography, and
navigation.

Besides, it frequently liappens that, during these expé-
ditions, a temporary landing is made at places either wholly
uninhabited, or wliose positions are but very badly deter-
mined It is. therefore désirable that every facility should
be given for obtaining the longitude and latitude of such
places in the most expednious and correct manner; other-
wise Olle great object of the voyage is lost: and the more
these means are multiplied, the more nkely are we to ob-
tain a favourable resuit to our enquiries.

This subject in fact is of so much importance in a na-
tional point of Ziew, whether we consider il n il s relation
to the safety of our navy or the scientific honour of the
country, that | trust the subject will attract the particular
and serious attention of the Government. Indeed, it might
be a fit subject of enquiry, in either House of Parfument,

* TVitness the remarkable fact mentioned by Mr. South, that Capt.
Smyth (whilst employed by the Admiralty in surveying the coasts in the
Mediterranean) was obliged to refer toforeign ephemerides for informa-
tion which was not to be found in the Nautical Ahnanac. To which
may be added, that when the Expédition to the North Pdle sailed in
1824, a Society furnished Capt. Parry with their copy of the moon-
culmitiating dars (published by the Danish Government) for the purposc
of making observations for more etfectually determining the longitude
of such places as he might visit in lus advcnturous voyage.

202
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whether tlie fonds appropriated (r om the public pursé) to-
wards the formation and superintendance of the Nautical
Almanac might not be made more effective than they now
are : whether a much better work, at a much less expense,
might not be produced : and whether in fact it might not
even be made a source of revenue. .Tlie annual sale of the
Nautical Almanac is about 7000 : but the combined sale
of ail the other almanacs is nearly a M ILLI1O N copies :
and many of these (risum teneatis) are not much inferior to
the présent state of the Nautical Almanac. It is, | fear, too
generally supposed that those popular works are composed
by men who live in garrets, and who pander to the ritiicu-
lous follies and absurd préjudices of the vulgar. This
however is not the fact. The superintendants of some of
those almanacs are men of high character and superior at-
tamments; who are not only désirons of improving the
works placed under their direction, by introducing therein
a variety of new scientific and astronomical subjects, but
also of removmg the rubbish which annually disfigures
some of their volumes. But they have the insupcrable pré-
judices of the vulgar to encounter : and after an ineffectual
attempt at such a reformation, they have been obliged to
abandon it for the présent, or, at least, to satisfy themselves
with agraduaiimprovement Ne.vertheless the compétition

between these annual productions is so great, that eacli is

* About nine or ten yeag¢s ago the editors of Moore’'s Almanac began
this attempt by discarding the monthly column containing the mooifs;
supposed influence on the several members of the human body; and,
as an experiment, to ascertain tlie feeling of the public on the occasion,
printed at first only one hundred thousand copies. But the omission
was soon detected, and nearly the whole édition was returned on their.

hands, and they were obliged to reprint the favourite column. The
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striviug for improvement, autl | believe with as much effect
as the disadvantages, under which they labour, will allow.
Even in their présent State, however, | consider some of
these works (and particularly Whitds Ephemeris) as supe-
rior, in many respects, to the Nautical Almanac: since
they contain much information which our boasted national
work does not (and will not) afford « and in some of them it
is, moreover, proposed to insert, in the next and subséquent
volumes, the places of the four new planets ! ! !

| may be told, perhaps, that ail these works are indebted
to the Nautical Almanac for a great portion of the astrono-
mical information they contain. This may be partly true:
but tis also equally true that they contain much that is
not (but oughl to be) in the Nautical Almanac. And | am
assured that the superintendant of JVhités Ephemeris has
long laid it down as a practical maxim never to take for
granted any thing which he meets with ia the Nautical
Almanac. His first srep is to collate most cautiously the
Nautical Almanac, with the Connaissance des tems and
the Berlin and Coimbra ephemerides, as well as with other
similar continental publications when he can procure them :
and, in every case of serious discrepancy to institute an
independent computation. This is the proper mode of pro-
ceeding, in order to insure accuracy : and | think tliere is
no doubt but that the Stationers’ Company (or some other
respectable body) would also gladly undertake the compu-
tation and printing of the Nautical Almanac (provided the

copyright were secured to them) not onryfree o fevery e.vpense

total annual sale of this work by the Stationers’ Company is nearly half
a million copies ; besides pirated éditions of about one hundred thousand
copies ; and two reprints ofit in Franee;— one at Boulogne and the other

at Paris ! ! !
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to Government, but even subject to the stamp duty, froin
which it is at présent exempt. Let it but fairly enter into
equal compétition with other productions of a similar na-
ture, and we should in ail probaliility have awork ofa mucli
superior kind to the présent one, the number of its copies
would be increased, and instead of bcing an unnecessary
and useless expense (and a disgrace to the nation), it might
thus become a source ofannual income, and a means of im-
proving the science of astronomy. If the Nautical Almanac
were made what it ought to be, and such as tlie situation of
this country demands, there is no doubt but that its sale
might be considerably increased. It is known that the
American booksellers (who reprint that work in the United
States) correspond with the German astionomers for the
supply of additional matter, to be inserted in the annual
volumes And what is the conséquence? One bookseller
alone (and there are several who reprint the work) sells
upwards of twelve thousand copies ! | beiieve the total sale
of the Nautical Almanac, in this country, never amounted
to seven thousand copies.

Hitherto | have said nothing of the accuracy of the Nau-
tical Almanac ; and, as far as aritkmctical calculation goes,
| am ready to accédé to the computers their due meed of
praise for diligence and attention. But, there is an atten-
tion of a much superior kind required, in order “ to aitain
“ the liigTtestpossible degree of accuracy*,” (and belong-
ing ratlier to the directors of the Nautical Almanac than
to the computers,) which | am not so readily disposer! to
grant. | allude not only to the choice of the Tables from

which those computations are made, and to the corrections

USeethe animal Advertisement prefixed to ail the late Nautical

Almanacs.
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which ought from time to time to be applied, even to the
best tables, in order to adapt them to the improvmg state
of the science; but also to the comnmnicai.cn of that infor-
mation to those who *consult the work. This plan was
rigidly pursued by the late Dr. Maskelyne, when the Nau-
tical Almanac was under his superintendence; the best
tables were constantly sought after and adopted; and ad-
ditional équations vere supplied whenever subséquent in-
vestigations warranted sucli a measure. A minute account
of the changes thus made, and incorporated with the com-
putations, was always given in the Préfacé to each almanac.
Such was the conduct of Uiepraclical superintendant; wlio
well knew the use of instruments, and the true value and
application of correct and convenient tables; and who em-
ployed his splenctid abilities in aiding the enquiries not
only of the astronomer, but also of the scaman, in every
branch of the science: bearino; in mind the well known
apoplitliegm of Bacon, that “ knowledge is power,” and that
ii fui'ilishes us with an increasing fund, on which we may at
any time draw, in case of need. And who, moreover, was
not paid for this branch of his labours.

Let us now see whether we bettered our condition when
it was placed in other hands, and under a new direction
and subject, moreover, to a charge of £300 a-year for its

superintendance*. | fear not:— for, at the very thresholcl

* | wish it to be unclerstood that | have no personal allusions in view,
in any part of these remarks : it is the system only which | attack, with-
out reference to the individuals, who stand too high, both in character
and abilities, to be affected by any observations that | may make. By
tlie act of Parliament, constituting the late Board of Longitude, it was
declared to be “ highly expédient to the intemsts of navigation, and the
“ honour of the country, that the Nautical Almanac should be accurately

“ computed, compared, and published,” and “ thatsome person of com-
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of our enquiries we find ail hopes of improvement witliered
in the bud, since we are gravely told, year after year, in
the Advertisement prefixed to the Nautical Almanac, that
as far as the exi'ting tables of the “ sun and moon have
“ been examined, they appear to be already sufficientl/j ac-
“ curate for every purpose of pi'actical astronomy.” W'hy,
so far from this being the case, there is not one purpose of
practical astronomy for which the tables of the sun (settiug
aside those of the moon) are “ suffic'ently accurate:” and
if the uirectors of the Nautical Almanac had ever conde-
scended to look through a transit instrument (even of ordi-
nary construction),'itliey would readily have been convinced
of the fact; and would soon have learned that they are not
“ sufficiently accurate” even to regulate a common clirono-
meter. Indeed, the truth itself is tacitly acknowledged in
the Supplément for 1829, where they have inseried Pro-
fessor Airy’s table of con-ections of thasolar tables for every
fifth day of thenyear, from the recent investigations of that
profound mathematician : thus virtually contrad'cting the
bold assertion which they had so incautiausly and so re-
peatedly made.

As to the tables of theplanetary motions which have been

“ petent skill and ability should be nominated by the Admiralty for su-
“ perintending, under the direction of the said Board in général, and
“ tlie Astronome:-Royal in particulur, the due and correct publication of
“ the Nautical Almanach Under this triple responsihility the work has
hitherto heen, year after year, smuggled into the vvorld, likc an illegiti-
mate child, without much regard either to the interesls of navigation or
tlie honour ofthe coim try;and eacli party has consequently been ashamed
to own their offspring. It is now rumoured, however, that a new ar-
rangement ismbout to be made : and, if so, it may be a fit subject of en-
quiry in the House of Cominons whether that arrangement is likely to

tend to abetter rcsult than the last.
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employée!, they are saicl to be “ clnefy those which are
“ printed n the third volume of Professor Vince's Astro-
“ norny, with the omission only of some équations which do
“ not materially aliéct the results.” But, why this ambi-
guity and mystery ? Do not the directors know precisely
whicli planets have been computed from Vince's tables, and
which not? And what équations have been reiained and
which rejeetedP And why are we not to be made acquainted
with the fact? It is well known that M. Bouvard has pub-
lislied tables of Jupiter, Saturn, and Uranus, much more
recent than those of Vince : and yet 110 allusion whatever
is made to these tables; nor is it known whether any of
them have ever been placed in the hands of the computers.
Besides, who can doubt the propriety and even the necessity
ofslating distinctly the tables and autliorities depended on
in every calculation in the Nautical Almanac : and that, not
loosely, but whh express notice of any équations om’tted in
their use, and the corrections made in them. Not to do this
is not only to deprive ourselves ofthe valuable conséquences
which could not but resuit from a repeliHon and-"eidfcation
of the calculations by other persons, who (from a peculiar
turn of mind) delight in such computations, but likewise to
destroy ail confidence which such unreserved publicity is
calculated to inspire. As to the positions of the planets
liowever, as inserted in the Nautical Almanac, they are
given in such a rougb manner (to the nearest minute in
time only) and for such long intervais, that “ for any pur-
“ pose of practical astronomy,” they mightjustas well have
been computed from the Tables of Halley, or even the
Rudolphine Tables of the sixteenth century.

The public indeed were, at one time, led to imagine that
the lunar distancesfrom Aiepilanets were about to be inserted
in the Nautical Almanac : as they were repeaiedly told in

2p
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tlie Préfacé to that work, that “ whetlier any advantage

would be gained from tlie insertion of the moon’s distance

from Jupiter, must dépend on the précision of tiie tables

of that planet [wthose tables ? Vince's or Bouvard’s?]: a

point wliich is expected to be very shortly determined from
“ the most accurate observations.” But, this expectation, jike
that of the Mountain in labour, terminated in a mucli more
ridiculous way. For after amusing tlie public, for seven
years, with this idle taie, the printev appears to liave been
ordered to erase tlie paragraph silently from tlie Adver-
tisement; and tlius vanisbed ail at once every trace of tlie
“ sliort expectancy,” tlie “ accurate observations,” and tlie
“ précision of tlie tables so tliat even tlie mouse clicl not
appear to give a colour to tliis septennial parturition *.

It perliaps will hardly be crediied that M. Schumacher,
a few years ago, offered his lunar d stancesfrom the planets
(wliich are published by the Danish Government) to the
late Board of Longitude, for circulation witli the Nautical
Almanac : propcsing to put the titles of the columns in
English, and simply requiring that the Board sbould pay
for the paper and printing. But they dtélined the offert!!

If I were disposed to swell this list of complaints, | miglit

* The Board of Admiralty, like the late Board of Longitude (for the

Supplément for 1829 has come out under their authority), still

“ Keep the word of promise to our ear,

“ And break it in our hope
for, in the Advertisement to tliat volume we find that the parallaxes and
logarithmic distances of the principal planets are given, because “ the
“ navigator may have occasion to employ them in tlie détermination of
“ his longitude by their observed distancesfrom the moon, should that me-
“ thod be found sufficiently exact to be relied on.” That is, these values

are given now, in order to be used at the end of another officiai gesta-
tion of seven years.
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enter into a number of minute inaccuracies tbat ouglit not
to appear in a work of tnis kind, on winch so much money
is annually wastcd : such as marking invisible occultations
and ecnpses, as if they were visible, and viceytyersa:— giving
the mean places of the stars, in one part of the work, dif-
férent from what they are in another part:— inserting new
tables without any explanation of theu- use and applica-
tion:— omitting in leap year tlie 29tli of February 111 the
apparent places of the stars :(— stating the mean places of
the stars to be deduced from the latest observations that
“ have been made up to the présent tune,” although the
very next line informs us that “ from some late observations
“ [i. e. later tlian the latest] tliere is reason to conclude
“ tbat tlie riglit ascens, ns sliould be diminished one-tenth
“ of a second :”— with other things of a like kind ; which,
although they may appear trifling to the général reader,
or to the ; mere navigator,” show great inattention to the
arrangement of the work, and destroy that confidence and
authority to which it ought to be enntled amongst astrono-
mers, as publislied under the direction and sanction of the
Government.

But | shall not pursue any further this tiresome and dis-
gusting appeal :— an appeal which has been so repeatedly
urged by others, as well as by myself, to so little purpose.
Long and loud have been the complaints; and enougli has
been said to sliow the necessity of a reformation, if tliere
existed a disposition to adopt it. But this country, once
so distinguished in the science of astronomy, so celebrated
for its artists and the superiority of their instruments, and
at the sanie time so jealous of the productions and claims
of others, now views w:th apathy (as far, at least, as the
Government is concerned) the rapid udvances that are
making in the neighbouring States; and which have al-

2r 2
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ready left usfar bciiind in 'gfevy branch of Uie science, and
in every art connectée! vitli its practical application. We
,see around us, 011 the continent, nnrivallcd art.sts in lioro-
logy, in optics (including the art of manufacturing the most
beautiful glass for optical purposes), and in the makmg
and dividing of every kind of astronomical and geodesical
instruments, and whose works are souglit for in every ob-
servatory : we observe the most profound researches carry-
ing on, both in theory and practice: we see the greatest
activity in ail their observarories: and, thougli last not
least, they are now supplied with an Ephemeris 'which
oughl to put England to marne. These facts are too noto-
rious to be denied : but, if those in power cannot feel for the
lionour of the country, or will not exert themselves for its
support, little can be expected from those in a more humble
station : and the evil must be left to find its own remedy.
It has been justly statted by a distinguished and much
lamented philosopher of this country, that “ tliere are some
* sounds inaudible to certain ears and so it would seem
in the présent instance. Tliere isa sound however, though
not so loud, that will ultimately be heard,— “ the still small
voice” of time and reason (in common parlance yclept the
mardi of intellect),— which, sooner or later, must and will
bring about the reformation so repeatedly insisted 011, and
so anxiously desired by every friend of science. And with
this “ sure and certain hope” (for, corne it must, at last) |

now proceed to a more pleasing subject.

New Astronomical Ephemeris.

Many of my readers are probably aware tliat, within
these few months, there has appeared at Berlin one of the
most useful publications in practical astronomy that has

ever yet been formed. It 3*an 'astronomical ephemeris
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arrangée! in an entirely new manner, computed on an en-
tirely new principle, and every way axlapted to the présent
advanced state of this important science.

It will be recollected that, for the last fifty years, the
celebrated Professor Bode conducted the Berlin ephemeris,
under the title of the Astronomische JcthrbucJi, with great
crédit to himself, and with great advantage to astronomy.
This work, inferior to none on the subject, contained an-
nually a vast variety of valuable information, which would
probably have peri.shed, had it not been for the interest and
zeal which Bode took in every thing vegarding astronomy
Yet, notwithstanding the rapid strides which the science
has made on the continent, little or no altération was made
in the usual columns of this publication during Bode’s life-
time : but, on his death, M. Encke, who has been appoint-
ed to succeed him, determined on re-modelling the work
altogether, and on adapting it to the increased and in-
creasing demands of the astronomer. W ith this view lie
has abandoned the plan of publishing the voluminous Ap-
pendix thereto, which has generally been filled with matter
that more properly belongs to a periodical journal; and
which will now be transferred to the pages of Professor
Schumacher’'s very valuable Astronomische Nachrichten :
whilst the montlily columns of the Ephemeris will be con-
sequently enlarged without any additional expense to the
reader. On die other hand, Professor Schumacher will m
future discontinue his annual Hii.fslafclnJ which will hence-
forth form part of M. Encke’swork above alluded to. This
mutual exchange and arrangement, which commences with
the présent volume for 1830, will be highly advantageous
and convenient to tlie practical astronomer; who will thus
have, in one volume, ail the daily information he requires

for the use of his observatory.
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One principal and great improvement in tnis ephemeris
is the introduction of mean solar time into ail the computa-
tions, instead of apparent time, as liiiherto adopted in every
other ephemeris, except it be that of Coimbra The articles
in the ephemeris are also much better arranged : and the
computations are more extensive, and carned to a much
greater degree of minuteness, than has hithéllto been doue in
any other similar work. Many new subjects are likewise
introduced : such as the places of the four new-planets— a
list of occultations— a list wf moon-culminating stars— and a
variety of other important and convenient tables which are
of constant use to the practi 'al astronomer. This however
will be more fully seen, by a more minute description of the
work in question, which is as follows.

The ephemeris of the Sun is, for each month, divided into
two pages ; one of which is devoted to appaient noon, and
the other to mean noon. The former page contains, be-
sides the days of the month and the days of the week, the
mean time (to two places of décimais in the seconds), the
right ascension of the sun (to two places of décimais), and
its déclination (te one place of décimais), together with the
équation of urne (to two places of décimais), and the loga-
rithm of the double daily variation in the déclination,— a
quantity extremely useful in determining the time from
altitudes of the sun. The latter page contains the right
ascension of the meridian (to two places of décimais), the
longitude of the sun (to one place of décimais), its latitude
(to two places of décimais), the logarithm of the radius
vector (to seveii places of décimais), and the semi-diameter
of the sun (to £wonrplaces of décimais); together with, not
only the days of tlie month, but likewise the number of
days elapsed from the commencement of the year.

The ephemeris of the Moon is also divided into two
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parts ; but as the computations are made for every twelve
hours, each montli occupies four pages. These contain the
moorjjjj longitude, latitude, right-ascension, déclination, pa-
rallax, and semi-diameter, (each to une place of décimais,)
for mean noon, and mean midnight. There is also given
the ujean time of the moon’s upper and lower culmination,
(to the tenth of a minute in time), as well as her right ascen-
sion and déclination (to the tenth of a minute in space);
together with the time of her rising and setting, the time
of her changes, and the time when she is in jfcrigee or
apogee.

At the end of thisjoint ephemeris of the sun and moon,
there is given for every tenth day of the year, the apparent
obliquity of the ecliptic, the parallax of the sun, the aber-
ration, and the équation of the equinoctial points (each to
two places of décimais); together with the place of the
moon’s node (to the nearest tenth of a minute).

Then follows an ephemeris of each of the Planets, in-
cluding the four newly discovered ones. The places of
Mercury and Venus are computed for mean time at noon
for every second day, and the remaining planets for mean
time at midnight for every fourth day of the year. The
columns contain the lieliocentric longitude and latitude of
the seven principal planets (to one place of décimais in the
seconds), the geocentric right ascension (to two places of
décimais), and the geocentric déclination (to one place of
décimais); the radius vector, and the logarithm of the dis-
tance from the earth (each to seven places of décimais) ;
together with the time of thei" rising, setting, and passing
the meridian. The computations of the four newly dis-
covered planets are not so minute, except at the time of
their opposition ; for which period a separate ephemeris is
given of the position of the planet for every day.
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W e have next an ephemeris of the time of the éclipsés
of Jupiter’s satclbtes (to oitet plaee of décimais); to which is
subjoined (for each satellite) a table for computing with the
greatest accuracy, not only the configurations at any mo-
ment, but also the position of the satellite with respect to
Jupiter at the time of its immersion or emersion. At the
end of these tables, we are presented with another epheme-
ris (computed for every fortieth day) of the apparent posi-
tion and magnitude of Saturn’s ring.

After this cornes a table of the mean places (for 1830) of
45 principal stars; the right ascensions to three places of
décimais, and the déclinations to two places of décimais.
From these are computed and given for every tenth day
of the year, the apparent places of the same stars (to two
places of décimais), with their différences. And we have
also the apparent places, for every day in the year, of
a and S Urs.cc Minoris. To the whole of which are annex-
ed formule for determlni ig the amount of the diurnal
aberration. Following these is given a table of the con-
stants A, B, C, D, for exery tenth day of the year, for the
purpose of determining the apparent places of any other
stars. It should however be remarked, that these letters
do not indicate precisely the same quantifies as are so de-
signated in the catalogue of the Astronomical Society : and
it should also be noted, that the numbers are adapted to
sidereal time. There is however anotlier table subjomed,
for the use of those who are disposed to adopt mean solar
time in these computations.

Next follows a particular account of ail the solar and
lunar Eclipses that will happen in the course of the year;
together vdth ail the necessary elements for computing
them. This is followed by three pages of the:principal
phaeaomena of the planets : such as the time of their perigee
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or apogee, their perihelion or aplielion, their greatest élon-
gation, their greatest latitude, their conjunction and oppo-
sition, their passing the nodes, their greatest brilliancy,
their proximity to the moon, and occultation thereby, &c.

Then follows a list of moon-culminating stars, occupying
seventeen pages; and (wliich is equally valuable) a list of
the occultations of ail the stars down to the 7th magnitude
inclusive, that will take place in the course of the year;
wherein the mean time of the immersion and emersion of
the star (to the nearest tenth of a minute) is given, as well
as the angle from the vertex of the moon at which the
phaenomenon will take place. To this list is subjoined
some auxiliary tables for computing the occultation more
'minntely, if required.

To the whole is annexed an Appendix, giving an account
of the mode in which ail the computations are made, and
die tables from which they are derived. By this excellent
plan, the observer can at any time verify any of the calcu-
lations, and detect any error which he may have cause to
suspect. The ncmes of the computers also are given, which
must materially tend to insure the accuracy of the work.

Such is the substance of the publication here alluded to,
which hasjustreached this country, and which does somuch
crédit to its distinguislied conductor. It should be liailed
as the harbinger of a général improvement in the mode of
arranging and forming the ephemerides of différent nations.
And allhough it is mortifying to reflect that this country
cannot (or will not) maintain its pre-eminence in these and
other scientific subjects, yet we should be grateful for infor-
mation wherever it can be found, and bope thatwe may be
able eventually to emulate the splendid example which has
thus been set us. M. Encke, disdaining the trammels of
former and less enlightened times, and relying on his own

22
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excellent judgement and abilities, has nobly and boldly
struck out a new path for himself, which there can be no
doubt will soon be followed by every nation pretending to
encourage the sc’ence of astronomy.

Indeed the présent work may be confider-cd as forming
a new e&ra in the science; and sometiiing might now be
done to place astronomy (as jf ought to be) on a better
footing in this country. And since ceconomy is the order
of the day, and has in fact been publicly declared to be
one of the causes of the dissolution of the late Board of
Longitude, why should we not follow up that system, by
getting rid also of the whole of the expense meurred 11
forminc the Nautical Almanasu This work is sokl in the
shops at Jive shillings; and it is said that the publ'sher is
allowed sixpence for.gvery copy that is sold. This, | am
aware, is a less profit than usual for publications in géné-
ral : but here the publisher runs no risk, and incurs no
expense, or even outlay of money : | believe lie does not
¢cven advertise the work. Let us suppose, however, that
lie is allowed a shilling foi every copy: thereMvill then
lemain four shillings for eacli copy, as a return to Govern-
ment towards defraying the cost and charges on the work.
This will raise (supposing the whole 7000 copies to be
sold) the sum of £1700. The charge of printing and
paper (even in the présent expensive way in which it is got
up) cannot amount to so mucli as .-£600 . and there would
then be left a sum of upwards of ,£800 to defray the charge
for computations ; which | présumé does not amount to any
thing like that sum

But, by a little attention to ceconomy in paper and print-
ing, and by &great deal of improvement in the work itself,
| have no doubt the sale might be increased to ten, or even
twenty thousand copies: in wnich case, theprofit would be
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manifest and considérable. And if tlie computers of tlie
Berlin Ephemeris could be mduced, for an adéquate ré-
munération, to adapt tlieir calculations to the meridian of
Greenwich, when they are computing their own ephemeris,
a furtlier and very considérable portion of the charge which
now attaches to the Nautical Almanac would be saved:
and we might tlius have au excellent work, at a very mode-
rate expense, which would be botli a savmg and an advan-

tage to tlie nation.






ERRATA.

Page Line

18 22 The quantity of the precession tliere stated is taken
from Laplace : it will be fourni to differ from that
deduced by M. Bessel, as given in page 104.

39 29 for '0011 read 'O11.

46 13 for 6793-39108 read 6798-279.

52 against 1833 for 0"36 read 9"36.

67 last line but one for 25. 12. 0 read 25d 12h0Om

87 17 after “ Latitude” add “ (minus when South) and at
the bottom add the following note : viz. The Longi-
tude and Right Ascension will always be in the same
quadrant, unless (a + eu) exceeds 90°: in which case

and vice versa.

88 6, 7and 8 for (A — V) read (A V), and add as a
note at the bottom of the page “ When X is greatchl
than A, the différence of the segments is equal to A,
and the sum of them equal to V.” See the note to
page 261.

89 5 for £+ P read jit+ P. And add as a note “ See
page 222 and 223.”

14 after Pdle, insert “ Which must be divided by 15 in

order to reduce it to time.”
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Page Line

93 passim for (L — D) read Z. And add at tlie bottoni
“ Z = the méridional zénith distance of the star.”
See pages 202 and 228.

— 12 after clock, dele “ which angle will change its sign
after the méridional passage of the star.”

—e 19 and 20 E and W sliould be expressed in mhmles of
time considered as integers.

95 5 for + -_—G——r, read — .
sin 2' sin 2™
101 5 See the additions to this formula in the Appendix,
page 273.
9 for 0",15 read 0",1G.
103 the second différences sliould be di1d1
11 for (h — 24) read (h — 0).

104 See tlie Appendix, page 271.

108 22 Tlie error in collimation sliould liave been defined
thus : ¢ = the error in collimation, plus when tlie
circle described by the optical axis of the telescope
falls to the east, and inhms when it falls to the
west.

109 16 for “ the second star” read “ the most northern star.”
These are not Professor Littrow’s words, but it is
évident that by adopting tnis language the resuit
will lead us to the proper sign to be employed for
eorrecting the error in azimutli ; wliicli, as it now
stands, will be ambiguous.

110 12 fory = + (4-cot p&c) ready = — (A-cot p&c).

114 at the bottoin insert “ e = the tabulai- expansion (for
1° Fahr.) of the nretal, of which the pendulum is
composed.”

115 4 for “ Ellipticity” read “ Eccentricity.”

131 at thebottom insert “ | f great accuracy is required, the time
sliould be further corrected by — 0S0127 sir.2]):
where D dénotés the moon’s true longitude.”
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I'age 1Jne

18® 1 Tlie title of Table VI would be more properly thus,
“ for converting interpals of sidereal time into inter-

vais ¢jfvmean solar time.” A similar correetion may
be.made to Table VII.

137 16 for %,S93 read 2,938.

140 3 for -1a208Gi,read '700801.

158 last line for “ 15,; sin Lat.” read “ 15ff cos Lat.”

173 opposit¢ 5'lipm for 7'4230 read 7'4530.

173 last line for 20,94720 read 20,04720. See however the
Appendix, page 271.

186 5 for 831 read.-,'382.

10 for 440 read 4>47.
21 for 040 read 047.
187 9 for 810 read 847.
200 18 for “when dewcasing” read “ when the sun is pro-
m ‘afceding towards the soutli.”

208 3 add as a note “ When r is négative, we must take the
aritlimetical complément of the logarithm denoted
by -000010053 r.”

207 80 for— b.cos(O + B — A)tanD

read — b.cos(Si+ B — /A)tanD + e.

208 .8 for — b.sin (© + B — Aj)

read — b.sin($, + B — A)

209 18 for “ contain” read “ express.”

218 23 for “ the read “ tli*rKt of the meridian.”

20 for “ the true A of the sun for mean noon” read “ the
“ correct Tt-of the meridian for mean noon, reckoned
“ from the apparent equinox.”

220 15 dcle “ (wliicli is always imnus)".

227 17 The logarithm of the sine of 19° 48' has been erro-
neously taken instead of the tangent: which slightly
alects the resuit.

228 As anot»o tliis.Problem, it may be remarfeed that the

observations of altitude ought to be discontinued
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.rage jume
when the change of altitude in one second of time
amounts to one second of space.

234 7 and 9 prefix the sign -J- to tlie logarithms.

It may be proper here to State, that it was omitted to be

mentioned, that in the example for afixed obsena-
tory the latitude was assumed equal to*50° 0' 10",
in order to show that an error even of 10" in the
assumed latitude, would not make any différence in

the resuit.
242 3 for + ————read + ¢
15 cos S 15 cos J’
245 S fnr U&A0O 8fi 40 Q

usl 022 C UFGGITI-
263 14— 16 this remark belongs to Example 1: see tlie erra-
tum to page 87.
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