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TO

THE KING.

SIR,

IT is the privilege of real greatness not to
be afraid of diminution by condescending to
the notice of little things; and I therefore
can boldly solicit the patronage of your -Ma-
jesty to the humble labours by which ¥
have endeavoured to improve the instru-
ments of science, and make the globes on
which the earth and sky are delineated less
defective in-their construction, and less dif-

ficult in their use.

Geography is in a peculiar manner the
science of princes. When a private student
revolves the terraqueous globe, he beholds
a succegsion of countries in which he has
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no more interest than in the imaginary
regions of Jupiter and Saturn. But your
Majesty must contemplate the scientific
picture with other sentiments, and consider,
as oceans and continents are rolling before
you, how large a part of mankind is now
waiting on your determinations, and may
receive benefits or suffer evils, as your in-

_fluence is extended or withdrawn.

The provinces which your Majesty’s arms
have added to your dominions make no in-
considerable part of the orb allotted to hu-

. man beings, Your power is acknowledged
by nations whose names we know not yet
how to write, and whose boundaries we
cannot yet describe. But your Majesty’s
lenity and beneficence give us reason to ex-
pect the time when science shall be advanced
by the diffusion of happiness; when the
desarts of America shall become pervious
and safe, when those who are now restrained
by fear shall be attracted by reverence, and

multitudes who now range the woods for
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prey, and live at the mercy of winds and
scasons, shall, by the paternal care of your
Majesty, enjoy the plenty of cultivated lands,
the pleasures of society, the security of law,

and the light of Revelation.

I am,
SIR,

Your Masesty’s

most humble,

most obedient,
and most dutiful
Subject and Servant,

GEORGE ADAMS.







TO

THE PUBLIC.

DEEMING it proper to offer my reasons for reprinting
this work in its present shape, 1 beg first to premise, that it
has been my wish in this instance to give it according to
the original text, with the exception of a few nofes, that it
may possess the merit of being the genuine production of my
Father, viz. of George Adams, Sen.; who died in the year
1773. As a tribute due to his memory, it is but justice to
say, that, for its plain unadorned language, perspicuity of defi-
nition, and copiousness of illustration, it has been rarely ex-
celled, I believe never as an Elementary Treatise; in proof of
which, it1s only necessary to adduee the fact that even at this mo-
ment the work is sought after with as gredt avidityas formerly.

My Brother, the late George Adams, (who resigned his
breath in the year 1795), treading in his Father’s steps as an
Author, reprinted and published the same work for many
years, together. with several of his own ; by which he ac-
quired the deserved approbation of a discriminating Public ;
and, such was his worth among a wide and extended  circle
of Friends, and in the scientific world, that his demise was
considered a national loss. Having paid the debt of nature,
his stock in trade, together with a valuable library (collected
by my Father and himself during a period of 60 years), the
copyrights of his own works, with those written by my
Father also, were all sold by public auction, Over these and
other events that occurred at this period, T will draw the veil,
since to recapitulate them would neither be interesting nor
useful to the Public, and would only serve to bring back to
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recollection circumstances that were not only unpleasant, but
prejudicial and injurious to me; suffice it to say, that, from
the respect - I owed to the memory of my Brother, though [
possessed at the time they were sold an inherent and exclu-
sive right to all my Father’s works, 1 offered no bar to, or in
anywise prevented, the sale of them. This wark was there-
fore disposed of among the rest, and falling into other hands,
it passed through several editions. 'While it continued to be
regularly reprinted as each edition was sold, and the Publig
and myself * suffered no disappointment from the want of it, T
was perfectly indifferent as to who or what person was the
Publisher; but when it became neglected, and was omitted to
be published for nearly three years, I felt not only that I was
called upon to publish it, but that to withhold it any longer
from the Public wonld be to incur censure myself, which I
trust I shall ever, ashitherto, have judgment enough to avoid.
With the utimest deference therefore, 1 submit this work, the
honest labour of my Parent, thoughlong deceased, to a gener-
ous and discerning Pablic, If it were necessary to advanee
facts to proye the truth of my assertions with respect to my right
to publish it, T have only to state that shortly after the decease
of ‘my Brother, I was put in possession of all my Father’s
manuseripts, which are numerons, They were the genuine
and free gifi of my Mother, and were accompanied with the
original copper-plates, both for the work on the Globes, and
that on the Microscope ; the cuts therefore, that have been
affixed to those two works, published by others for the last
15 years, will be found to be copies from my plates ; and the
Public will in their judgment decide as to their superiority or
inferiority. :

I may at some future time lay before the Public the original
octavo work on the Microscope, + published also by my Father,
with the plates, 60 in number, which have for many years

* T say myself, because it was particnlarly adapted to and written fog
Adams’ Globes, which are manufactured by me.

+ Intitled His Micrographia Ilustrata; or the Micrescope explained.
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remained dormant in my closet; but for the present 1 shall
content myself with publishing this work, and hope the price
will' be considered very moderate, not wishing so much to
derive emolument from the work, as to give to it the greatest
publicity possible.

I have prepared a Catalogue of Philosophical Instruments,
of a far more detailed and descriptive kind than is usual, and
comprising more articles than any other hitherto published,
which T beg leave to offer also to the notice of the Public to-
gether with the work alluded to ; and remain,

With the greatest respuct,
Their devoted and most obedient Servant,

DUDLEY ADAMS,

FLEET-STREET,
Oct, 99, 1810.







PREFACE -

e e—

’l‘HE connection of astronomy with geography
15 so evident, and both in conjunction are so ne-
cessary to a learned education, that no man will
be thought to have deserved ill of the republic of
letters, who has applied his endeavours to throw
any new light upon such useful sciences. And
as the pheenomena of the earth and heavens can
be adequately illustrated only by the mechanical
contrivance of globes, whatever improvement is
made in these must deserve regard, in proportion
as it facilitates the attainment of astronomical and
geographical knowledge, *

* Considerable improvements having been introduced into the
construction of Adams’s globes, it may not be improper to state in
this place the ground on which the same was attempied, The Abbe
Vinson, Professor of Astronomy, Teacher of the Globes, the Mathe-
matics, &c, having for a considerable time admitted the great utility
and superiority of the mode of mounting globes invented by my Fa=
ther, constantly teaching thereon, in preference to any other con=
struction, suggested to me the propriety (with a view to render them
still more complete) of making several additions to the appendages
of those globes. Suffice it tosay, for the present, that with due ate
tention to the object it view, and some perseverance in the execu-
tion of the yarious contrivances that were necessary to be made,
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As to maps and all projections of the sphere
in plano, their use is more difficult than those of
the globe, of which indeed they are only so many
pictures ; nor can they be thoroughly understood
without more skill in geometry than is commonly
possessed, by beginners, for whose use the fol-
lowing treatise is priocipally designed ; though it
also contains some observations, which I hope will
not be altogether unacceptable to a more learned

reader.

The globes now offered to the public, are of
a construction new and peculiar; they are con-
trived to solve the various pheenomena of the
earth and heavens in a more easy and natural
manner than any hitherto published, and are so
suspended that the student may elevate the south
pole ; a thing impracticable in the use of common

globes.

That agreement - too, which is here pointed
out between the celestial apd terrestrial sphere,

the same has been effected under my imimediate instructions, and
the globes thus newly mounted according to the Abbé Vinson's plan
are respectfully submitted to the inspection of the public. They
may be seen during the hours of business at my house, and the
public are further informed that the Abbé is engaged.in preparing

a treatise thereon,

D. A,
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will be found to open a large field of geographical
and astronomical knowledge ; and will afford both
instruction and amusement to every unprejudiced
inquirer. This correspondence arises from a com-
parison of one globe with the other, or of the dis-
tances of different places on the earth’s surface,
with the relative distances of such fixed stars as

answer to them in the heavens.

By these steps of science, the mind of man
may be raised to the contemplation of the divine
wisdom, which has so adjusted the proportion of
days, months, seasons, and years, in the different

parts of the terraqueous globe, as to have distri-
buted with an impartial hand, though after a man-

ser wonderfully various, an equal share of the sun’s

light to every nation under heaven.

By these globes, with little or no experience in
astronomy, may be seen how the moon changes
her place every night, by observing her position
with respect to any fixed star, and how she proceeds
regularly from it to the eastward ; as the several
planets also may be observed to do, some more
slowly than others, as their orbits are more or less
remote from the center of the system; while the

6
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regularity of their motions, strictly conformable
at all times to the laws of their Creator, exhibits
a striking pattern of obedience to every rational

spectator.

But it will be proper in this place to inform the
reader what he is to expect-in the globes, and in
the following treatise intended to accompany and

éxplain them,

The superior accuracy with which the plates
are drawn and engraved will, it is hoped, appear
to competent judges at the first sight ; for the per-
fecting of which no expence of time or labour
hath been spared. The celestial globe is improved
by the addition of. several thousand stars more
than have appeared upon any globe hitherto pub-
lished ; all the latest -discoveries in geography
and astronomy are in both of them strictly fol-
lowed, and many new lines and circles are in-
scribed, the use of which will be fully explained

hereafter.

In the treatise, we have made choice of that
method of finding the times of equinos, which
is the most modern and simple; and which per-
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haps gives the truest mean length of a tropical
year ; that the young student may with greater
ease and pleasure be made acquainted with the first
principles, and from them be carried on to the more
abstruse parts of astronomy.

* To render this book as extensively useful as
possible, I have endeavoured, with all the clear-
ness I am master of, to express both my own and
the sentiments of other authors on the same sub-
ject; and I think it my duty to acknowledge the
assistance I have received in the course of this
_work, as well from books, as from some worthy
friends ; as I would not willingly incur the imputa-
tion either of plagiarism or ingratitude. If there
should appear to be any defects, to which every
human work is liable, the reader, I hope, will
make some favourable allowance for the undertaker
of a task so complicated and laborious, and correct
my errors for himself as well as he is able,

N. B. When the reader is hereafter directed to
apply @ card, or the edge of a card, to any part of
the globe, it is to be understood that he should cut
a card of any kind, exactly in the size and shape of
ABCD, fig. 4, for the globes of eighteen inches

£i. 2
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diameter ; and of the size and shape of EF G H,
for those of twelve inches diamecter; thien, if the
arch BC, or F G, are dpplied to the surface of
their respective globes, the lines AB, or CD,
ET, and GH, will become radii from the center
of the globe. It is frequently required to know
what point upon the strong brass meridian. or
broad paper circle, exactly answers to a given point
upon the globe, and as this cannot be well known
by inspection, on account of the necessary distance
of these two circles from -the surface, if the corner
B or I be applied to the given point upon the
globe, the edge of the card will exactly mark the

degree or part of the degree required.

For elevating the pole exactly, the card is to be
* laid upon the broad paper circle, and its edge ap-
" plied to the strong brass meridian, by which means
the degree, and parts of a degree, may be ascer-

tained with sufficient accauracy,
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A
COMPREHENSIVE VIEW

OF 'THE
SOLAR SYSTEM.
o R e

ASTRONOMY, which is deservedly esteemed the
most noble and exalted branch of human literature,
regards the various pheenomena of those heavenly
bodies, which the invention of carious instruments
hath brought within our observation, from the sur-
face of the terrestrial glohe,

It discovers to us their situation, magnitudes, dis-
tances, and motions ; and enables us to determine
with precision the length of years, months, and
days, and to account for the vicissitudes of the sea-
sons ; and, in a word, explains whatever falls within .
our consideration, as the proper subject of this useful o
and-interesting study. '

THE SOLAR SYSTEM

1. Consists of the sun, (from which it receives its
denomination,) six primary, ‘ten secondary planets,
and the comets. These, with that collection of in-
numerable spherical bodies which compose the uni.-
verse, are called the system of the world ; all which
appear to the inhabitants of the earth, as if they were
within one and the same concave sphere.

b B :
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A Comprehensive View

2. The Copernican, or solar system, supposes the
sun in the centre, having a motion round its axis,
which is completed in about 254 days. This motion

was discovered by the revolution of those spots

which are frequently seen in its dise, and are sup-
posed to adhere to its surface ; and its axis is inclined
to the plane of the ecliptic in an angle of about 874
degrees.

3. The six primary planets move round the sun in
their respective elliptical orbits, from west to east, at
different distances, and in various periodical times,
Their names and characters, in ‘the order in which
they revolve about the sun, are expressed in fig. 2,
and are as follow :

Mercury, Venus, The Earth, Mars, Jupiter, Saturn.*
g £ <] 3 Yy i

-4, The planets are distinguished from the fixed
stars, by their motion, and the steadiness of their
light. The apparent diameter of the fixed stars is so
small, by reason of their immense distance, that every
small atom floating in our atmosphere intercepts

é: 7Mﬂfﬁﬁ'_‘l_igi—1t, and causes t}ié—{ﬁ)\to twinkle. But that of

the planets being greater, as they are nearer to us,
they shine with a steady light.
5. The fixed stars keep their places and distances

% Uranus, or the Georgian planet was discovered by Dr. Her-
schel in the year 1781. It had been seen by Flamsteed and other
gstropomers, but not distinguished from the fixed stars, It revolves
round the sun in 81 years and 29 days, Its synodical revolution
is 370 days. Its motion begins to be retrograde when, previous to
the opposition,_the planet is about 105° {rom the sun; its retro-
grade motion continnes about 142 days, it is appatently stationary
ten days, and its arc of retrogradation is about 4°.
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of the Solar System. 3

with respect to each other, but the planets change
theirs from one part of the heavens to another.

6. Some of the primary planets are attended with
smaller, called secondary planets, moons, or satellites.
Our earth is attended by the moon ; Jupiter by four,
and Saturn by five satellites; the nine last are not
visible without the assistance of a telescope.

7. The observation of comets, seen sometimes
within the limits of the solar system, hath been
hitherto so imperfect, that we shall only take notice
for the present, that they are supposed to move
round the sun, in very eccentric orbits, and appear
to us only when they are in that part of their orbit
nearest the sun: they move in various directions and
inclinations ; the lower part of one of these orbits is
represented in fig. 2.

As the sun has a number of planets and comets

moving round him, so every fixed star is supposed to
be a sun, and to have a system of its own.

THE ORBITS OF THE PLANETS.

8. The path described by a planet in its motion
round the sun is called its orbit. In fig. 2, their
several orbits are represented by concentric circles :
the paths which they describe are elliptical, and the
sun is in one of the foci. Infig. 3, ATPV is an
ellipse, AP its transverse, VT its conjugate diame-
ter, S and N are its two foci, C is the centre of the
ellipse ; the distance between CS or CN is called
the eccentricity.

9. The orbit of every planet is in a plane passing
through the sun, which planes are inclined to one
another: thus in fig. 4, let A B CD represent the
earth’s orbit, or plane of the ecliptic; this is taken

B2
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for a standard, from which the inciization of each
orbit of the planets, as E D F B, is measured. The
inclination of the orbit of Mercury-is 7°, that of Ve-
nus 3° 24°, of Mars 1° 51/, of Jupiter 1° 1¢/, of Sa-
turn 2° 30°.%

10. To a spectator from the sun, the planes of the
orbit of each planet produced to the fixed stars would
mark, in the celestial sphere, their several inclined
heliocentric orbits ; their passage through these is
their heliocentric motion.  These extended plaies,
to a spectator on the earth, mark out in the starry
sphere their geocentric orbits: and their apparent
motion through these, is called their geocentrie
motion.

11. The latitude of a planet seen from the carth,
is called its geocentric, if seen from the sun, its he-
liocentric, latitude.

THE NODES OF A PLANET'S ORBIT

12. Are two points in which it intersects the plane
of the ecliptic. In fig. 4, ABCD is the plane of the
ecliptic; EBFD is the orbit of a planet, in which
the points B and D are the two nodes. B the ascend-
ing, D the descending node; the poiut E is called
its greatest northern, and F its greatest southern
limit,

13. The line of the nodes isa line BD drawn
through the sun from ove node to the other.

A planet, seen from the earth, never appears in
the ecliptic, but when it is in one of its nodes: in
all other parts of its orbit it has geocentric latitude.

THE INFERIOR PLANETS
14. Are Mercury and Venus ; they are called in-

* And of Herschel 0° 46",
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ferior, because their orbits are included within that
of the earth ; see lg. 2.

MERCURY

15. Moves round the sun in 87 d. 23 h. 16 m.
which is called his periodical time. If we call the
mean distance of the earth from the sun 1000, the
mmean distance of mercury is 387, his eccentricity 8o,
No spots have yet been observed in Mercury ; there-
fore it is not certainly known whether he turns about
his axis or not; but it is most probable that he
does.*

VENUS

10. Performs her revolution round the sun in
224 d. 16 h. 49 m. which is called her periodical
time; her mean distance is 724, and her eccentricity
5 5 her motion about her axis is performed in 24 d.4
8 h. according to Bianchini; and the inclination of
her axis to the plane of the ecliptic, is 15 deg.f

17. The greatest distance of the earth, or of any
planet from the sun, is called its aphelion or higher
apsis; its least distance is called the perihelion, or

% The orbit of Mercury being elliptical and more.eccentric than
any of the other planets, ils distance from the sun is very. varia-
‘ble, its greatest distance being 46,665, its least 30,754. Its
orbit revalves in its own plane with a very slow motion, the point
nearest the sun ealled the Perihelion moving 1° 57" 20" accord-
g to the arder of the signs, ina century, The nodes, or points
of its intersection with the ecliptic, move westward or contrary to
the order of the signs 43”7 in a year. Mercury is estimated to be
a little more than. one third as large as the earth,

+ The magnitude and difirnal rotation of Venus are supposed ta
differ but little from those of the Earth. o

+-The line of the apsides of this planet, or greater axis of the
ellipse, has a slow motion eastward of 2° 44" 46" in a century;
Aod its nodes move in a contrary divection 317 annually,
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lower apsis. Thus in fig. 3, A is the place of the
aphelion, P that of the perihelion. The axis P A of
any planet’s ellipsis is called the line of the apsides;
the extreme points of its shortest diameter TV, are
the places of its mean distance from the sun; and
ST, or SV, the line of its mean distance.

18. A planet is said to be in conjunction with the
sun, when its apparent place, seen from the earth, is
in or near the sun’s place ; it is said to be in oppo-
sition, when the earth is between the sun and
planet.

A C’mnprehe'n.s-z've View

THE ELONGATION OF A PLANET

19. Isits apparent distance from the sun, as seen
from the earth. A planet has no elongation when in
conjunction with the sun; in opposition, it has 180
deg. Infig. 5, t'Tt represents a part of the earth’s
orbit ; T the earth, S the sun; A CE an arch of the
starry sphere, and d the place of Venus in her orbit.
‘A spectator upon the earth at T would refer the
sun’s place to those fixed stars at C, and that of
Venus to those at D; in this case the angle C T D
is the apparent distance between the sun and Venus,
and is called the angle of elongation.

20. An inferior planet may be in conjunction with
the sun in two situations; first, when it is between
the earth and the sun, called the inferior conjunc-
tion; second, when the sun is between the earth
and planet, called its superior conjunction; but it
can never be in opposition to the sun.

21. The greatest elongation of an inferior planet
is when a line TE, drawn from the earth at T,
through the planet at e, is a tangent to the orbit of
the planet.
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» 22, As an inferior planet moves from its greatest
elongation at a, fig. 5, through ¢, its superior con-

- junction, to e. its greatest elongation on the other
side of the sun, 1ts geocentric motion is direct.

23. When the earth is at T, Venus at a, a specta-
tor at T sees the planet at a, in the line T a A among
the fixed stars at A: when the planet is cometo b,
it appears in the line T b B, or amongst the stars at
B; at e, it is in its superior conjunction, and seen
among the stars at C; at d, it appears among the
stars at 1D ; and when it arrives at e, it appears among
those at E. 1n this motion, Venus appears to de-
scribe the arc ABCDE, in the concave sphere of
the heavens: and as these letters are in the same
direction with abcde, which express the planet’s
motion round the sun, its apparent motion seen from

the earth is therefore direct, from west to east, or
according to the order of the signs.

24. An inferior planet passing from e, its greatest
elongation, through f, its inferior conjunction, to a,
its greatest elongation on the other side of the sun,
its geocentric motion is retrograde.

As Venus is moving from e to n, she appears in
the line T nd D, and is seen among the stars at D ;
when she comes to f, her inferior conjunction, she
appears amongst the stars at C; at m, she is seen in
the concave sphere at B; and when she is at a, in
her own orbit, she appears at A, in the heavens.
Hence, as the planet passed through enfma, in its
natural motion, its apparent motion was backwards,
through E D CB A, or contrary to the order of the.
signs.

25, When the inferior planets are at their greatest
elongation, they appear stationary, or continue in
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the same place for some time, before their motion
changes from direct to retrograde, or from retrograde
to direct again.

The time of the retrogression of Venus is about
40 days, of Mercury, 18 days.

26 In order to have a clear idea of the apparent
motion of a planet, conceive the lines Ta A, T b B,
&c. to move with the earth; so that the points
enfma, whilst the earth performs its revolatian,
may run through the orbit of the planet.

97, The inclination of the orbits of the planets to
the plane of the ecliptic is the cause why they do
not scem to move in the ecliptic line, but are some-
tiines above, and at others below it. In fig. 6, let
N VN Q be a circle in the plane of Tt the ecliptie,
and N A N, the planet’s iuclined orbit, S the sun,
the earth at T, and the planet at ‘A ; if the short line
V A be imagined perpendicular to the plane of the
ecliptic, and to pass through the planet at A, the
angle VT A, is the latitode of the planet, which is
called the geocentric latitude, to distinguish it from
the heliocentric latitude, as seen from the sun, which
is represented by the angle ASV.

28. When a planet is in the node at N, it appears
in the ecliptic line; as it recedes from thence its
latitude increases ; and this is different, according to
the sitoation of the earth; so that the latitude is
greater when the earth is at T, and the planet at A,
than when the earth is at t, and the planet at V.

29, A planet is said to be in quadrature when it is
g0 deg, distant from the sun; the inferior planets
cannot be in quadrature, as their greatest elongatidn
can never be a right angle ; therefore they never ap-
pear far from the sun; for Venus and Mercury arg
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ouly seen in an evening towards the west, soon after
sun-set, or a little before the sun rises in the morn-
ing. The greatest elongation of Mercury is 33 deg.
and of Venus 48 deg.*

30. As Venus moves from her superior to her in-
ferior conjunction, she sets after the sun, and is called
the evening-star ; and as she is moving from her in-
ferior to her superior conjunction, she rises before the
sun, and is called the morning-star.

31. The sun, being larger than any planet, en-
lightens a little more than an hemisphere ; and as we
can only see half a planet at once, that hemisphere
which we see is called the disc of the planet. The
inferior planets are not visible to us, when in their
inferior .conjunction, but their whole dise is illumi-
nated in their superior conjunction : and when they
are in one of their nodes, they appear on the disc of
the sun like a black spot ; and this is called a transit
of the planet across the dise of the sun. As the en-
lightened hemispheres of .the inferior planets are
sometimes more, at others less turned towards the
earth, they appear through a telescope to have all
the phases of the moon.

32. When Venus is the evening-star, her horns
are turned towards the east, and the sun sets hefore,
and to the westward of her. When she is a morn-
ing-star, her horns are turned towards the west, and
the sun rises after, or to the east of her; in both
cases, the horns are always turned from the sun,
When she is at her greatest elongation, half the en-
Jightened hemisphere will face the earth, and her disc

# These greatest elongations vary much at different times, from
the elliptic pature of the orbits; thase of Mercury vary from 98°
40" to 18°%; those of Venus from 48° to 45%,




10 A Comprehensive View

appeats as the moon does in the quarters ; but when
ift any part between that.and her inferior conjunction,
she appears horned, and between her greatest elon-
gation and superior conjunction, her appearance is
gibbous.

33. What has been said of the planet Venus, is
also true with respect to Mercury, with this differ-
ence, that he is direct, stationary, &c. so much more
frequently, as his revolutions round the sun are per-
formed in a shorter space of time.*

THE EARTH.

84. The apparent motion of the sun, arising from
the earth’s annual motion in its orbit, is as follows:
In fig. 7, S represents the sun, T the earth in its
orbit T't, and R Q the concave sphere of the fixed
stars. Whilst the earth is moving in its orbit from
T to t, the sun seems to move through the starry
arch from Q to R, which measures the angle R 5@,
equal to the angle T Sit, 50 that the celerity of the
apparent motion of the'sun depends upon the cele-
tity of the angular motion of the earth, with respect
to the center of the sun. In a whole revolution of
the earth, the sun also seems to run through a whole
circle.

35. The earth moves round the sun between the
orbits of Venus -and Mars, in 365 d. 5h. 40 m.
Besidesthis annual motion, it turns round its own axis
in 24 solar h.; its axis is constantly inclined in an

# The interval between two'successive conjunctionts of Mer-
cury is about 115 d. of which 93 arc progressive and 22 retro-
grade,

‘ The interval between two conjunctions of Venus is about 534
days, during 542 of which her metion is progressive.







P T il
[
|
|
i
:
) E |
0 Colure IRV
: T
| Be =
i = |
p-‘ = {
)

Goodactg/t .J.-‘/.'.‘:-“
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angle of 664 deg. to the plane of the earth’s orbit, or
the ecliptic, and keeps continually parallel to itself in
every part of its revolution.

In fig. 8, S represents the sun, ABCD the orbit
of the earth ; in the periphery of which, the centre
of the earth is carried round the sun, according to
the order of the signs, or in consequentia. Y S =
represents the equinoctial colure, o5 S V§, the solsti-
tial colure; the circle in each, abecd, represents
the earth in the four cardinal points of its orbits in
which dc separates the enlightened part cbd of the
earth’s disc, from d a ¢, the obscure part of it.

The plane of the earth’s annual orbit, ABCD,
extended every way to the sphere of the fixed stars,
would describe the celestial ecliptic, which would
coineide with the terrestrial ecliptic, here represented
by each of the circles abed; in which e, is the
pole of the echpttc P the pole of the world, or of
the equator : in all these projections, @ is the equa-
tor, t the tropic of Cancer, L the path or vertex of
London ; and the circles cutting each other in P, the
poie of the world, are circles of right ascension
in the celestial, and of longitude in the terrestrial
sphere.

36. As the sun always enlightens one half of the
earth’s globe at the same time, the line dc, that
divides the illuminated from the obscure part of the

earth’s disc, is called the edge of the disc.

Pa, Pd, Pb, Pc, represent so much of the earth’s
axis as falls within these projections; these may be
called the line of direction of the earth’s axis, which
is constantly carried round the aunpual orbit, always
parallel to itself.

37. The inclination of the earth’s axis will be
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better understood by observing fig. 9, in wlhich
A BCD represents the earth’s orbit, scen st a dis-
tance ; the eye supposed to be elevated a little above
the plane of it. The earth is here represented in
the first point of each of the twelve signs, as marked
in the figure, with the twelve months annexed: e
the pole, and ed the axis of the ecliptic, always per-
pendicular  to the plane of the orbit. P the north
pole of the world, P m its axis, about which the
earth’s daily motion is made from west to ecast.
PCE shews the angle of its inclination, which pre-
serves its parallelism through every part of its
orbit,

38. When the earth is in the first point of Libra,
the sun then appears in the opposite point of the
ecliptic at Aries, about the 22d of Scptember, N. S,
and when the earth 15 n Aries, the sun will then
appear in Libra about the 1gth of March; at which
tine of the year the edge of the enlightened henis-
phere s parallel to the solstitial colure, fig. 8, and
passes through the two poles of the world, dividing
every parallel to the equator into two equal parts;
whence the diarnal parallel of every inhabitant on
the surface of the earth will, at either of these sea-
sons, be half in the illuminated, and half in the ob-
scure part of the earth; consequently the day and
night will be equal in all places.

30. Conceive the earth to have moved from =
Libra to ¥§ Capricorn, its line of direction keeping
its parallelism will now coineide with the solstitial
colure, fig. 8, and the edge of the disc will be per-
pendicular thereto, and pass through e, the pole of
the ecliptic. In this situation of the earth, all places
within the northern polar circle are illuminated
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thronghout the whole diurnsl revolation; at which
time their inhabitants see the sun longer than 24 h.;
but those which lie under the polar circle toueh the
edge of the disc, and therefore their inhabitants only
see the sun skim quite round their borizon at its first
appearance ; Cvery other parallel intersects the edge
of the dise; and as the illuminated part of each is
much preater than the obscure part, the days are
consequently at this season, of the sumimer solstice,
which happens about the 21st of June, longer than
the nights, While the earth is moving from Libra,
through Capricorn to. Aries, the north pole P, being
in the illuminated hemisphere, will have six months
continual day 5 but while the earth passes from Aries
throngh Cancer to Libra, the north pole will be in
the obscare part; and have continual night; the south
pole of the globé at the same time enjoying con-
tinval day.

40. When the earth is at Cancer, the sun appears
at Capricorn. At this season the nights will as much
exceed the days, as the days exceed the nights, when
the earth was in the opposite point of her orbit; for
the nocturnal arches, or obscure part of their paths,
are liere equal to the illuminated parts, when the
earth was at Capricorn; and the illuminated part
is here no more than the obscure part was in that
place.

OUR SUMMER 15 NEARLY BIGHT DAYS LONGER THAN
THE WINTER:

A1. By summer, is meant the time in which the

earth is moving in her orbit from the vernal to the

antumnal equinox ;*and by winter, the time in which

———— e &

1‘
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it is passing from the autumnal to the vernal equi-
nox. ' Upon the globe it is evident: that the ecliptic
is divided into six morthern and six southern signs,
and that it intersects the equator at the points marked
Y and <. In our summer, the sun’s apparent mo-
tion is through the six northern, and in winter
through the six southern signs ; yet the sun is 180 d.
11 h. 51 m. in passing through the six first, and
only 178 d. 17 h. 58 m. in passing through the six
last. - Their difference § d. 17 h. 53 m. is the length
of time by which our summer exceeds the winter.
42, In fig. 16, ABCD represents the earth’s
orbit ; ‘S the sun in one of its foci: when the earth
is at B, the sun appears at H in the first point of
Aries ; and whilst the earth moves from B, through
C to D, the sun appears to run through the six
northernsigns, ¥ 8 Il & Q M to=atF. When
the earth is at D, the sun appears at F in the first
point of Libra; and as the earth moves from D
through A to B, the sun appears to run through the
six southern signs, ==  V§ & ¥ to Aries at H.
Hence the line F H, drawn from the first point of
Y, through the sun at S, to the first point of ==,
divides the ecliptic into two equal parts; but the
same line+ divides the earth’s elliptical orbit ABCD
into two unequal parts, (the sun not being in the
centre, but in one of the foci of this orbit;) the
greater part B CD, is that which the earth describes
in summer, whilst the sun appears in the northern
signs ; the lesser part is D A B, which the earth de-
scribes in winter, whilst the sun appears in the
southern signs. C, the earth’s aphelion, where it
imoves the slowest, is in the greater part; A, its
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perihelion, is in the lesser part, where the earth
moves fastest.*

43. The sun’s apparent diameter is greater in ounr
winter than in summer, caused by the earth being
nearer to the sun, when iniits perihelion at A in winter,
than it is in the summer, when in its aphelion at C;
which is its greatest distance. The sun’s apparent
diameter in winter is 32'm. 47 sec., in summer 31 m,
40 sec,

If the mean distance of the earth from the sun be
called 1000, its eccentricity will be 17 ; its greatest
distance 1017, and its least distance 988,

THE SUPERIOR PLANETS.

44. The apparent ‘motions of the superior planets

* We thus see the reason why the seasons are of unequal length;
for the summer and winter months can never be equally divided
but in the particular case of the coincidence of the petibelion of
the earth’s orbit with one or other of the equinoxes. The peri-
helion does not remain stationary when once determined, but has
a progressive motion in the ecliptic according to the order of the
signs, performing a complete revolution in about 20,000 years. 1t
is a remarkable circumstance that this coincid nee of the peribe-
lion and aphelion, with the equinoctial points, took place about the
period at which chronologists place the creation of the world, or
about 4000 years before the christian eera : in consequence of this,
the heat and light of the sun was then equally divided between the
two hemispheres of the ierrestrial globe, but as the perigee con-
tinued Lo advance on the ecliptie, the northern hemisphere gra-
dually obtained the greatest share, and about the year 1250 the
difference was s maximum, since that period it has continued to
diminish by insensible degrees, and will do so till the year 6470,
when a perfect equality will again subsist between the two hemis-
pheres, after which the southern hemisphere will obtain the ad-
vantage of having the greater share of the heat of the sun, which
advaniage it will continue to possess for a similar petiod of 10,000
years.

1
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agree in many respects with those of the inferior
ones, which have been already explained.

MARS, JUPITER, AND SATURN,

Are called superior planets. See fig. 2.

A45. If the mean distance of the earth from the
sun be called 1000, the mean distance of Mars is
1523,* its periodical time 686 d. 23 h., its eccentri-
city 141, and it turns round its axis in 24 h. 40m.
The planet Mars appears much larger and brighter
when it is in opposition to the sun, than when itis in
conjunction with him. Mars appears gibbous, when
it is in quadrature, but full and round in conjunction
or opposition.

46. Jupiter is the largest of all the planets, see fig.
13, he revolves in 0 li. 50 m. about his axis, which
is nearly at right angles to the plane of his orbit, in
which he moves about the sun in somewhat less than
12 years, or 4332 d. 12 h. His mean distance from
the sun is 5201, and eccentricity 250. Several spots
have been seen on Jupiter’s surface, which appears to
he surrounded by several belts, or girdles, parallel to
his equator : these vary in breadth and distance from
one anether. See fig. 13.

47. Saturn is the farthest of all the planets from
the sun ; his mean distance is 0538, eccentrieity 547 ;
he is 20L years in moving through his orbit round
the sun, or 10759d. 7 h.f It is not yet known

% The time of its synodical revolation or period between twe
opposiliﬂﬂﬁ is 780 d. of which it is 707 d. progressive, and 73 re-
trograde ; its arc of retrogradation varies from 10° to 18°-

+ The diameter of Mars is about half that of the carth.

f It is the opinion of Dr. Herschel that Satarn revolves on ifs
axis in 10 h. 16 m., and that its ring revolves in 10h.32m. ; the
ring is likewise now known o be double or to consist of two con-
gentric rings.
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whether Saturn turns round his axis or not; but he ,
is attended with a broad thin ring, as represented in ‘
fig. 12. The edge of this ring reflects little or none |
of the sun’s light to us: the planes of it reflect the ‘
light of the sun in the same manner in which the
planet does. The plape of the ring is inclined to
the plane of the ecliptic at an angle of about 31 deg.
If we suppose the diameter of Saturn to be divided
into four equal parts, the diameter of the ring will be
about nine such parts. _The distance of the jumer
edge of this ring, from the body of the planet, is
equal to the breadth of the ring. Through this
space, between the planet and his ring, the fixed stars
may sometimes be seen.

48. The plane of Saturn’s ring is parallel to itself
in every part of its orbit.  If the plane of the ring be
produced to the sphere of the fixed stars, it will cut
Saturn’s heliocentric orbit in two opposite points,
called the nodes of the ring. As Saturn passes from
the ascending to the descending node of his ring,
the northern side of the plane of the ring is tarned
towards the suny as it moves from the descending
to the ascending node of the ring, the southern side
of its plane is towards the sun. When Satarn’s ring
appears elliptical, as in fig. 12, the parts about its
longest axis reaching beyond the planet’s disc, are
called ans@, which a little before and after the dis-
appearance of the ring, are unequal in magnitude.
When Saturn is in the heliocentric place of either of
the nodes of his ring, its plane produced passes
through the sun, and then the ring becomes invisible
to us.*

# The ring may likewise disappear from two other causes : itg
plane may pass through the place of a spactatoron the earth, when,
c
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The superior planets are sometynes in.conj unction
with the sun, sometimes in quadrature, and some-
times in opposition. ‘

40. When. the earth is in sach a station, that a
line drawn from a superior planet to the earth becomes
a tangent to the earth’s orbit, the superior planet ap-
pears stationary. . If the earth be at_a or g, fig. 10,
or 11 and the planet at 15 Tg, and I a, are tangents
to. the carth’s orbit; in;which- places the planet
seems to stand still, or to have no geocentric motion,

50. When a superior planet, fig. 10, 1s moving
from one of its apparent stations A, through its con-
‘unction D to G, its geocentric motion is direct.

Fig. 10. Whilst the earth is moving from a,through
dto g, asuperior planetat I appears to move in ADG,
the concave sphere of the heavens, from A, through
its conjunction D, to its other station G ; whence its
apparent motion seen from the earth is direct, or in

consequentia, which is from west to east, according
to the order of the signs. _

51, Observe in fig. 10, that one end a, of the line
alA, drawn fram the earth at a, through the planet’s
place at I, to the concave starry sphere ADG, .at-
tends the earth, as it moves through abcde fg;
and the middle of it is supposed to turn round upon
the planet as a centre at 1, the other end A will then
mark out the planet’s apparent motion in the heavens.
So that the arch ABCDEFG, will be that which

the edge only being presented, it will not be visible except in the
powerful telescopes of Dr. lerschel. - Sometimes the plane of the
ring passes between the sun and the earth, when the dark part, i3
turned towards the earth and of -course invisible ; their combina-
fions produce a curious succession of appearances and disappear-
ances, for a full acconnt of which the reader is referred to astrono-
mical writers,
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the planet appears to describe; and therefore the
order of the letters expresses its motion in conse-
quentia. ‘

52. When a superior planet is passing from one
station to the other through the opposition, its geo-
centric motion is retrograde, ”

As the earth is passing from g, fig. 11, through k

to a, the planet at [ appears to move from G, through
K its opposition, to A; in this case, the appareut
motion of the planet at I, seen from the earth, is re-
trograde, or in antecedentia, that is, from east to west,
or contrary to the order of the signs. If the end g
of the line gI G, fig. 11, attends the earth through
gmlknha, and the middle of this line turns round
upon the planet at I, the other end G will describe
the arch GM LK N H A, which is contrary to the
order of the letters in fig. 10, and therefore retro-
grade.

53. The time of the retrogression of Mars is about
3 months ; of Jupiter 4 months ; and of Saturn 41
months.

The planets viewed through a telescope are strip-
ped of their adventitious rays, and appear like circy-
lar planes, of a determinate magnitude, whose dia-
meters may be measured by a micrometer.,

54. The superior planets are sometimes nearer our
earth than at other times ; whence they appear larger
or less, according to their different distances from us.
And as they are nearer to us than the fixed stars,
they may pass between us and some of the stars : and
as they go round the sun in orbits larger than that of
the earth, they always turn much the greatest part
of their illuminated hemisphere ‘towards the earth,

and therefore appear at all times round, or full,
c2
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except only Mars, which in the quadratures is a little
gibbous *,

* Tt may be observed as a general rule, that the planets move
slowel in deseribing their retrograde arcs than when they are pre-
gressive, and their apparent magnitudes are then likewise greater ;
but there is this difference in the inferior and superior planets, that
in the former, the planet is always in conjunction with the sun in
the middle of the retrograde arc ; and in the latter, they are al-
ways in apposition. In the middle of their progressive arcs they
are universally in conjunction with the sun, and in the case of an
inferior planet, this is called the superior conjunction.—The far-
ther a superior planet is from the sun, the smaller is its arc of re-
trogradation, bat the greater number of days it employs to de-
seribe it ; thus the arc of retrogradation of Uranus is only 4°, while
that of Jupiter is 10°; but Jupiter describes this arc of 10°
in 120 days, whereas Uranus employs 142 days in describing
the retrograde arc of 4%

OF THE NEW PLANETS, CERES, PALLAS, JUXO0, AND VEST A,

Astronomers bad long observed that a greater interval existed
between the erbits of Mars and Jupiter, than suited the apparent
regularity of the system ; bat as po theory suggested any absolute
necessity for this space to be occupied by a revelving body, not
much imporiance was ever attached to this circumstance. It is
now found that this'space is occupied by a number of smaller bo-
dies, which appear to be much less even than the smallest satellites
of the system, These bodies all revolve at nearly the same mean
distance from the sun, (namely, about 250 millions of miles,) and
in orbits very considerably inclingd to each other, and to the eclip-
tic. The diameter of the largest of them docs not exceed 200
miles, and some are estimated by Dr, Herschel' much less ; they
have likewise 2 nebulous, indistinct appearance, like comets, This
and some other circnmstances indnced Mr. Olbers to conjecture,
that these bodies wire only fragments of a large planet which ence
revolved in an orbit now common to them all, and (hat this origi-
nal planet has been broken to pieces by some internal explosion
of the nature of cur volcanoes.—Ceres was discovered by Piazzi,
at Palermo, June 1, 1801 ; Pallas by Olbers, March 28, 1802 ;
Juno by Harding, Sept. 1, 1804 ; Vesta by Olbers, March 2g,
1807. '
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THE SECONDARY PLANETS.

55. Three of the primary planats, viz, the Earth,
Jupiter, and Saturn ¥, in their revolutions round the
sun, are attended with lesser planets, which move
round each of their respective primaries, according
to the order of the signs.

THE MOON

56. Moves round the earth in an orbit, whose se-
midiameter is about 601 semidiameters of the earth ;
its eccentricity 3 of the carth’s semidiameters ; the
plane of the earth’s orbit, produced to cut the plane
of the ecliptic, makes an angle with it of about 51
deg. The points wherein it intersects the ecliptic
are called the moon’s nodes; these nodes have a
slow regressive motion of 1¢° 10" 43”7 in a year,
which carries them round the ecliptic, contrary to

the order of the signs, in 18 y. 284d. The moon’s

periodical time 15 27 d. 7h. 43 m. and her rotation
round her axis is performed in the same time.+ Her

* To which may now be added Uranus, or the Georgian.

+ The moon, independently of its phases, will present nearly
the same pheuumena-in a month, as the sun is observed to do in
the coursz of a year : twice in the month she will be in the equa-
tor, and will then rise in th= east, set in the west, and continue
twelve hours above the horizon ; when at its greatest declination
south its meridian altitade will be less thai that of the equator by
the whole of its declination, it will rise south of the east. and its
continnanee above the horizon will be much less than twelve
hours, sometimes only seven, ils diarnal course resembling that of
the sun on the shortest day ; on the contrary, when it has arrived
at its greatest distance north, its meridian altitade greatly exceeds
that of the equator, it rises to the north of the east, and continues
nearly seventeen hours above the horizon, its diurnal path ncarcly
resembling that of the sun on the longest day-
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eccentricity and inclination are both variable, The
orbit which the moon describes round the earth is el-
liptical, the earth being in one of its foci ; and when
the moon isat her greatest distance from the earth, or
in Lier higher apsis, she is said to be in apogeo ; and
when in her lower apsis, or least distance, in perigeo.

57. When the moon is at A, fig. 14, in conjunc-
tion with the sun at S, and the earth at T, it is called
New Moon ; and when in opposition at I, it is called
Full Moon. The syzigies of the moon is a common
term to express both its conjunction and opposition.

58. The moon's ascending node is called the Dra-
gon's Head, and is thus marked § ; its descending
node the Dragon’s Tail .

50. A periodical month contains 27 d. 7 h. 43 m.
in which time the moon describes her orbit; a syna-
dical month contains 29d. 12 h. 43 m. 35, which is
the time that passes between one new or full moon,
and the next of the same name which succeeds it
this is longer than a periodical month about 2 d. 5 h.
- 60. In fig. 15, S represents the sun, AB part of
the earth’s orbit, M L represents a diameter of the
moon’s orbit, when the earth is at C; and ml
another diameter, parallel to M L of the same orbit, .
when the earth is removed to D. Whilst the earth
isat C, and the mooen at L, in conjunction with the
sun, as the earth moves from C to D, and the moon’s
orbit moves with it, the diameter M I, wi] then be
in the positionm1; so that when the moon has de-
scribed its orbit it will be at1; but when the sun
being at S, the moon will not yet be in conjunction ;
therefore the periodical month is completed before
the synodical, and before the moon can come into
conjunction with the san. When the earth is at D
5




T .




; ff«’{ﬂ 7- f'}""””‘fﬂ"{v’ 223

Goodneghit o Md})




of the Solar System. 23

she must move from 1 to e, in the diameter ge;
* whence, besides going round her orbit, she must de-
ccribe thé arc 'l e conseqaently the synodical is
longer than the periodical month by the ‘quantity of
the arc 1e.

61. We do pot see the moon at the conjunc-
tion, but at the opposition her whole disc: 15 en-
lightened. .

In'fig. 14, aTb represents a part of the earth’s
orbit, § the sun, T the earth, AC E G ‘the moon’s
orbit. If the moon is at A, it will be on the same
side of the earth with the the sun, or in conjunction ;
"and the sun will then be beyond the moon : there-
fore the sun does not shine on that hemisphere of
the moon towards us ; whence to us her whole disc
must be dark.

_ 62. When the moon is at E, it will be in oppesi-
tion, and the earth between it and the sun ; eonse-
quently that hemisphere which is visible to us, wil
be the same hemisphere upon which the sun shines,
therefore her whole disc towards us will be enlight-
ened, or the moon will be full, :

63. Fig. 14. The moon’s disc is half enlightened
when she is near the quadratures at C or G, her ap-
parent distance from the sun at S being then QO deg.:
when the moon is between the conmjunction at A,
and either of the quadratures G or C, the ill uminated
part of it appears horned, as at Hand B. When
between the full at E, and the quadratures G or B2
the disc appears gibbous, as at D and F. When the
moon is at Aj; itis new; as she moves from=A-to C,
it is said to be in the first quarter; from € 1o E, in
the second quarter ; from thence to G, in the third
quarter ; and from G to A again, in the Jast quarter.
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After the new moon, her horns are turned towards -
the east, and before new moon towards the west ;
and when she is horned, that part of her disc upon
which the sun does not shine, has yet light enough
to make it faintly visible, #

The same side of the moon is always turned to-
wards the earth, and her surface is not smooth, but
uneven and mountainous, as may be seen with the
assistance of a telescope, either in the first or last
quarter.

THE SATELLITES OF JUPITER AND SATURN.

64. The distance of Jupiter's innermost satellite
from his center is 5.667 semidiameters of the planet;
the second, 0.017; the third, 14.381; and the
fourth, 25.290 semidiameters,

The periodical time of Jupiter's first satellite is 1 d.
18h. 27 m. 34sec. The second is 3d. 13 h. 13 m.
42 sec. The third 1s 7d. 3h. 42 m. 30sec. And
the fourth is 16d. 16h. 32 m. 9 sec.

65. The plane of the orbit of every secondary
planet is parallel to itself in every part of the orbit of
its primary. The orbits of all Jupiter's satellites are
nearly, but not exactly, in the same plane ; which
produced makes an angle with the orbit of Jupiter
of abogt 3°; the second deviates a little from the rest,

66. A satellite in one of its nodes appears in the
orbit of its primary : in all other parts of its orbit it
has latitude.

* This faint light, by which we somefimes can distinguish the
remaining poition of the moon's disk, is occasioned by the reflected
light of the earth ; and as the land reflects more light than the
water, it has been observed that this appearance is more visible
when the continental parts of the earth are opposite the moon,
than when the great ocean is in the same sitnatior.

7
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if the plane of any circle produced passes through
the eye, it appedrs to be a straight line ; consequently
every circle, viewed obliquely, will appear elliptical ;
50 that

When a satellite is in its node, at the same time
that its primary’s heliocentric place is in the same
degree of the ecliptic with it, und the earth in its geo~
centric node; at that time the orbit of the satellite
appears a straight line. When the pramary is in any
other part of his orbit, the satellite’s orbit will appear
an-ellipsis, whose shortest axis increases in proportion
as the primary is farther distant from the satellite’s
node. '

The orbit of the earth is so small, when compared
to those of Jupiter and Saturn, that in whatever part
of her orbit she may happen to be, when either of
these planets are in the nodes of their satellites,
these last will appear to describe lines very nearly
straight

67. When a satellite is in that semicircle which is
farthest from the earth, its geocentric motion is di-
rect ; when it is in that nearest to the earth, its geo-
ceutric motion is retrograde.

Any satellite is at its greatest elongation from its
primary, when a line, supposed to be drawn from the
earth through the satellite, is a tangent tc the satel-
lite’s orbit. :

In fig. 17. B aC represents a part of Jupiter’s or-
bit, N A LM, the earth’s orbit, S the'sun, DGFH
the orbit of Jupiter’s outermost satellite. When the
earth is at A, and the satellite at E or D, in the tan-
gent line AE or A D, then this satellite, seen from
the earth at A, will appear at a greater distance
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i from the primary, than it can- do.in any other si-
v tuation,

68.' Every satellite appears in conjunction with its
primary, when it is between the earth and its pri-
mary ; -and also, when the primary 1s between the
earth and satellite ; the first is called its inferior, the
last its superior conjunction.

The apparent motion of any satellite is direct, as it
passes fromd, fig. 17, its greatest elongation, through
P, its -superior conjunction, to E, its greatest elon-
gation on the other side ; its geocentric motion seen
trom the earth at A, being then from west to cast,
in consequentia, or according to the order of the signs.

Auny satellite’s apparent. motion is retrograde, as

it passes from E, its. greatest elongation on one side
of its primary, through H, the inferior conjunction,
to D, its greatest elongation on the other side ; it is
therefore plain, that its motion seen.from the earth
at A, is from east to west, in antecedentia, or con-
trary to the order of the signs.
*- 69. The satellites are seen sometimes to the west,
and sometimes to the east of their respective prima-
ries : they cannot be seen iu their superior conjunc-
tion, and are seldom distinguished from their primary
in-their inferior conjunction.

70. The distance of Saturn’s innermost satellite
from the center of the primary, is 1,03 semidiameters
of the .ring,. the second 2,47, the third 3,47, the
fourtb 8,00, and. the distance of the fifth 23,45 se~
midiameters of the ring. i

The periodical time of Saturn’s, innermost sate]lite
18 1di 21 he 18 m; 27 sec.  The second,. 2 d, 17 h,
41 m. 22 sec. + The third, 1d, 12 h, 25m, 12 sec.
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The fourth, 15d. 22h. 41 m. 14sec. And the
fifth satellite’s periodical time is 70d. 7 h. 48 m.*

71, The satellites of Jupiter and Saturn ‘cast a
shadow upon their primary, which may be‘ seen to
pass over the disc of the planet like a spot; they
also frequently fall into the shadow of their prima-
ries, and are eclipsed; which may be observed by the
help of a telescope.

72. Fig. 12, 13, represent the different magni-
tudes of the primary and secondary planets, with the
proportion which they bear to each other, and to a
globe of twelve inches diameter, which is supposed
to represent the sun.§-

* Two more satellites have since been discovered by Herschel -

their periodic times are : s de HO
0 22337
F R

The mean distances of the seven satellites, expressed in semidia-
meters of the planet, are . : .— 3.08
Ir.— 3.05
It.— 4.89
1v.— 0,26
v— 8.75

v1.-—~20.20
¥Iir=—50,10
+ Uranus has six satellites : their mean distances, in semidia-
meters of the planet, are as follow : 1.—13.12
11.—17.02
111.—10.84
V—22.05
vo—35.50
Vi ~—01.01
Sidereal revolutions : d..-h. my.
i— 5 21 25
11— B8 16 58
i,— 10 23 3
iv,— 13 10 56
v 38§ 148
vi—107 16 40
Itisa very remarkable circamstance, that the planes of the erhits
of these planets are pearly perpendicular to the ecliptic,
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THE PARALLAX OF THE HEAVENLY BODIES

73. Is the change of their apparent places, when
viewed from different stations.

The diarnal parallax is the change of the apparent
place of a fixed star or planet, or of any celestial body,
arising from its being viewed on the surface, or from
the centre of the earth. The fised stars have no
diurnal parallax, the moon a considerable one: that
of the planets is greater or less, according to their
distances.

74. In fig. 18, TAK represents the earth, T' its
center, A B the sensible, T L the real horizon of a
spectator upon the earth at A, M the moon, S the
sun, both in the sensible horizon: if seen from A,
they will appear in the horizon at B; but if seen
from T, the center of the earth, they would appear
amongst the fixed stars at C and Dj; that 13, the moon
would appear in the line TM D, and the sun in the
line TS C: these are called their true places; the
arch B C is called the sun’s parallax, and B D that of
the moon. The angles BSC, and BM D, are
called the parallactic angles, which are respectively
equal to the angles AS T, and A M T ; under which,
AT, a semidiameter of the earth passing through A,
the place of the spectator, would appear, if seen from
the sun or moon.

75. If a planet is above the horizon at E, its true
place seen from I, the center of the earth is at F, its
apparent place at G, and its parallax is FG. Hence
it is plain, that the higher the planet is elevated
above the horizon, the less is its parallax ; and when
itis directly over the head of the spectator at H, it
will have no parallax at all ; its apparent place in the
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heavens being Z, whether it be seen from A or T
It ;s observable, that the apparent place G, of a
planet at E, seen from the earth at A, 1s always lower
or farther from the zenith Z, than F, its true place
scen from T; except when the planet is vertical, or
at H; so that the horizontal parallax is greatest
of all. .

6. The diurnal parallax of a planet in a vertical
circle causes one of right ascension and declination,
unless it be on the meridian, when there is only a
parallax of declination: it also causes a parallax of
longitude and latitude, unless the vertical circle is a

- secondary of the ecliptic.

In fig. 18. W L represents the horizon, VT an
arch of the equator, cutting the horizon at T TP
the axis of the world, and P the celestial pole, Z the
zenith, ZX a vertical circle, R the planet’s apparent
place therein, if seen from the earth’s surface ; and
Y its apparent place in the same vertical, if it could
be seen from the earth’s center: then R Y is its pa-
rallax. PR O is a secondary of the eguator, passing
through the planet, and PYQ, another secondary,
passing through its apparent place at Y ; whence its
declination, seen from the center, is O R, and from
the surface Q Y ; the difference N Y, between QY
and Q N, 18 the parallax of declination.  When the
planet is at R, the secondary PR O passes through
the point O of its right ascension upon the equator,

# This is upon the supposition that the earth is spherical, From
the-elliptical form of the terrestiial meridian, the direction of a
plomb line, OF vertical, does not exactly pass throngh the center of
the earth ; hence it arises, that the moon, W hen in the zenith, has
nevertheless a small parallax, which must be attended 10 in exact

observations.
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but the secondary PY Q passes through Y, the
planet’s apparent place, and Q) its right ascension
upon the equator ; whence the parallax R'Y makes
adifference, or parallax, Q O, in right ascension.

77: If a be the apparent place of a planet upon the
meridian. Z VW, when seen from the surface, and
b when .viewed from the center of the earth, ab is
its diurnal parallax in a vertical circle ZW to the
horizon ; but this same circle is also a secondary to
the equator, whence there can be no parallax of right
ASCENS101.

Now sappose P the pole of VT, which is now
called an arch” of the ecliptic, cutting the horizon
WL in T, ZX a vertical circle, let R'Y be the
planet’s parallax, PR O a secondary of the ecliptic
passing through the planet, when seen at R from the
surface of the earth; PY Q another secondary,
passing throogh it, if it could be viewed from the
earth’s center, 5o as (o appear at Y ; when at R, its
latitude is R O, when at Y, its latitude is Q Y, the
difference N Y is the parallax of latitude.

78. When the planet appears at R in PR O, the
secondary of the ecliptic, the point O is its longitude
from the first point of Aries; but when at Y in the
secondary PY Q, Q is the point of its longitude ;
whence the difference Q O is the parallax of lon-
gitude.

But if the planet be in a vertical circle Z W, which
passes through P, the pole of the ecliptic, it can only
have a parallax of latitude, and none of longitude.
Let ab be the parallax of latitude ; whence from
either station, a b will be its parallax of latitude ; and
as there can pass but one secondary through both,
there can be no parallax of longitude.
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The annual parallax’ of any heavenly ‘body-arises-
from its being’ séen from the earth when it'isin dif-

ferent parts of its orbit.

THE EEFRACTION OF THE ATMOSPHERE.

79. If a ray of light enters a transparent medivm
obliquely, it does not pass straight on, but i bent at
the point at which it enters: this-bending- is called
refraction.

In fig. 19. A C represents the surface of the earth,
T its center, BP a part of the atmosphere, H EK
the sphere of the fixed stars, A F the sensible hori-
zon, G a planet, G D a ray of light proceeding from
G to D, where it enters our atmosphere, and is re-
fracted towards the line D T, which is perpendicular
to the surface of the atmosphere: and as the upper
air is rarer than that near the earth, the ray is conti-
nually entering a denser medium, and is every mo-
ment bent towards T, which causes it to describe a
curve, as D A, and to entera spectator"s eye at A
as if it came from E, a point above G.  And as an
object always appears in that hwe in which it enters
the eye, the planet will appear at E, higher then its
true place, and frequently above the horizon A F,
when its true place is below it at G.

The greatest refraction is when the planet, &c.
is seen in the horizon, being 83 min. When its
altitude is 20 deg. the refraction 1s 2 min. 14 sec.: at
40 deg. of altitude it is 58 sec.: at 60 deg. of alti-
tude it 1s 20 sec. and so becomes insensible, as the
altitude increases.

SOLAR AND LUNAR ECLIPSES.

80. An eclipse is ‘a deficiency of l-ightkin the
heavenly bodies In #n eclipse of ‘the sun, its light
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is intercepted from the sight of the inhabitants of
any part of the earth, by the moon passing between
them and the sun; and as its disc is either partly,
or wholly covered, it is called a partial or total
eclipse.

An eclipse of the moon is caused by her passing
through the shadow of the earth, whereby she is
deprived of the sun’s light.

The sun can never be cclipsed but at the time of
New Moon ; neither can there be an eclipse of the
moon, but at the time of the full moon: In the
first case, the new moon must be within 18 de-
grees, in the last, the full moon within 12 degrees,
of one of her nodes.

These luminaries are not eclipsed every new and
full moon, because the moon’s motion is not in the
plane of the ecliptic, in which the sun and earth al-
ways are.

Hence the moon’s latitude is oftentimes so much
increased at the time of the new moon, that her
shadow does not touch the earth ; and at the time
of iull moon, she as frcquent]_\,-' passes by the earth's
shadow without entering intoit: but when the
moon’s latitude is inconsiderable, which only hap-
pens when she is within the limits above mentioned,
she then appears either in or near the ecliptic.

Let HG, fig. 20, represent the path of the moon
EF, the plane of the ecliptic; in which the center
of the earth’s shadow always moves; N, the node
of the moon's orbit; A, B, C, D, represents four
places of the earth’s shadow in the ecliptic : when
her shadow is at A, and the moon passing by at I,
she will not enter into the shadow ; but when the
full moon is nearer to the node at K, only part of
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her gloke passes through the shadow B, and that
part . becomes dark : this is called a partial eclipse.
When the full moon is at M, she enters into the

" shadow C; in passing through it, she becomes

wholly darkened at L, and leayes the shadow at O.
This is called a total eclipse: and when the moon’s
center passes through that of the shadow, which
can only happen at the very time she is in the node
at N, it is called a central eclipse.

We have not yet mentioned the atmosphere,
which requires our consideration, while we are treat-
ing of lunar eclipses; for the shadow of the earth
does not reach the moon. In fig. 21, T represents
the earth, BCDBgf its atmosphere, AB, AB,
rays proceeding from the sun at S, touching the at-
mosphere at B and B; - these go straight on, and ter-~
minate the shadow of the atmosphere at H, - The
moan is constantly enlightened by the sun’s rays
until she enters this shadow, when she becomes
fainter, as she continues to move between A B H
and ABH.

The rays which enter the atmosphere obliquely,
are refracted, and bent into curves that touch the
earth ; all the light between F f and G g, is inter-
cepted by the earth ; and the rays CE, D E; ter-
minate the earth’s shadow. :

The light between F f, and A B, is refracted by
the atmosphere, and diffused between CE, and
A B, and continued beyond E, the point ef the
earth’s shadow : whence it is plain, that the light
proceeding from the sun becomes continually weaker,

- the farther it is from the earth; so that the sha.

dow of the atmosphere is but a weak light, and
therefore the moon is visible in an eclipse,
»
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The shadow of the atmosphere is conical, be-
cause the diameter of the sun is greater than that of
the earth. This cone does not reach so far as the
planet Mars : but the diameter of the shadow, in
the place where it cuts the moon’s orbit, is not 1th
less than the earth’s diameter. .

A solar eclipse happens, when the new moon is
in or near the node. In fig. 22, § represents the
sun, M the moon, her shadow falling upon DC, - a
part of the earth’s circamference, which is sarrounded
by a penumbra. Beyond A and T, the earth is illu-
minated by an entire hemisphere of the sun. As you
move from A to C, or from F to D, the light is con-
tinaally diminishing; and near C and D, the rays
come to the earth only from a small point of the
sun’s surface.

This diminished light, which sarrounds the sha-
dow every way, is called the penumbra. An observer
at B or E can only see hall the sun’s diameter, the
rest being hidden by the interposition of the moon.
If the observer moves from B to C, or from E to D,
the sun will be more and more withdrawn from his
sight, until it becomes wholly invisible in the shadow
itself; whence it is plain that there may bea solar
eclipse, although the shadow of the moon does not
touch the earth, if the penumbra comes to its surface,

When the moon’s shadow falls upon the earth," it
is called a total eclipse of the sun ; if the penumbra
only reaches the earth, it is called a partial eclipse of
the sun : with respect to particular places, it is said
to be total where the shadow passes; central, where
the center of the moon covers that of the sun; and
partial, where the penumbra only goes by, as 15 18-
presented in fig. 23.

4
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The wider the shadow € D, fig. 22, is, the longer
the sun will be totally eclipsed, and a larger space of
the earth will be under the shadow; but its breadth
will vary, as the distance of the moon from the earth,
and of the earth from the sun, varies; for when the
earth is in perihelion, and the moon ir apogee, that is,
at its greatest distance from the earth, the shadow of
the moon does not reach the earth, and the moon
does not cover the sun; this is called an annular

eclipse, as is represented in fig, 24.

D2
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THE
DESCRIPTION AND USE
OF THE

NEW CELESTIAL AND TERRESTRIAL

GLOBES.

IF the periphery of a semi-circle be turned round
its diameter as an axis, it will generate the surface of
a globe or sphere, and the center of the semi-circle
will be the center of the globe : it therefore follows, .
that as all the points in the circumference of the
semi-circle are at an equal distance from its center,
so all the points of a globe, thus generated, must be
the same.

82. Any straight line passing through the center
of a globe, being terminated by its surface, is called
adiameter ; and that diameter about which the globe
turns, is called its axis; the extremities of which are
called the poles of the globe.

83. There are two artificial globes. That on
which the surface of the earth is represented, is
called the terrestrial globe. ' :

84. The other on which the face of the starry
sphere is delineated, is called the celestial globe.

85. In the use of the terrestrial globe, we are to
consider oursclves standing upon some part of its




-y s et SED

38 Description and Use of the

surface, and that its motion represents the real
diurnal motion of the earth, which is from west to

| east.
| ¥ 806. In the use of the celestial globe, we are to
o suppose ourselves at the center, and that its motion

‘ represents the apparent diurnal motion of the hea-
vens, which is from east to west.
: 87. Note, The stars being delineated upon the
i convex surface of the celestial globe, we must sup-
pose ourselves at the center ; because under such
| : a supposition they would” appear, as they naturally
: do, in the concave surface of the heavens,

“ 88. Several circles are described upon the surface
' of each globe, Those whose planes pass through
I the center of the globe, are called great circles ; some
\ of which are graduated into 360 degrees, 90 of which
|

L

‘.

make a quadrant.

80. Those circles whose planes do not pass
throogh the center of the globe, are called lesser
circles.

. g0. Our new terrestrial and celestial globes, fig. 1,
: and fig. 25; are each of them suspended at their poles
“ in a strong brasscircle N Z A28 N, and turn therein
upon two iron pins, which are the axis of the globe.
They have each a thin brass semi-circle N H S inove-

e — S ————— s

| 1 able about the poles, with a small thin sliding circle -
| ’ thereon.

:, | 01. On the terrestrial globe, fig. 1, this semi-
’ circle N H'S is a moveable meridian, and its small
" 4 sliding circle H, the visible horizon of any particular

place to which it is set. DBut,

: 92, On the celestial globe, fig. 25, this semi-
circle N H S is a moveable circle of declination, and

1 its small circle H, an artificial sun or planct.

:

it |
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g3. Bach globe hath a brass wire circle, TW Y,
placed at the limits of the crepusculum, or twilight,
which, together with the globe, is set in a wooden
frame : the upper part B Cis covered with a broad
paper circle, whose plane divides the globe into two
hemispheres, and the whole is supported by a neat
pillar and claw, with a magnetic needle in a compass
box at M. : '

94. On our new terrestrial globe, the division of
the face of the earth into land and water 1s accu-
rately laid down from the latest and best astronomi-
cal, geographical, and nautical discoveries. There
are also many additional circles, as well as the
rhomb-lines, for the greater ease and convenience in
2olving all the necessary geographical and nautical
problems.

05. On the surface of our new celestial globe, all
the southern constellations, lately observed at the

Cape bf Good-Hope by M. de la Caille, and all the
stars in Mr. Flamsted's British Catalogue, are accu-
rately laid down, and marked with Greek and Roman
letters of reference, in imitation of Bayer. Upon
each side of the ecliptic are drawn eight parallel cir-
cles at the distance of one degree from each other,
including a space of sixteen degrees, called the
zodiac ; these are crossed at right angles with seg-
ments of great circles at every fifth degree of the
ecliptic, for the readier noting the place of the moon
or any planet upon the globe. '
g6. We have also inserted from Ulugh Beigh,
printed at Oxford, A.D. 1665, the manazil al kamer,
i. e, the mansions of the moon of the Arabian astro-
nomers; which are so called, becaunse they observed
the moon to be in or near one of these every night,
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during her monthly course round the earth, to each
of which the Arabian characters are affixed. They
may be of very great use to beginners to teach
them the names of the stars, as well as to mariners
for the same purpose; who may have occasion to
observe the distance of the moon from a fixed star,
in the new method of discovering the longitude at
sea. They will likewise serve to shew, how the
moon passes from star to star in the ceurse of
one or several nights, which is a very curious and
useful amusement ; and as they are a division of the
heavens different from any thing the Greeks were
acquainted with, and therefore not borrowed from
them, and as we do not know they were ever inserted
to any globe before, we hope we have with propriety
placed them on our new celestial globe.  See Cos-
tard's Hist, of dstronomy, p, 40.

‘PHE BROAD PAPER CIRCLE B C on THE surrack or
THE WOODEN FRAME WHICH SUPPORTS THE BRASS
MERIDBAN

* 97. Contains four coneentric circular spaces. The
innermost of which is divided into 360 degrees, and
numbered into four quadrants, beginning at the east
and west points, and proceeding each way to go
degrees at the north and south points ; these are the
four cardinal points of the horizon. The second
circuar space contains, at equal distances, the thirty-
two points of the mariner’s compass, Another cir-
cular space is divided into twelye equal parts, repre-
senting the twelve signs of the zodiac; these are
again subdivided into 30 degrees each, between which
arc engraved their names and characters, This space
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is connected with a fourth, which ¢ mntains the kalen-
dar of months and days; each day, on the new
eighteen-iuch globes, being divided into four parts,
expressing the four cardinal points of the day, accord-
ing to the Juhaa reckoning ; by which means the
sun’s place is very nearly obtaived for the three com-
mon years after bissextile, and the intercalary day
inserted with ut confusion. Whence we derive the
following '

Progrem L. To find the sun’s place any day in'the
year on the broad paper circle.

08. Consider whether the year in which you seek
the sun’s place is bessextile, or the first, second, or
third year after.

@o. If it be the first year after bissextile, those
divisions, to which the numbers for the days of the
month are affixed, are the respective days for each
month of that year at noon ; opposite to which, in
the circle of twelve signs, is the sun’s place.

100. If it be the second year after bissextile, the
first quarter of a day backwards, or towards the left
hand, is the day of the month for that year ; against
which, as before, is the sun’s place.

101. If it be the third year after bissextile, half a
day hackwards is the day of the month for that year,
opposite to which is the sun’s place,

102, If the year in which you seek the sun’s place
ig bissextile, then three quarters of a day backwards
is the day of the month from the 1st of January to
the 28th day of Februaryinclusive. The intercalary,
or 2gth day, is three fourths of a day to the left hand
from the Ist of March; and on the 1st of March
itself is one quarter of a day forward, from the
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division marked 1; and so for every day in the
remaining part of the leap-year; against each of
which is found the sun’s place.

In this manner the intercalary day is very well in-
troduced every fourth year into the kalendar, and the
sun’s place very nearly obtained according to the

- Julian reckoning. Thus:

A.D. Sun's place, April 25.
1769. first year after bissextile - - 8 : 5° : 21’
TR e e e 8 :5°: 00
1771. thlrd ——————————— 5 s 4% « B5
1772. bissextile = - = = ~ = = = = 8 s 5%: 35

One use of the broad paper circle is to distinguish
the points of the horizon ; in this case it represents
the rational horizon of any particular place, which is
an imaginary great circle in the sphere of the heavens,
dividing the visible from the invisible hemisphere.
This is supposed to be parallel to a lesser circle,
called the sensible horizon, whose plane may be con-
ceived to touch the surface of the globe at that place
upon which an observer stands, and to terminate his
sight when he views the heavens round about. The
extent of the sensible or visible horizon is greater or
less, as we stand higher or lower, :

103. Another use we shall make of this circle is to
represent the circle of illumination, or that circle
which separates day from night.

A third use to which this circle may be applied,
is to represent the plane of the ecliptic.  All of which
shall be illustrated in their proper places.

In all positions of the celestial globe, this broad
paper surface is the plane of the horizon, and distin-
guishes the visible from the invisible part of the
hieavens.
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Note. As this circle occasionally represents va-
rious great circles of the sphere, we have given it
the name of broad paper circle, to prevent the rea-
der from coaosidering it as an horizon, when it
really represents the plane of the earth’s illuminated
dise, &c.

The north-side of the wooden frame ought to be
placed direetly towards the north-side of the heavens,
which is readily done by the mariner’s compass under
our new globes,

THE STRONG DBRASS CIRCLE, OR MERIDIAN,
NZ A S N.

104. There are two notches in the broad wooden
circle (Art. 97) upon the plane of which the broad
paper circle is placed, which receive the strong brass
circle : the body of the globe, being suspended at
two opposite points in this circle, turns round therein
on its iron poles, one of which N represents the
north, and the other S the south pole.

105. One side of this strong brass eircle is gra-
duated into four quadrants, each containing QO de-
grees. The numbers on two of these quadrants
increase from the equator towards the poles; the
numbers on the other two increase from the poles
towards the equator.

¢ The reason why two quadrants of the meridian
« gre numbered from the equator, and the other
¢ two from the poles, is because the first of these
“ two shew the distance of aoy point on the globe
“ from the eguator or equinoctial, and the other

serves to elevate the globe to the latitude of any
place,” -
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106. The strong brass circle of the celestial globe
is called the meridian, because the sun’s center is
direetly opposite thercto at noon.

107. On the strong-brass circle of our new terres-
trial globe, and about 231 degrees on each side Og:—
the north pole, the days of each month are laid dowit
according to the sun's declination. If any day of the
month is placed in the plane of the horizon, it will
shew the sur’s declination for that day upon the other
side of the brass meridian; and this brass circle is
so contrived, that the globe may be placed in the
position of a direct or right sphere, (which is, when
the north and south poles are placed in the plane of
the broad paper circle) and also that the south pole
may be elevated above the plane of the broad paper

-surface, with as much ease as the north pole. A cir-

cumstance which we thought not unworthy of our at-
tention in the construction of our new globes.

108. The graduated side of the strong brass circle,
encompassing our new terrestrial glebe, faces the
west; being most agreeable to the real diurnal
motion of the earth, which is from west to east.

109. But that which surrounds the celestial globe,
faces the east, as the apparent diurnal motion of the
heavens is from east to west.

110. In all inclinations of either globe, the north
pole should be directed towards the north point of
the heavens, which the mariner’s compass at M,

Jlaced under each of the globes, will enable us to de
with the greatest readiaess.

THE HORARY CIRCLE.

111. We use no other circle to measure the hours
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and minutes of time, but the equator, upon the sur-
face of either globe; it being not only the most
natural, but the largest circle that can possibly be,
applied for that purpose. This is done by a semi-
circular wire At F placed in the plane of the
equator, carrying two indices; one of which, I, is
occasionally to be used Lo point out the time.

As the first meridian in our new globes passes
through London, it therefore becomes the X1l o’clock
hour circle ; and this falls upen the intersection of’
the equator and ecliptic at the first point of Aries;
the other XIIth hour circle passes through the oppo-
stte intersection at the first point of Libra.

Remember, when the globe shall be hereafter
cectified for London, or any other place, on the same
meridian with it, that then the graduated side of the
strong brass meridian is the horary index itself,

It may happen, that the' globe shall be so rectified
as that the two points of XII o'clock will fall in, or
so near, the east and west points of the broad paper
circle, that neither of the horary indices can be
applied thereto, in such a case either of these points
themselves will be the horary index.

112. The hours and minutes are graduated below
the degrees of the equator on either globe ; and as

118. The motion of the terrestrial globe is from
west to east, the horary numbers increase according
to the direction of that motion.

114. The motion of the celestial globe being
from east to west, the horary numbers inerease in
that direction.

rHB THIN BRAss sEMI-creece N H S.

418, This turns upon the poles of the globe, and
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may be called a proper or a moveable meridian. It
is graduated each way to 90 degrees from the equator
to either pole.

116. To this semi-circle on the new celestial globe,
fig. 25, is fitted a small thin brass circle H, about
half an inch diameter, which slides from pole to pole;
when we consider the sun’s apparent diurnal motion,
we call it an artificial sun.

117. But to the thin semi-circle applied to the new
terrestrial globe, fig. 1, is fitted a small thin circle
H, about two inches diameter, that slides from pole

- to pole ; which is divided into a few of the points

of the mariner’s compass, and is called a terrestrial or
visible horizon.

THYE BRASS QUADRANT OF ALTITUDE Z A,

118. Is a thin narrow flexible slip of brass, that
will bend to the surface of the globe; it has a nut
with a fiducial line upon it, which may be readily
applied to the divisions on the strong brass meridian
of either globe; one of its edges is graduated into
g0 degrees, and continued to 20 degrees below the
horizon. Upon the terrestrial globe, its use is to
shew the distance of places; and when applied to
the celestial globe, it shews the distance between two
stars. If affixed to the zenith or pole of the horizon,
it shews the altitude of any point upon the globe, its
graduations being numbered upwards from the hori-
zon to 90 degrees, and downwards to 20 degrees for
the depression of any celestial object. It will repre-
sent any vertical circle passing through the pole of
the horizon, in its motion round the zenith point,
as well as the prime vertical, which passes through
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through the east and west points of the horizon.
Upon both globes it occasionally shews the distance
of every secondary to the horizon; and has other uses,
which will be hereafter shewn,

119. Note, When we speak of bringing any point
or place to the strong trass meridian, we mean that
it should be brought to its graduated side, which is pro-
perly the meridian.

Also, when we speak of bringing the moveable meri-
dian, quadrant of altitude, or any other thin flewible
circle, to any point or place; we mean that their gra-
duated edges should Le brought to that point, or place.

OF THE SEVERAL CIRCLES DESCRIBED UPON THE SUR-
FACE OF EACH GLOBEE.

120. We may imagine as many as we please upon
the surface of the earth, and coneeive them to be ex-
tended to the sphere of the heavens, marking thereon
concentric circles. - :

121. The planes of all great circles pass through
the center, and divide the globe into two equal hemis-
pheres: a small circle divides the surface of a globe
into two unequal parts ; all circles are supposed to be
divided into 360 degrees.

Weshall begin with the description of the equator, .

this being the most eminent great circle on eithes
globe.

THE EQUATOR OR 2auiNocTIAL 10,

122, Is QO degrees distant from the two poles of
the globe; and is so called, because when the sun
Appears to pass vertically over this circle, the days

i




48 Dgs.cription and Use of the

and nights are of an equal length to all the inhabi-
tants of the earth.

123. This plane of the equator passes through the
middle of the globe at right angles to the polar axis.

GOn our new globes it is graduated into 360 de-
grees; upon the terrestrial globe, the numbers in-
crease from the meridian of London westward, and
proceed quite reund to 360.

124. They are also numbered from the same meri-
dian eastyard by an upper row of figures, for the ease
of those who use the Enclish tables of the latitude
and longitude of places, i

125. On our new celestial globes the equatorial
degrees are numbered from the furst point of Aries
eastward, to 360 degrees.

126. Close under the degrees, on either globe, is
graduated a circle of hours and minutes.

1¢57. On the celestial globe, the hours increase
eastward from Aries to XII at Libra, where they
begin again in the same direction, and proceed to XII
at Aries. ‘

128. But the horary numbers under the equator of
the terrestrial globe, increase by twice twelve hours
westward, from the meridian of London, to the same
again.

120. In every 1)03“10!] of the g]obe, EXCEpt that
of a parallel sphere, the plane of the equator cuts
the castern and western points of the broad paper
circle, when considered either as an horizon, the
ecliptic, or circle of illumination,

And as the globe is turned about, it always keeps
to one point of the strong brass circle, in which, as
hath been observed, the degrees are numbered both
ways from the equator, that the distance of latitude
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north or south of any point on the sgrface of the : :

|

globe may be more easily computed. Whence arises |

the following k 1
f
)

Proprem I Tofind the latitude of.cz place.

180. Bring the place to the graduated sifle of the : f
strong brass meridian ; the degree it then cats shews '
its distances from the equator, which on the terres- ]
trial globe is called latitude. p b

Thus London has 81 deg. 32 min. of north lati- o> 7.2 4
tude ; Constantinople, 41 deg. of north latitude; = | "i
Quebec, in Canada, 46 deg. 55 min. of north lati- : |
tude ; and the Cape of Good Hope, 34 deg. south '

latitude. l
| ;?;,

Prozrem III. 7% find all those places which Lave ' ?l
the same latitude with any given place., ' ‘

131. Suppose the given place London ; turn the
globe round, and all those places which pass under
the same point of the strong brass meridian are in, |
the same latitude. %

Proerem IV. 7o find the difference of latitude - i
Letween any. two places. _ '!

132. Suppose London and Rome, find the lati-
tude of each place by Prob. ii, Art. 180. Théir i
difference is the answer, {

ProsLeM V. 7o find the declination of the sun. : i

133, First; Omeither globe for the sun’s decling.
E
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tion, find his place in the ecliptic by Prob. i. Art. 08,
&c. Then bring that point of the ecliptic line upon
the globe under the strong brass meridian, and the
degree which it cuts is the sun’s declination for that
day. Or, ‘

Upon the terrestrial globe, that parallel which
passes through the point of the ecliptic answering
to the day of the month, will shew the sun's decli-
tion, counting the number of parallels from the
equator, Also,

On the celestial globe, seek the day of the month
close under the ecliptic line itself, against which is
the sun’s place; bring that point under the strong
brass meridian, and the degree that stands over it is
the zun’s declination for that day. Thus on the 23d
of May the sun’s declination will be about 20 deg.
10 min. and upon the 23d of. August it will be
11 deg, 13 min.

¥FOR THE DECLINATION OF ANY STAR.

124. Secondly, Bring the star to the strong brass
meridian on the celestial globe, and the degree it
stands under 15 its distance from the equator, and this
distance is called the star's declination, which may
be either north or south, according to the side of the
equn.tur'on which the star is situated,

Thus the dechination of the star Arcturus, marked «
in the constellation Bootes, has about 20 deg. 30 min.
north declination ; and that of Syrius in Canis Major,
or the Dog star, marked 4, has about 16 deg. 30
min. south declination.

185, Hence we see, that the latitude of phm_s on
the E.‘:u'tll, and the declination of the sun and stars, &e.
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&

in the heavens, have but one idea, the meaning of

which is no more than their distance (either of places
on the terrestrial; or of the luminaries in the celestial
spheres) from the equator,

The latitude of a fixed star always continues the
same, but-that of the sun, moon, and planets, varies.

136. Those stars, ‘whose declinations are equal to
the latitude of any place upon the earth, are called
correspondents to that place ; and pass onee in every
24 hours vertically to the inhabitants of such latitude-
that is, those stars appear in their zenith; or are
directly over their heads. Hence the following

Prosrem VI. 7o find what stars pais over of
nearly over the zenith of any place.

137. Find the latitude of the place by Prob. ii, Art.
08, upon the terrestrial globe, which is the distance
of that p]ace from the eguator: then turning the

celestial globe, all those stars which pass under the
strong brass meridian at the same distance from the
equator; will pass directly over the heads of those
inhabitants, and therefore become celestial corres.
pondents to all those who live under the same parallel
of latitude.

Thus the star marked ¢ of the second médgnitude -

* in the head of the Dragon is 51 deg. 32 min. distant
from the celestial equator, so is London at the
same distance from the terrestrial equator ¢ therefore
the declination of this star is equal to the latitude of

London, and consequently it becomes our celestial
correspondent.

- The star marked « of the second magnitude jn

Perseus’s side, called Algenib, passes over the zenith
E 2
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of those inhabitants in France who live 14 min. of
one degree south of Paris; it also passes nearly over
the zenith of St. George’s Bay in Newioundland.

CELESTIAL AND TERRESTRIAL MERIDIANS

138 Are great circles drawn upon globes from
ane pole to the other, and cressing the equator at
right angles. 'Upon our new terrestrial globe there
are twenty-four of these meridians, which are also
hour-circles, being 15 degrees from each other.

Thus 15 degrees on the equator are equal to one

hour, and each single degree equal to four minutes
of time, Only four meridians which are also called
colures, are drawn upon the surface of the celestial
globe.
-+ 330« There are neo places on the surface of
the earth, or spaces in the apparent sphere of the
heavens, through which meridians may mot be con-
ceived to pass; consequently all points on the ter-
restrial or eelestial spheres have their meridians. So
that they only (properly speaking) live under the same
meridian, that are under the same semi-circle, on the
same side of the poles.

This variety of meridians on the globes is supplied
by the thin brass semi-circle, which being moveable
about the poles, may be set to every individual poing
of the equator. Whence we call it 2 moveahle meri-
dian, Art. 115, °

140. All those halves of great circles, that are
drawn from pole to pole, are the meridians of those
places through which they pass, and being perpendi-
cular to the plane of the equator, are called seconda-
mes thereto.
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141. One of these meridians on our new terres-
rial globe passes through London, and is called a
first meridian ; because from that point which is
marked Y, where it crosses the equator, the degrees
of longitude, as well as the hours and minutes of
time, begin,

The opposite meridian to this crosses the great
Pacific Ocean, and passes through the first point of
Libra, marked 2= upon the globe.

This meridian is graduated from pole to pole, and
its numbers increase from the equator each way to
the pole. One particular use to which it may be ap-
plied, and for which it was at first designed, is to
solve some of the cases in spherical trigonometry with
ease and propriety, as will be seen hereafter.

Some geographers make their first meridian pass
through the isle of Fer, or Ferro.

Proprem VII. 7o find the longitude of a place.

142. The longitude of any place is that point
or degree upon the equator, which is crossed by
the meridian of that place, réeckoned from a first
metridian,

Bring the moveable meridian to the place, and that
degree on the equator which it cuts, is its longitude
from London, in degrees and minutes, or that hour
and minute is its longitude expressed in time.

Or if we bring the place to the strong brass meri-
dian, that will cut the equator in the longitude as
before. '

Thus Boston in new England is about 70+ degrees
west of London; Cape Comorin in the East Indies
289° west of London ; or the longitude of the first

e
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place expressed in time is 4 h, 42 min. of the second
18 h. 48 min.

143. The method of reckoning longitude always
westward from the first meridian is most natural,
because it is agreeable to the real motion of the
earth ;

But the common method is to reckon it half round
the globe eastward, and the other half westward
from the first meridian, ending either way at 180
degrees.

Thus Cape Comorin is 78 degrees east of Lon-
don.

Note. The nambers nearest the equator increase
westward from the meridian of London quite
round the globe to 360, over which another set of
numbers is engraved, which increase the contrary way,
by which means the longitude may be reckoned upon
the equator either east or west.

144. It is mid-day or noon to all places in the
same meridian at the same time.

Thus London, Oran, Cape Coast-castle in the
Mediterranean, and Mundfort on the Gold-coast,
have their noon nearly at the same time ; Boston in
New England about 4 h, 42 min. later; and Cape
Comorin 18 h. 48 min. later.

145. The difference of longitude of any two places,
is the quantity of an angle at the pole made by the
meridians of those places ; which angle is measured
ppon the equator.

To express this angle upon the Globe.

146. Bring the moveable meridian to one of the
places, and the other place under the strong brass
Fju'eie? they then contain the required angle; the

-
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measure or quantity of which is the number of de-
grees counted on the equator between these two
brass meridians. :

Prozrra VIIL To find what places have mid-
day, or the sun, upon their meridian, at any given
hour of the day in any place proposed.

147. First, let the hour proposed be X o'clock
in the morning at London.

As the real diurnal motion of the earth, here
represented by the terrestrial globe, is from west
to east,

All places to the eastward of any particular meri-
dian must necessarily pass by the sun, before the
meridian of any other place to the westward of that
particular meridian can arrive at it.

148, And therefore as the first meridian on our
new {errestrial globe passes through London, if the
proposed place be London, asin this case, bring the
given - hour, which 1s placed on our globes, to the
east of London if it be in the morning, but to the
west of London if it be in the afternoon, to the
graduated side of the strong brass meridian ; and all
those places which lie directly under it, have noon,
or the sun, upon their meridian, when it is X o'clock
at London.

Thus having brought the Xth hour on the equa-
tor to the eastward of London under the divided side
of the strong brass meridian, it will be foand to pass
over the eastern side of Lapland, and the eastern ex-
tremity of the Gulf of Findland, Petersburgh in
Russia, to cross a part of Moldavia and the Black
Sea, thence it passes over a part of Turkey, and goes

i ]
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between the islands of Candia and Cyprus in the
Mediterranean, thence over the middle of Egypt
through the eastern side of Africa, and aeress the
bay of Lorenzo; all which places have the sun
on their meridian when it is X o’cleck in the morn-
ing at London.

149. Secondly, Let the hour proposed be IV
o'clock in the afternoon at Port-Royal in Jamaica.

Bring Port Royal in Jamaica to the strong brass
meridian, and set the horary index to that XII which
is most elevated ;-thefi turn the globe from west to
east, until'the horary index points to TV o'cleck, and
the strong brass meridian will pass over the western
side of the Isle Pasares in the Pacific Ocean, and the
eastern side of the isle La Messa, thence it crosses
the equator, and passes nearly over the islands Men-
doca and Dominica, which places have the sun on
their meridian when it is IV o'clock in the afterncon
at Port-Royal in Jamaica.

150, Thirdly, Let the proposed hour be 30 min.
past V o’clock in the morning at Cape Pasaro in the
island of Sicily.

Bring Cape Pasaro to the strong brass meridian,
set the horary index to that XII which is most elevat-
ed, and tarn the globe westward, because the pro-
posed time is in the morning, till the horary indeyg
points to 5 h. 30 mir. and you'll find the strong brass
meridian to pass over the middle of Siberia, Chinese
Tartary, the kingdom of China, Canton in China, the
middle of the island of Borneo, &e. at all which
places it is noon, (they having the sun upon their
meridian at the sume time) when it is half an hour
past V o’clock in the morning at Cape Pesaro iy
Sicily, —
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ProereM IX. 7o find what hour it is at any
place proposed when it is noon at any giwen place.,

151. Bring the proposed place under the strong
brass meridian, and set the horary index to XII, then
turning the globe, bring the given place to the meri-
dian, and the hour required will be shewn by the
horary index upon the equator. If the proposed
place be to the eastward of the given place, the answer
will be, afternoon ; but if to the westward of it, the
answer is, before noon.

Thus when it is noon at London, it is 4G minutes
past XII at Rome, and 32 minutes past VII in the
evening at Canton in China, and also 15 minutes
past VII o'clock in the morning at Quebee in Cana-
da, and this at one and the same instant of time.

Proprem X. At any given t¥ne of the day in the
place where gou are, 10 find the hour at any other

place propesed.

152. Bring the proposed place under the strong
brass meridian, and set the horary index to the given
time ; then turn the globe till the place where you
are is under the brass meridian, and the horary index
will point to the hour and minute required.

Thus suppase we are at London at IX o'clack in
the morning, what time of the day is it then at
Canton in China? Answer, 3} minutes past IV in
the afternoon.

Also, when it is IX in the evening at London, it
is about 15 minutes past 1V o'clock in the afternoon
at Quebec in Canada.
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Prosrem XI. The latitude and longitude of any
place Leing known, to find that place upon the globe;
or if it be not inserted, to find its place, and fix the
center of the artificial horizon thereon.

153. The latitude of Smyrna in Asia is 38 deg.
28 min. north, its longitude 27 deg. 30 min. east
of London.

Bring 27 deg. 30 min. on the equator counted
eastward of our first meridian to the strong brass cir-
cle, and under 38 deg. 28 min. on the north side of
the equator, you will find Smyrna.

The latitude of Cape Lorenzo in Peru is 1 deg.
2 min. south, and longitude 80 deg. 17 min. west
of London : this place is not inserted upon the globe.
Therefore bring the graduated edge of the moveable
meridian to 80 deg. 17 min. counted westward on
the equator, and shide the diameter of the artificial
horizon to 1 deg. 2 min. south ; and its center will
be correctly placed on that point-of the globe, where
the Cape of Lorenzo ought to have been placed.

The four last problems depend entirely on the
knowledge of the longitude and difference of longi-
tude of places.

7uE scripric EL

154, Is that graduated circle which crosses the
equator in an angle of about 235 degrees; and this
angle is called the ohiiquity of the ecliptic.

This circle is divided into 12 equal parts, each of
which contains 30 degrees ; the beginning of each
12th part is marked with the usual characters, which
with their names are as follow :
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0 1 2 3 4 5 6
Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra,
T 0 o B Q R o
7 8 9 10 11
Scorpio, Sagittarius, Capricarnus, Aquarius, Pisces,
' v o *

il

By these the twelve signs are represented upon the
terrestrial globe. Upon our celestial globe, just
under the ecliptic, the months, and days of each
month, are graduated, for the ready fixing the artifi-
cial sun upon its place in the ecliptic.

The sun’s apparent place is always in this circle;
he advances therein every day about 59 min. 8 sec.

of one degree, and seems to pass through it in a -

tropical year,

155. Those two points, where the ecliptic crosses
the equator, are called equinoctial points, and are
marked with these charrcters Y and = at the begin-
ning of Aries and Libra. ]

The first of these is called the vernal, the second
the autumnal, egquinox.

156. The first degree of Cancer and Capricorn is
marked with the characters & and V§, which two
points are called the solstices 5 the first is the summer
solstice, the second that of the winter, to all the
inhabitants upon the north side of the equator ; but
directly contrary to those on the south side of it.

Although the ecliptic does not properly belong ta
the earth, yet we have placed it upon our terrestrial
globe according to ancient custom ; it being aseful
in some particular cases ; it is chiefly to be regarded
npon the celestial globe.

157. The longitude of the stars and planets is
reckoned upon the ecliptic ; the numbers beginning

e e -
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at the first point of Aries Y, where the ecliptic cros-
ses the equator. and increasing according to the
order of the signs. '

158. The latitude of the stars and planets is deter-
mined by their distance from the ecliptic upou a secon-
dary or great circle passing through its poles, and
¢rossing it at right angles.

150. Twenty-four of these circular lines, which
- cross the ecliptic at right angles; being fifteen degrees
from cach other, are drawn upon the surface of our
celestial globe; which being produced both ways,
those on one side meet in a point on the northern
polar circle, and those on the other meet in a point
on the southern polar circle.

160. The points determined by the meeting of
these circles are called the poles of the ecliptic, one
north, and other south.

161. The longitude of the stars hath been observ-
ed to increase about a degree in 72 years, which is
called the precession of the equinox.

THE CBLESTIAL SIGNS AND CONSTELLATIONS

162. On the surface of the celestial globe are
represented by a variety of human and other figures,
fo which the stars that are either in or near them
are referred.

The several systems of stars, which are applied to
those images, are called constellations. Twelve of
these are represented on the ecliptic circle, and extend
both northward and southward from it. So many
of those stars as fall within the limits of 8 degrees
on bath sides of the ecliptic circle, together with such
parts of their images as are contained within the
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aforesaid bounds, constitute a kind of broad hoop,
belt, or girdle, which is called the zodiac.

The names and the respective characters of the
twelve signs of the ecliptic may be Jearned by inspec-
tion on the surface of the broad paper circle ; and the
constellations from the globe itself.

163. The zodiac is represented by eight circles
parallel to the ecliptic, on each side thereof; these
circles are one degree distant from each other, so
that the whole breadth of the zodiac is 10 degrees.

164. Amongst these parallels, the latitude of the
planets is reckoned ; and in their apparent motion
they never exceed-the limits of the zodiac.

165. On each side of the zodiac, as was observed,
other eonstellations are distinguished ; those on the
north side are called northern, and those on the south
side of it, southern constellations.

166. All the stars which compose these constel-
lations are supposed to increase. their Jongitude con-
tinually ; upon which suppesition, the whole starry
Grmpament has a slow motien from west to east:
:nsomuch that the first star in the constellation of

. Aries, which appeared in the vernal intersection of
she eguator and ecliptic in the time of Meton the
Athenian, upwards of 1000 years ago, is nOW remaov-
ed about 30 degrees. from it.

To represent this motion upon the celestial glabe,
elevate the north pole, so that its axis may be perpen-
dicular to the plane of the broad paper circle, and the
equator will then be in the same plane; let these
represent the ecliptic, and then the poles of the globe
will also represent those of the ecliptic; the ecliptie
line upon the globe will at the same time represent
the equator, inclined in an angle of 23+ degrees to

i e
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" the broad paper circle, now called the ecliptic, and
" eutting it in two points, which are called the equinoc<
tial intersections.

Now if you turn the globe slowly round upon its
axis from east to west, while it is in this position,
these points of intersection will move round the same
way; and the inclination of the circle, which in shew-
ing this motion represents the equinoctial, will not
be altered by such a revolution of the intersecting or
equinoctial points. This motion is called the pre-
ecssion of the equinoxes, because it carries the
equinoctial points backwards amongst the fixed stars.

The poles of the world seem td describe z circle.
from east to west, round the poles of the ecliptic,
arising from the precession of the equinox. This
motion of the poles is easily represented by the above
position of the globe, in which, if the reader remem-
bers, the broad paper circle represents the ecliptic,
and the axis of the globe being perpendicular thereto
represents the axis of the ecliptic; and the two points,
where the circular lines meet, described in Art. 150,
160, will now represent the poles of the world,
whence as the globe is slowly turned from east to
west, these points will revolve the same way about
the poles of the globe, which are here supposed to
represent the poles of the ecliptic. The axis of the
world may revolve as above, although its situation
with respect to the ecliptic be not altered; for the

oints, here supposed to represent the poles of the
world, will always keep the same distance from the
broad paper circle, which represents the ecliptic in
this situation of the globe *®

* RyrperrontH's System of Nat, Phil, vol. IL. p. 730
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167. From the different degrees of brightness in
the stars, some appear to be greater than others, or
nearer to us; on our celestial globe, they are distin-
guished into seven different magnitudes.

GENERAL PHENOMENA ARISING FROM THE EARTH'S
DIURNAL MOTION.

168. The daily rotation of the earth about its axis
is one of the most essential points which a beginner
ought to have in view; for every particular meridian
thereon is successively turned towards every point
in the heavens, and as it were describes circles in
the celestial sphere, perpendicular to the axis of the
earth, and parallel to each other; by which means
the fized stars seem to have an apparent diurnal
motion,

169. Except those two points in the starry firma-
ment, into which the earth’s axis, supposed to be so
far extended, would fall; these two points are called
the celestial poles, which correspond with car terres-
trial north and south poles.

170, We have so contrived our new globes that
the real diurnal motion of the earth and the apparent
diurnal motion of the heavens are represented by them
Art. 85, 86, and thence all problems solved as readily
in south as in north latitudes, and in places on or
near the equator ; by which means we are enabled
to shew, how the vicissitude of days and nights,
their various alterations in length, the duration of the
twilight,” &c. are really made by the earth’s daily
metion, upon the principles of the Pythagorean or
Copernican system. .

In fig. 26, EN QS represent the apparent

——
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concave sphere of the fixed stars, zen q s the globe
of the earth, whiose axis ns is supposed to be extend-
ed to N'S, in the sphere of the fixed ‘stars; all the
stars seem to revolve upon these two points as poles.

1f the plane of the earth’s equator 2z qc® is con-
ceived to be extended to the starry firmament, it will
point out the celestial equator /B 2= Q Y .

N represents the celestial, and n the terrestrial
north pole, S and s thé south pole.

"PARALLELS OF LATITUDE, DECLINATION, TROPICS;

AND POLAR CIRCLES.

171. Fig. 26. That circle which any star seems
todescribe in twenty-four hours is called its parallel :
thus, suppose a right line drawn from C the center
of the earth, through any point d of its sur-
face, and extended to D in the starry firmament, by
means of the earth’s daily rotative motion, the extre-
wmity D of the lime CD will describe the eelestial

arallel Gx D x G, corresponding to the terrestrial
parallel g d, of the point d. If D C be supposed to be
extended to H, the opposite side of the starry firma-
ment, it will describe ancther parallel equal to the
former. :

Those circular lines upon the terrestrial globes,
which are described from the poles, on either side of
the equator, are parallel toit, and are called paral-
lels of latitade, but on the celestial globe they are
called parallels of declination,

There are four principal lesser circles parallel to
the equator, which divide the globe into five unequal
parts called Zones; these are the two tropicsy and the
two polar circles. ‘
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We have already shewn, that the distance of
any parallel from the equator, measured in the
arch of a great circle on the terrestrial sphere, is
its latitude ; and on the celestial sphere; its declina-
nation, Art. 155,

172. If the sun, -moon, a fixed star, or planet,
is sitnated in apy parallel between the eguator /E Q,
fig.: 26, and ;the north pole N, it is said to have
north declivation ; but if towards the south pole §
south declination.

Thus the two parallels GD, and HI, have the
. same decliuation : because they are equally distant
from A Q the.eqguator ; the first hath north, the
last south declimation,

Hence we must observe, that a celestial parallel
G X D, and its correspondent gxd upon the earth,
are two parallel circles, being similar elements of a
cone, whose axis is that of the earth, and apex C,
the center of the earth. Therefore the plane of a
terrestrial parallel cannot be the same with its cor-
respondent celestial parallel ; only the plane of the
celestial equator B==Q Y A, is the same with
that of the terrestrial @ z g, because these two
planes are produced by the same radius C Q, per-
pendicular to the axis NS, ot which the earth or
the heavens are supposed to turn.

If by the earth’s daily rotative motion, a star D
passes over the zenith d of any inhabitant of the
earth, that star is the celestial parzllel, which cor-
respouds to the terrestrial parallel of the observer ;
for the distance of the celestial parallel G D, con-
tains the same number of degrees from & Q, the
celestial equator, as that of the inhabitant’s parallel
£d does from g, the terrestrial equator.

r
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Therefore the measure of the arch of any in-
habitant’s ~ distance from the terrestrial equator,
which is called the latitude of the place, is si-
milar and equal in the number of degrees, to
that fixed star's declination, which passes over his
zenith.

If ‘the inhabitant changes his situation either
north or south, the different declinations of those
stars which pass over his zenith, at the several
places of his removal, will shew his advance to-
wards or regress from the equator.

Whence any place upon the earth may be repre-
sented by its corresponding zenith point, in the ap-
parent concavity of the starry sphere; as shall be
hereafter shewn.

173. Upon our new terrestrial globe, there are
twenty-three parallels drawn at the distance of one
degree from each other, on both sides the equator ;
which, with two other parallels at 23% degrees
distance, include the ecliptic circle; these two are
called the tropics. That on the north side of the
equator is. called the tropic of Cancer; and the
other, which is on the south side of it, the tropic
of Capricorn.

174. The spdce between these two tropics, which
contains about 47 degrees, was called by the anci-
ents, the torrid zone. -

* The two polar circlesare placed at the same dis-
tance from the poles,. that the two tropics are from
the (—;quatar.

One of theseis called the northern, the other the
southern polar circle.

These include 231 degrees on each side of their
respective poles, and consequently contain 47 de-

o
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grees, equal tothe number of degrees included be-
tween the tropics.

175. The space coutained within the northern
polar circle, was by the ancients called the north
frigid zone, and that within the southern polar cir-
cle, the south frigid zoue.

176. The spaces between either polar circle, and
its nearest tropic, which contain about 43 degrees
each, were called by the ancients the two temperate
zones.

177. Whenever any parallel passes through two
places on the terrestrial globe, these places have the
same latitude.

Also all those stars which are in the same pa-
rallel upon the celestial globe, have the same de-
clination.

And.as the ecliptic is inclined to the equator in an
angle of 23.% degrees, and is included between the
tropics, every parallel in the torrid zone must ne-
cessarily cross the ecliptic in two places ; which two
points shew the sun’s place, when he is vertical to
the inhabitants of that parallel ; and the days of the
month upon the broad paper circle answering to
those -points of the ecliptic. are the days on which
the sun passes directly over their heads at noon, and
are called their two idsummer days: whence the
inhabitants of the torrid zone have ‘two summers
and two winters every year.

Hence as the earth’s progressive, or rather ap-
parent annual motion, seems to be in the celestial
ecliptic, the sun’s declination is thereby changed
gradually every day. Therefore on our new ter.
restrial globe, s mentioned in Art. 173, we have
drawn parallels through the whole space of the

F 2
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torrid zowe, and the two spaces within the polar
circles, to give a general and clear idea of the sun’s
apparent passage from one tropic to anothier,

THE COLURES

178. Are circalar Tines drawn on the celestial
globe from pole to pole, (as weridians are upon
the terrestrial globe) crossing the equator at
right angles, and being secondaries to it.  Art.
1Y40.

179. The two cclestial meridians which ‘pass
through the first point of ¥ and == making together
one great circle, are répresented by ~the  eircle
B K =B, in fig. 26, and are called the equi-
noctial colure. The points marked Y and == are
called the ‘equinoxes, or equinoctial points. -

180, The two celestial meridians represented by
the circle N SQN, passing through the sol-
stitial points” (marked &5 and v§) of €ancer and Ca-
pricorn, are called the solstitial colure.

181, These colures cut each other at right
angles in the poles of the world, and divide the
celestial équator, ‘ecliptic, and zodise, inte foar
equdl parts, which points determine the four
seasons of the year. ‘ See Art. 34 to 41, and Art.

“187.

The equi::out'};ai colure only passes through the

oles of the world at n'and s. - Bat,

The solstitial colure passes through the poles of
the world at v and s, and also through the poles of
the ecliptic at B and K, fig. 26.

Whenee ‘it happens in every daily rotation of ‘the
garth” about ifs axis, that the solstitial and equi-
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noctial . colures are twice blended with every.
meridian upen the surface of the .earth: conse-
quently, each pole of the ecliptic appears to pass,
once every day, OVEr all the meridians of the ter-
restrial sphere. .

189. All those circular lines that are, or may be
supposed, drawn on the celestial globe, which pass
through the pales, cutting the equator at right
angles, are called circles of declination ; because the
declination of those- points or stars through which
they pass, or the distance of those stars from the
equator, is measured upon these circles : and this 18
done by hringirﬁg the divided edge of the moveable
meridian to any star. :

Hence the thin brass semi-circle, Art. 115, which
we call the movecable meridian, is 2lso a moveable
circle ‘'of declination.

ARCTIC AND ANTARCTIC CIRCLES, OR CIRCLES OF
PERPETUAL APPARITION AND OCCULTATION.

183. The largest parallel of latitude on the ter-

restrial globe, as well as the Jargest circle of decli-
nation on the celestial, that appears entire above the
horizon of any place in north latitude, was called by
thesancients. the arctic circle, or circle of perpetual
apparition.

Between the arctic circle and the north pole in
the celestial. sphere, are contained all those stars
which never set at that place, and seem to us, by
the rotative motion of the earth, to be perpetually
carried round above our horizon in circles pavallel to
the equator.’

The largest parallel of latitude on the terrestrial,
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and the largest parallel of declination on the ce-
lestial globe, which is entirely hid below the ho-
rizon of any place, were by the ancients called
the antarctic circle, or circle of perpetual oc-
cultation,

This circle includes all the stars which never
vise in that place to an inhabitant of the north-
ern hemisphere, but are perpetually below the
horizon.

All arctic circles touch their horizons in the north
point, and all antarctic circles touch their horizons
in the south point; which point, in the terrestrial
and celestial spheres, is the intersection of the
meridian and horizon.

If the elevation of the pole be 45 degrees, the
most elevated part either of the arctic or antarctic
circle, will be'in the zenith of the place,

If the pole’s elevation be less than 43 degrees,
the zenith point of those places will fall without
its arctic or antarctic circle. If greater, it will fall
within,

Therefore the nearer any place is to the equator,
the lesser will its arctic and antarctic circles be ; and
on the contrary, the farther any place is “from the
equator, the greater they are. * So that,

At the poles, the equator may be considered as
both an arctic and antarctic circle, because its plane
is coincident with that of the horizon,

But at the equator (that is, in a right sphere)
there is neither arctic nor antarctic cirele.

They who live under the northern polar circle,
have the tropic of Cancer for their arctic, and that
of Capricorn for their antarctic circle.

And they who live on either tropie, have one of
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the polar circles for their arctic, and the other for
their antarctic circle.

Hence, whether these circles fall within or with-
out the tropics, their distance from the zenith of
any place is ever equal to the difference between the
pole’s elevation, and that of the equator above the
horizon of that place.

From what has been said, it is plain, there
may be as many arctic and antarctic circles, as
there are individual points upon any One meri-
dian, between the morth and south poles of the
earth.

184. Many authors have mistaken these muta-
ble circles, and have given their names to the im-
mutable polar circles, which last are arctic and
antarctic circles, in one particular case only, as has
been shewn.

THE CAUSE OF THE DAILY CHANGE IN THE DE-
CLINATION OF THE SUN,

185. Arises from the earth’s annual motion in
the ecliptic, the inclination of its axis, and its al-
ways moving parallel to itself.

Imagine the plane of the earth’s orbit extended
as far as the fixed stars, it will there mark -out the
circle 5, =, ¥, Y, %, which we call the celestial
ecliptic; see fig. 26

From this comparison -of the earth’s orbit with
the celestial ecliptic, is derived the ancient rule to
find the sun’s place, if we first find the earth’s place,
either by observation or -calculation s SiX signs
added to or subtracted from it gives the sun’s fifie
place in the ecliptic. Consequently it i3 the same
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when we ‘consider the daily motion of the earth
about her equatorial axis, ]F‘[‘llE\CﬂtL(l by the ter-
restrial globe, whether we suppose the earth
the sun, to have an annual motion.

It is also the same thing “in the use of the ce-
lestial globe, whether we suppose the earth to tum
upon her equatorial axis, or the starry sphere to
revolve upon the extrémities of the same axis ex-
tended to the heavens : the result in either case will
be the same, provided we conceive ourselves at the
center of the globe.

186. We shall therefore sappose the sun’s ap.
parent annual motion to be m the plane of l;e ce-
lestial ecliptic, Art. 34 to 41, and in his passage
through ‘it, “describing by a ray connecting the
centers of the earth and sun, a different circle of

eclination, parallel to the equator every day.
Whereby all who inhabit any of those places on
the earth which are situiited between the terrestrial
tropic of Cancer represénted in fig. 26, by o5, e,

and the terrestrial tropic of C“Ul‘k.(h{] repre Jted
by h; V¢, have thHe sun at the time he is de-

seribing their parallel, ‘in “their zenith; or directly
verlu.ﬂ or over their heads, which happens twice -
every year.

187. Whence the inhabitants of those places,
as well as mariners who pass ‘between the tro-
rim have a (‘GrrGCPGnding zenith point, where
their latitude is equal to the sun’s parallel - of de-
clination, from the sun by day, and from the stars
by night.

It is easily conceived, that'if the planes of the
equator and ecliptic’ were " united in one continued
plane, a central solar ¥4y, connecting the cenkers o

i .

h, ‘or

e,
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the earth and sun, would by the earth’s diurnal mo-
tion describe the equator every day; but, as we
have before observed; the sun does apparently de-
describe a different parallel every day: wherefore
the ecliptic and equator are inclined to each otherin
an angle confirmed by observation of about 23 deg.
20 min.

Let the sun’s apparent annual motion be repre-
sented by the circle &5, ==, 1, %, fig. 26, which
bisects the celéstial equator A2 QY A in. the
points == and 7" ; the first of these is called the
aatumnal, the second the vernal, equinoctial point.

When the sun is in ==, he appears to describe the
equator, at which time he has no.declination ; and
as he proceeds gradually from =o= towards V9, his
southern declination continually increases, and he
describes less and less parallels, till be appears in ¥3,
and describes the tropic of Capricorn ; being then
at his grcatest southern declinationy viz. at his
greatest distance from the- equator southerly, and
also in the winter solstice. ;

In passing from ¥§ to 1", his declination decreases,

and the parallels he describes are greater and greater, .

until he comes to Aries, or the vernal equinox, and
again has no declination, describing the equator as
before.

As he advances from thence towards g5, the de-
clination increases, and the parallels described are
Jess and less; until he arrives at 95, or the summer
solstice ; being then at his greatest northern decli-
nation, describing the tropic of Cancer. -

Thence proceeding forwards towards ==, the de-
clination continually decreases, aad the parailels
described increase till the san's arrival at the next

3
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suceeeding autumnal equinox ; where he again de-
scribes the equator, having no declination ; and
completes the length of a mean solar tropical year,
containing 366 d. 5 h. 40 mn.

What we have said with respect to summer and

winter solstices, is to be understood with relation to

those places which lie between the equator and the
nerth pole ; but to the places between the equator
and south pole the contrary happens. ,

The two equinoxes are the same to all the inha-
bitants of ‘the earth.

We have been thus particular in our deseription
of the sun’s apparent annual motion, for the use of
beginners; and we hope this consideration will plead
in our behalf, if we should appear tedious or trifling
to those who are masters of the subject.

But what has been said, might yet be more clearly
illustrated by an orrery or a tellurian, which shews
the annual and diurnal motions of the earth, and
parallelism of its axis, &c. and by the different po-
sitions of the earth’s axis, with respect to her en-

Jightened disc, will make it appear to the eye as it

is really understood by astronomers; and then we
may with more propriety repair to the use of the
globe itself.

TO SUPPLY THE WANT OF A TELLURIAN,

188. Describe a circle A B CD, fig. 8, with chalk
upon the floor, as large as the room will admit ef,
that the globe may be moved round upon it: divide
this circle into twelve parts, and mark them with the
characters of the twelve signs, as they are. engraved
i fig. 8, or upon the broad paper circle; placing o5
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at the north, V§ at the south, ¥ in the east, and ==
in the west: the mariner's compass under the globe
will direct’ the situation of these points, if the va-
riation of the magnetic needle be attended to.

Nete. At London  the variation is between 20
and 21 degrees from the north westward.

Elevate the north pole of the globe, so that 064
degrees on'the strong brass meridian may coincide
with the surface of the broad paper circle, and this
eircle will then represent the plane of the ecliptic, as
mentionéd in Article 103,

Set a small table or stool over the center of the
chalked circle to represent the sun, and place the
terrestrial globe upon its circumference over the
point inarked V§, with the north pole facing the ima-
ginary sun, and the north end of the needle point-
ing to the variation : this is the position of the earth
with respect to the sun at the time of the summer
solstice about the 21st of June: amd the earth’s
axis, by this rectification of the globe, is inclined to
the plane of the large chalked circle, as well as to
the plane of the broad paper circle, in an an angle
of 231 degrees; a line or string passing from the
center of the imaginary sun to that of the globe,
will represent a central solar ray connecting the
centers of the earth and sun: this ray will fall up-
on the first point of Cancer, and deséribe that circle,
shewing it to be the sun’s place upon the terrestrial
ecliptic, which is the same as if the sun's place, by
extending the string, was referred to the opposite
side of the chalked circle, here represeﬂtiﬂg the
earth’s Path in the heavens. :

If we conceive a plane to pass through the axis
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of the globe, it will also pass through the sun’s
center, and the points of Cancer and Capricorn in
the terrestrial and celestial ecliptic ;  the  central
solar ray in this position of the earth is alsg in that
plane ; .this can never happen but at the tiwnes of
the solstice.

If another plane be conceived to pass through the
center of the globe at right angles to the central
solar ray, it will divide the globe into two hemis-
pheres; that next the center of the chalked circle
will represent the earth’s illuminated disc, the con-
trary side of the same plane will at the same time
shew the obscure hemisphere.

The intelligent reader, for the use of his, pupils,
may realize- this second plane by cuiting away a
semicircle from a sheet of card paste-board, with
a radias of about 1L tenth of an iuch greater than
that of  the goble itself ; if this plane be applied to
061 degrees upon the strong brass meridian, it will
be in the pole of the ecliptic; and in every situation
of the globe round the circumference of the chalked
circle, it will afford a lively and lasting idea of the
annual and diurnal motion of the earth, of the vari-
ous phzpomena arising from the parallelism of the
earth’s axis, and n particular the daily change of
the sun’s declination, and the  parallels t]lf:!'l_"b_}'
described. : )

Let the globe be removed from V§ to 2=, and the
peedle pointing to the variation as before will pre-
sarve the parallelism of the earth’s axis ;. thenit will
be plain, that the_sl;rlng or central solar ray will fall
upon the first point qf Leo, six signs distant from,
but oppesite to the sign 2, upon which the globe
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stands » the central solar ray will now describe the
ooth parallel of north declination, which 'will be
about the 23d of July:

If the globe be moved in this manner from point
to point round the circumference of the chalked
circle, and care be taken at every rémoval that the
north end of the magnetic needle,” when settled,
points to the degree of the variation, the nerth pole
of the globe will be observed to recede from the line
connecting  the centers of the earth and sun, until
the globe is placed upon the point Cancer : after
which, it will at every removal tend more'and more
towards “the said line, till it° comes’ to Capricorn
again.

Prosrem XIL | To rectify either globe to the
latitide ‘and horizon of any place.

19g. If the place be in morth latitude, raise the
north polt‘; i€ i south Jlatitude; raise the south
pole, util the degree of the given latitude, reckoned
on the strong brass meridian under the elevated
poleicuts the plane of ‘the broad paper circle; ‘then
this cirele will represent the horizon of that ‘place.

To rectify for the sun’s place.

ig0: After the former rectification, bring the de-
gTECS of the sun’s place in the ecliptic line upon the
globe to the strong brass meridian, and set the
horary index to that X1Ith hour upon the equator |
which is'most elevated.

191. Or, if the sun’s place is to be retained, to
answer various conclusions, « bring the graduated
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edge of the moveable meridian to the degree of the
sun’s place in the ecliptic, upon the celestial globe,
and slide the wire which crosses the center of the ar-
tificial sun thereto: then bring its center, which is
the intersection of the aforesaid wire, and graduated
edge of the moveable meridian, under the strong »
brass meridian as before, and set the horary index
to that XII on the equator which is most elevated.

To rectify for the zenith of any place.

102. After the first rectification, screw the nut
of the quadrant of altitude so many degrees from
the equator, reckoned on the strong brass me-
ridian towards the elevated pole, as that pole is
raised above the plane of the broad paper circle,
and that point will represent the zenith of the
place.

Note. 'The zenith and nadir are the poles of
the horizon, the former being a point directly
over our heads, and the latter, one dircctly under
our feet.

193. If you are doubtful whether the proper
point of the brass meridian is correctly cut, when
set by the eye, apply a card cut in the shape of fig.
27, to the place, flat upon the broad paper circle,
and it will be truly adjusted.®

If, when the globe is in this state, we look on
the opposite side, the plane of the horizon will eut
the strong brass meridian at the complement of the
Jatitude, which is also the elevation of the equator
above the horizon.

* Sec the! Advertisement at thie epd of the Preface,
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prostem XIIL. T find the moon’s mean place
upon the celestial globe, her ~age and day of the
month being hnown.

104. The moon increases her longitude in the
ecliptic every day about 13 deg. 10 min. by which
means she crosses the meridian of any place
about 50 minutes later than she did the pre-
ceding day.

Thus if her place be in the 12th degree of
Taurus any day at noon, it will be 25 deg. 10 min.
in Taurus on the succeeding noon.

It is new moon when the sun and moon have
the same longitude, or are in or near the same
point of the ecliptic. '

When they have opposite longitudes, or are in
opposite points of the ecliptic, it is fall moon.
Art. 56 to 04.

To perform the problem tolerably near the truth,
without having recourse to an ephemeris, which
may nof always be at hand,

Find the day of the new moon mext preceding
the given day of the month in any common alma-
nack, the number of days clapsed is the moon’s
age.

The equator on our new celestial globe is di-
vided by large dots into 20} equal parts, ach of
which is directed by a short dotted line, to anum-
per marked in Roman figures, expressing the several
days of the moon's age.

THE RULE.

195, Elevate the north pole of the celestial
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globe to O degrees, and then the equator will be
in the plane of, and coincide with the broad paper
circle; bring the first point of Aries, marked Y
on the globe, to the day of the new moon on the
said broad paper circle, which answers to the sun’s
place for that day ; and the day of the moon’s age
will stand against the sign and degree of the
IMoon’s mean phce, to W]]]Lh set the artificial moon
upon the ecliptic on the globe.

Bat if you are p]'ovided with  an ep]‘nemcris,**
that will give the moon’s latitude and place in the
ecliptic; first note her place in the ecliptic upon
the globe, and then counting so many degrees
amongst the Pﬁi'&.“cls in the zodiac, either above or
below the ecliptic, as her latitude is north or
south upon the given day, and that will be the
point which represents the true place of the moon
for that time, to which ‘u,ph the artificial moon.

106, Note. The artificial moon is a small thin
piece of brass in form of a crescent, having two
holes a and b, fig. 28, through which a small
string of silk twist is put, that it may slip back-
wards or forwards upon it.

To one end c of this silk string is tied a small
piece of brass d e ¢ with three holes at dec.

The manner of putting it upon the globe is this
first put the crescent ab, on the string; and the
piece of brass, by passing the string th (Junh the
two holes d, e, the string being as yet jt,ft free.
The two cnc]s of the strmn' being loose, pass. the
end F round the north po]c of the g.obc, in g
groove made for that purpose, and tie it into a
Kioe loop like F' g, then put the other.end of the

*The Nautical Almanack is the best English Ephemeris extant-
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string G ¢ round the south pole, and tie it fast to
the hole at c: then by pulling the piece dec up-
wards, the string may be tightened on any part of
the globe. and pushing it downwards will slacken
it; that it may be removed to any other p]ace, and
then tightened again.

Proervem XIV. 7o represent the apparent di-
wrnal motion of the sun, moon, and stars, on the
celestial globe,

197. Find the sun’s place in the ecliptic, by Pro-
blem i. Art. 98, and to that point on the esliptic
line which is drawn upon the globe, set the center
of the artificial sun, Also,

Find the moon’s place by Problem xiii. Art. 104«
and set the center of the artificial moon upon it.

Rectify the globe to the latitude, sun’s place,
and zenith, by Problem xii. Art. 189, 190, and
192.

The globe being turned round its axis from east
to west, will represent the apparent motion of the
sun, moon, and stars, for that day.

108. When the center of the artificial sun is in
the plane of the horizon on the eastern side, the
horary index shews upon the equator the time of
Sun qulng

199. All those stars which are then in the
plane of the horizon on the eastern side, are at
the same instant of time rising with the sun, and
those on the western side of the horizon, aré then
setting.

Their distance from the true east or west points

G
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of the horizon, is called the sun or star's am-
plitude,

200. And when the center of the artificial moon
comes to the borizon on the eastern side, the
horary index will point to the hour azd minute of
her rising.

And those stars on the eastern edge of the ho-
rizon are then rising with her, whilst at the same
time all the stars, cat by the western edge, are
setting.

201. That degree and minute of the equator
which is cut by the plane of the horizon; at the
same time that the center of the artificial sun,
moon, or any, star, is also cut by the said plane,
is the very point of the equator, which rises with
either ‘of them, and is called the sup, jmoon,. Or
star’s oblique ascension.

n02. As the sun ascends in the heavens till; it
culminates, or comes under the graduated side: of
the strong brass meridian, the horary index will
successively  point to.the hours  before, noon ; but
when it .is under it the horary index points, at
XII o'clock, and that degree and minute on the
equator, . which is then cut by the brass meridian,
s called the sum’s right ascension, that is, its dis
tance from the first point of Aries, reckoned in de-
grees, minutes, &c. upon the equator.

003. At the same time, that degree of, the brass
metidianywhich  is. direetly  oyer. the artificial sun,
is his declination, Art, 133, for that day.

The -same is to be obseryed of the moon OT any
stir, as they ascend in the heavens, till they cul-
minate <or, come under, the. meridian, the horary
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mdex constantly pointing to the hour of . the day
or might ; their right ascemsion and- declination
are also shewn in the same manner as) that of the
Gt - '

204. Whilst the sun.descends from:the merit
dian westward, the herary index snccessively shews
the hours after noon, St

And when the eenter of the artificial sun is in
the plane of the horizon on the western side, the
horary index shews the time of, sun setting ; and
that point of the equator which is then cut by the
plane of the horizon, is the pointi:which 'sets with
the sun, and is-ealled his oblique descension.

205. The number of  degrees on the ‘equator
contained - between the ‘points of 'his oblique as-
cension, ‘and right ascensiony or between the points
of his right ascension, and oblique descension;
called “his ascensioral difference. ;

Observe the sameswith respect: to' the moon. ot
any star: as they descénd from the  meridian west:
ward, the horary index/will successively shew the
tine fof their - argival at any given point, ' their
setting, oblique desecension, and ascensional differs
ence, 1n tie 'same mammer as before desetibed’ in
relation to the sun. )

The rising, colminating, setfing, '&ei ‘of 'any
planct may be obtained, if the place of! the' planet,
its longitude and latitude heing taken from© an
ephemeris, be ascertained 3 and an artifidial . planet
set theretoy in the manner:in which lwe' have diz
rected the artificial. mooni to be: pladed upen’ the
globe, Art. 190, or this last may ocehsionally repres
gent a, planet. -

Thus on the 18th day of June, A.D, 1760 new

G 2
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stile, being the first year after bissextile, the sun’s
place will be II, 27 deg. 22 min. the moon’s place
1, 18 deg. 0 min. her latitude north 0 deg. 50-min.
The full moon about 1 of an hour past VIII o’clock
in the morning ; to which places, if the artificial sun
and moon be set, a beginner may readily exercise
himself in finding the proper answers agreeable to
these data, by the directions in this problem.

PARALLELS OF ALTITUDE.

200. The globe remaining rectified as in the last
pmblern, the uppermost point represents a point in
the heavens directly over our heads, which is called
the zenith: and as the brass quadrant is moveable
about its upper end as a center, when that center
is fined to the latitude of the place upon the strong
brass meridian, it will be in the zenith, and the
beginning of its graduations will coincide with the
plane of the broad paper circle, which in these cases
represents the horizon of the place.

If the quadrant be meoved about the globe, its
first division will describe the horizon. And,

At the same time, all its intermediate divisions
will describe circles parallel to the horizon ; the
point marked 10 describes a parallel of 10 degrees,
the point marked 20 a parallel of 20 degrees, and
s0 of any other point.

207. These circles parallel to the horizon are
called parallels of altitnde, because they shew the
glevation of the sun, moon, stars, or planets, above
the plane of the horizon :

And the divisions on the quadrant itself in each
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case represent the distance of every secondary to
the horizon.

Proprem XV. 7o find the sun’s altitude at any
given time of the day.

208. Set the center of the artificial sun to his
place in the ecliptic upon the globe ; and rectify it
to the latitude and zenith, by Problem xii. Art,
180, &c.; bring the center of the artificial s@in
under the strong brass meridian, and set the hour
index to that XII which is most elevated ; turn
the globe to the given hour, and move the graduated
edge of the quadrant to the center of the artificial
sun; and that degree on the quadrant which is
cut by the sun’s center, is the sun’s height at that
time. :

The artificial sun being brought under the strong
brass meridian, and the quadrant laid upon its cen-
ter, will shew its meridian, or greatest altitude, for
that day. '

If the sun be in the equator, his greatest ot
meridian altitude is equal to the elevation of the
equator, which is always equal to the co-latitude of
the place.

AZIMUTH OR VERTICAL CIRCLES.

20Q. An azimuth circle in astronomy, is the
very saine as a eircle of position in geography 3 they
being secondaries to the horizon, or great circles
passing through the zenith of any place, and crossing
the horizon at right angles: either in the heavens,
called azimuths : or on the earth, circles of position.
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Any azimuoth circle may be represented by the
quadrant of altitude, when the center upon
which it turns is screwed to that point of the
stronig brass meridian, which answers to the Ilati-
tude of the place, and the place brought into the
zenith.

Suppose at London, if you bring the divided
edge of the quadrant to 10 degrees on the inner
edge of the broad paper circle, it will represent an
azimuth circle of 10 degrees; if you set it to 20,
1t will represent an azimuth circle of 20 degrees;
and so of any cther.

If the quadrant of altitude be set to O degree,
that is either upon the east or west points of the
broad paper eircle, it will then represent that se-
condary to the horizon, or azimuthal circle, which
is called the prime vertical,

Prosrem XVI. 7o find the azimuth of the sun,
or any siar.,

210. Rectify the globe to the latitude and sun’s
place, Art. 1809, 100, then turn it to the given
hour, and bring the divided edge of the quadrant
of altitude to the sun’s place in the ecliptic, or to
the center of any star, and it will cross the horizon
at the azimuth regnired.

The distance of that point of the horizon, in
which the sun appears to rise or set, counted
from the prime vertical, * Art, 209, or east and
west- points of the horizon, s called the sun’s
amplitude,
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Conortaky. Lo find the angle of position of
places.

211. The angle of position is that formed be-
tween the meridian of one of the places, and 2
great circle passing through the other place.

Rectify the globe to the latitude and zenith of
one of the places, Art. 189, 102, bring that place
to the strong brass meridian, set the graduated
edge of the quadrant to the other place, and the
number of degrees contained between it and the
strong brass meridian, is the measure of the angle
sought. Thus,

The angle of position between the meridian '
of Cape Clear in Ireland, and St. Augustine in
Florida, is about 82 degrees north westerly; but
the angle of position between St. Augustine and
Cape: Clear, 18 only about 46 degrees north
easterly.

Hence it is plain, that the line of position, or
azimuth, is not the same from either place to the
other, as the romb-lines are.

Corotrary. To find the bearing of one place
Jrom another.

212. The bearing of one sea-port from another
s determined by a kind of spiral called a romb-
line, passing from one to the other, so as to make
equal angles with all the meridians it passeth by ;
therefore if both ‘places bare situated on the same
parallel of latitude;’ their bearing is either east or
west from each ether; if they are upon the same




88 Description and Use of the

meridian, they bear north and south from one
another ; if they lie upon a romb-line, their bearing
is the same with it; if they do not, obserye to
which romb-line the two places are nearest parallel,
and that will shew the bearing sought.

Thus the bearing of the Lizard Point from the
island of Bermudas is nearly E.N.E.; and that of
Bermudas from the Lizardis W. 8. W. ; both nearly
upon the same romb, but in contrary directions.

A PARALLEL SPHERE

213. Is that position of the globe, in which the
poles are in the zenith and nadir, its axis at right
angles to the equator and horizon, which coin-
cide ; and consequently those circles which are
parallel to the equator, are also parallel to the
horizon.

The inhabitants of this sphere, if any there be,
must live upon the two terrestrial poles, and will
have but one day and one night throughout the
year ; and the moon, during half her monthly
course, will never rise, and during the other half
will never set: all the fixed stars, visible to those
people, will describe circles every day parallel to
their horizon.

A RIGHT SPHERE

214. Is that in which the inhabitants see both
poles in their horizon, the equator passing through
their zenith and nadir, and all the -circles parallel
to the equinoctial perpendieular to their horizon,

3
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These people live upon the terrestrial equator,
consequently all the heavenly bodies will always
rise and set perpendicularly to them ; and their
daysand nights will be of an equal length through-
out the year.

AN OBLIQUE SFHERE

215. Hath one of the poles of the globe above,
the other under the horizon ; the equator in all the
cases of this sphere is half above, and half below
the horizon, and all its parallel circles cut the he-
rizon obliquely.

That arch of any parallel of declination in the
celestial, or of latitude in the terrestrial sphere
that is above the horizon, is called the dinrnal
arch, And |

The remaining part of it, which is below the ho-
rizon, is called the nocturnal arch. ;

These arches, with respect t0 the sun’s apparent
motion, determine the different length of days and
nights.

The inhabitants of this sphere are those who live
on all parts of the earth, except those at the poles
and upon the equator.

OF THE TWILIGHT.

That light which we have from the sun before it
riges, and after it sets, is called the twilight.

216. The morning-twilight, or day-break, begins
when the sun comes within 18 degrees of the ho-
rizon, and continues till sun-rising.

The e\:eniug [\’\-‘"lliglit bcgins at the time of the
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sun-setting, and eontinues till it is 18 degrees below
the horizon.

For this purpose on our new globes, a wire circle
js fixed 18 degrees below the surface of the broad
paper circle; so that

All those places which are ahove the wire circle
will have the twilight, but it will be dark to all
places below it.

At the time of winter solstice, when the whoale
space within the northern polar circle is out of the
sun’s light, the greater part of it enjoys the benefit
of twilight ; there being only about 54 degrees
round the pole that will be totally dark.

We have here only considered the twilight re-
flected to us from the earth’s atmosphere by the
sun himself; besides which the body of the sun
is always encompassed with a sphere of light, which
being of a larger circumference than the sun, must
rise before him, and set after him ; which conse-
quently lengthens the twilight by illuminating our
air, when the sun is depressed too low to reach it
with his own light: this seems fo be the cause,
why the sun is preceded by a luminous segment of a
circle in the east before his rising, different from
that light reflected by the atmosphere from the bor!y
of the sun; the like to which may be observed in
the west after sun-set.

70 REPRESENT THE EARTH'S ENLIGHTENED DISC BY
THE TERRESTRIAL GLOBE.

217. We have a]ﬂ?ﬂdy shewn how the earth’s
diprnal motion is represented by the motion of the
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terrestrial globe about its axis from west to east;
and that the horary index will point upon the equator
the 24 hours of one diurnal rotation, or any part of
that time.

The broad paper circle, under this consideration,
will be now employed to represent a plane supposed
to pass through the center of the earth, perpen-
dicular to a central solar ray: or in other words,
per;;-(-nrii(‘u‘:-.11' to a line supposed to be drawn from
the center of the sdn to that of the earth at all
times of the year.

In which case, the broad paper circle divides that
half of the earth’s surface, which is illuminated by
the sun’s rays, from the other hemisphere which is
not enlightened.

218. That the globe may appear to be so en-
lightened, conceive a sun painted on the ceiling of
the room 1 which you are, directly over the ter-
restrial globe, and of the same diameéter; from
whence imagine an infinite namber of parallel rays
falling perpendicularly downwards upon the upper
surface of the globe, which here represents the il-
luminated hemisphere of the earth's enlightened dise.

Whence it is plain, that the central solar ray is
the only one which passes through the centers of
the sun and earth, as well as the only ray that can
possibly be perpendicular to the earth’s surface; all
other solar parallel rays will fall more and more
oblique, as they are farther from the central ray,
till their orrival at the edge of the enlightened disc,
here rep:'esenietl by the inner edge of the broad
paper circle, where they will become parulicl to
the horizons of all places then under the said edge
of the dise,
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In one diurnal revolution of the earth, the central
solar ray describes the parallel of the sun’s declina-
tion; or rather that parallel, to the inhabitants of
which the sun that day will pass directly vertical, or
over their heads.

From this application of the terrestrial globe, we
see the natural cause of the different altitudes of
the sun at different times of the day, and at different
seasons of the year; which arise from the earth’s
daily rotative and progressive motion, &c.

When we view the globe in this position, we at
once see the situation of all places in the illuminated
hemisphere, whose inhabitants enjoy the light of
the day, while at the same time all those places be-
low the broad paper circle are deprived of the sun’s
light, and have only twilight so far as the wire circle,
and all below that, have total darkness, when the
moon does not shine on them.

And by observing the angles made by the meri-
dians, drawn on the globe, cutting any parallel of la.
titude at the edge of the broad paper circle, with the
strong brass meridian, we see the semi-diurnal arches
continually decrease from the elevated pole, till they

come to the oppasite part of the earth’s enlightened
dise.

Prorrem XVI. 7o rectify the terrestrial glole,
that the enlightened half of the earth’s surface may
be all above the broad paper circle for any time of
the year; the sun being supposed in the zenith.

219. On the backside of the strong brass meridian,
and on each side of the notth pole, are graduated, in
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two concentric spaces, the months and days of the
year.

Bring the day of the month to coincide with the
broad paper circle, and the terrestrial globe is
rectified.

When the globe is thus rectified, that degree and
minute upon the graduated side of the brass meri-
dian, which is then cut by the pliane of the broad
paper circle, is the distance of the shade of extu-
berancy upon the earth’s disc, reckoned from the
pole, and is equal to the sun’s declination for that
day; and is therefore also equal to the latitude,
counted from thie equator, of all those places to
which the sun is vertical; and this point on the
brass meridian represents the central solar ray de-
scribing the parallel of the day.

If now the globe be turned from west to east, alt
those places which arrive at the western edge of the
broad paper circle are passing out of the twilight
into the sun’s light ; and the sun then appears rising
to all the inhabitants.

At the same time, if you look upon the eastern
edge of the broad paper circle, it will cut all those
places which are then passing from the sun’s light
into the twilight ; whose inhabitants will see the sun
setting, and enjoy the twilight, until they arrive at
the wire circle, which is placed 18 degrees below the
illaminated disc, at which time they enter into total
darkness.

The graduated side of the strong brass meridian
shews, at the same time, all those places which have
tnid-day or noon.

If the horary index be set to XII, when any par-
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ticular place is brought under the strong brass meri-
dian, it will shew, as you turn the globe from west
to east, the precise time of sun rising, setting, &c.
at that place.

The horary index will also shew how long a plice
15-moving from the west to the east side of the illu-
minated disc, here represented by the broad paper
eircle, and thence the length of the day and night ;
it will also point out the length of the twilight, by
shewing the time in which the place is passing from
the, twilight circle to the edge of the disc on the
western side, or from the edge of the dis¢ to that
circle on the eastern side ; and thereby determining
the length of its whole artificial day.

We  shall proceed to exemplify. these particu-
lars at the times of equinox and solstice.

Proprem XVIIL: The time of " egquino.

220. The sun has no declination at the times of
equmox, conbcqututly there must be no elevation of
the poles.

Bring the day of the month on the backside of the
strong brass circle, in. which the sun enters the first
point of Aries or, Libra,into the p]ar(, of the broad
paper circle, and. then the two poh_s af the globe will
be in that plane also ; randall those circles m.lch
parallel to the eguator. will cut the
broad circle at 1'ight angles, and the
reprLSEnt a I‘igfht 'p 1€re;

If you now turn the qloon from west to, east, it will
plainly appear, that all places upon, its surface are
twelve hours above the broad paper circles and | as

are

£ i1k
‘{_, e ar  that

globe will thea
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- many below it; which shews, that the nights are
equal to the days to all the inhabitants of the earth;
that is, they are illuminated by the sun’s rays twelve
hours: whence these are called the equinoctial sea-
sons, two-of which oceur in every year; the first is
the autumnal, the second the vernal equinox.

At these times the sun appears to rise and set at
the same instant to all places in the same meridian.

But their. twilight is longer as their situation is
nearer to either pole ; in so much that within118
degrees of the poles, - their twilight is twelve hours,
consequently there is no dark might.in those places
at the times of equinox: when at the same time
those placesunder the equator, have only one hour
and. 12 minutes twilight ; so that their artificial day
is about 14h. 24m. at these two seasons of the year.

Thus, ;if London and: Mundford on -the. Gold
Coast; be brought to. the strong brass meridian, the
graduﬁtcd side of which  is in this case the horary
index 3 (though in other cases the hour,index is to
be set Yo that.XIL whichyisimost jelevated;) if
then they be brought to the west side, of the broad
paper circle, the index; will point to VI.o'clock for
sun-rising; and to VI for, sup,setting, when these
places are brought to the eastern. side..

Also, if London,be, turned from the west towards
the. east, and the honr iudex be set to XII as before,
if.. you turn it till the island of Jamaica comes to the
meridian, it _willl shew an,the equator, the hour af-
ter noon at London, when it is noon at Jamaica ; or
that London passes under the meridian about 5h,
4 min. before Jamaica arrives at it.
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Puosrev XIX. The suimmer solstice.

221. Rectify the globe to the extremity of the
divisions for the month of June, or to 233
degrees north declination; then that part of the
earth’s surface, which is within the northern polar
circle; will be all illuminated by the sun, and the in-
habitants thereof will have continual day.

But all that space which is contained within the

southern polar circle, will be at the same time in the
thade, and have continual night.

222. In this position of the globe, we see how
the diurnal arches of the parallels of latitude de-
crease, as they are more and more distant from the
elevated pole.

223. If any place be brought under the strong
brass meridian, and the horary index be set to that
XII which is most elevated, and if that place be
brought to the western side of the broad paper circle,
the hour index will shew the fime of sun rising ;
and when moved to the eastern edge, the index
points to the time of sun-setting ; the length of the
day is obtained by the timne shewn by thé horary
index, while the globe 18 turned from the west to
the east side of the illuminated disc.

Thus it will be found that at London the san rises
about 15 minutes before IV in the morning, and sets

shout 15 minuates after VIIT at night.

At the following places it will be n'F:arIj at the
times expressed.
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. @ © |Leogth| Twi-
Risirig {Setting.lof Day.| light.
h. m.|{ h. m.| h. m. | L m.
Cape Horn §44 | 316|632 | 2 35
Cape of Good Hope T09|451[042|143
Rio de Janeiro in Bra-
zil, near the tropic 7| 6 42 | 5 19 |10 88 | 1 23
of Capricorn 5
The island of St. Thn—} 6
mas at the equater.
Cape Lucas, the south- i

errm:mstpoml:crt(_.a-§ 5121 6 48 113 36 | 1 35

0/6 012 0 |120

lifornia, at the tropic
of Cancer.

We also see, that at the time when the sun rises
at London, it rises at the island of Sicily in the Me-
diterranean, and at the island of Madagascar.

And that at the time when the sun sets at London,
it is setting at the island of Madeira, and at Cape
Horn.

And when it is sun-setting at the island of Borneo
in the East Indies, the sun is rising at Florida in

America.

ProrrEm XX. HMinter solstice.

224. Rectify the globe to the extremity of the
divisions for the month of December, or to 23% des
grees south declination.

At this season it will be apparent, that the whole
space within the southern polar circle 18 in the sun’s
light, and enjoys continual day ; whilst that of the
northern polar circle is in the shade, and has conti-
nual night.

Then if the globe be turned as before, the horary
index will shew, that at the several places before

H




g8 Description and Use of the

mentioned, their days will be respectively equal. to
what their nights were at the time of the summer
solstice.

It will appear to be sun-setting at the time it was
then sun-rising ; and on the contrary, sun-rising at
the time it then appeared to set.

THE TERRESTRIAL HORIZON,

225. As has been described Art. 117, is a small
brass circle with one diameter that passes through
its center; its circamference is divided into eight
parts, which are marked with the initial letters of the
mariger’s compass, the four cardinal points of the
horizon being distinguished from the rest ; this may
be slipped from pole to pole on the moveable meri-
dian, and by this means be set to any place upon
the globe,

When the center of it is set to any particular
place, the situation of any other places is seen with
respect to that place; that is, whether they be east,
west, north, or south ; thus it represents the sensiblé
horizon.

It will also shew,, why the sun appears at different
altitudes and azimuths, although he is supposed to
be always in-the same place.

Proerem XXI. The sun's altitude, as observed
with a terrestrial or visible horizon,
926, The altitude of the sun. is greater or less,
according as one of the parallel right lines or rays,
coming from the sun to us, is farther from, or nearer
to, our horizomn.
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Apply the terrestrial horizon to London, the sun
being supposed in the ‘zenith, or on the ceiling di-
rectly over the globe.

If then from London a line pass vertically up-
wards, the sun will be seen from London in that
line. 2
At sun rising, when London is brought to the
west edge of the broad paper circle, the supposed
line will be parallel to the terrestrial horizon, and
from London will be then seen in the horizon.

As the globe is gradually turned from the west to-
wards the east, the horizon will recede from the line
which passes perpendicularly upwards ; for the line in
which the sun was then seen, seems to glide farther
and farther from the terrestrial horizon ; that is, the
sun’s altitude increases as gradually as that line de.
clines from the terrestrial horizon,

When the horizon, and the line which goes from
T.ondon vertically upwards, are arrived at’the strong
brass meridian, the sun is then at his greatest or
meridian altitude for that day ; then the line and ho-
vizon are at the largest angle they can make that
day with each other.

After which, the motion of the globe being con-
tinued, this angle between the terrestrial horizon and
the line, which goes from London vertically upwards,
continually decreases, until London arrives at the
eastern edge of the bLroad paper circle ; its horizon
then becomes vertical again, and parallel to the line
which goes vertically upwards, and will then gppear
in the horizon, and be seen tn set,

H3
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Proprem XXII. The sun’s meridian altitude af
three different seasons.

227. Rectify the globe to the time of winter sol-
stice, Art. 224, and place the center of the visible
horizen on London.

When London is at the graduated edge of the
strong brass meridian, the line which goes vertically
upwards, makes an angle of about 15 degrees; this

is the sun’s meridian altitude at that season to the
inhabitants of London. :

228. If the plobe be rectified to the time of equi-
nox, Art. 220, the horizon will be farther separated
from the line which goes vertically upwards, and
makes a greater angle therewith, it being about 381
degrees ; this is the sun’s meridian altitude at the
time of equinox at London.

229. Again rectify the globe to. the summer sol-
stice, Art. 221, and you will find the visible horizon
recede farther from the line which goes from London
vertically upwards ; and the angle it then makes with
the horizon is about 62 - degrees, which shews the

sun’s meridian altitude at the time of the summer
solstice. ‘ :

Hence flows the following arithmetical

Proprem XXIUI. 7o Jind the sun's meridian ab-
titude universally.

230. Add the sun’s declination to the elevation of
the equator, if the latitude of the place and declina-
tion of the sun are both on the same side.

If on contrary sides, subtract the deslination from
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the elevation of the equator, and you obtain the
sun’s meridian altitude. :

o L4
Thus, the elevation of the equator at London - 38 28
Sun’s declination May 20th, = - = - 20 8

——————

Their sum is the sun’s meridian altitude for that] :
58 36
day at London kst ik - B

Again, tc_; the elevation of the equator at London, 38 28

Ada the sun’s greatest declination at the time of }  9g o9
the summer solstice, - - 5

Their sum is the sun’s greatest meridian altitude 61 57
at London - - - - -

Whence also flows another method,

To find the sun's greatest and leust altitude
universally.

231. Add the sun’s declination to, and subtract it
from the elevation of the equator, their sum and

difference will be the sun’s meridian altitudes, when
he hath the same deelination either north or south. .

o] »
Thus, to and from the elevation of the equator 88 28
Add and subtract the sun’s declination - 20 8

———

Their sum is the sun’s meridian altitude in summer, 58 36
Their difference his meridian altitude in winter, 18 20
having the same declination one north, the other
south.
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Prorren XXIV. The sun’s azimuth compared-

wWith the wisible horizon,

232. Imagine the sun, as we have done before, to
be painted on the ceiling directly over the globe,
Art. 218, and a line going vertically upwards towards
the sun from any place on the surface of the globe :

If to that place you apply the visible horizon, that
point of it which a vertical line is ncarest to at any
time, shews the sun’s azimuth at that time : and we
must also observe, that that point of the terrestrial
or visible horizon, to which a.vertical line is nearest,
15 always the most elevated point.

233. Rectify the globe to the position of a right
sphere, Art. 214, and apply the visible horizon to
London.  'When Londou is at the western edge of
the broad paper circle, which sitaation represents the
time when the sun appears to rise, the eastern point
of the visible horizon being then most elevated,
shews that the sun at his risin‘g is due east.

Tuarn the globe till London comes to the eastern
side of the paper circle, then the western point of .
the visible horizon will be most elevated, and shew
that the sun sets due west.

I the globe be rectitied into the position of an
oblique sphere, Art. 215, and London be brought to
the eastern or western side of the broad paper circle,
the vertical line will depart more or less from the
cast_and west points : in which cases the sun is said
{o have more or less amplitude either nortl or south
as this departure tends to either aof those two ear-
dinal poiats. '

As the globe is turned to any particular time of

the day,. we shall have the sun’s azimuth upon that
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and this will be the point wherem a line going to-
wards the sun is nearest to a vertical line ; thus, if
a line going towards the sun, be nearest the south-
east point, the sun 18 then.said to have 45 degrees
azimuth eastward, that point being 45 degrees from
the menridian.

234. In all positions of the globe in notth latitude,
when London is brought to the strong brass neri-
dian, the most clevated point of the wvisible horizon
will always be the south point of it, which shews
that the sun, at all seasons of the year, will appear
to the south of the terrestrial horizon in all places
included in the northern temperate  zone: but to

the north of it at those places within the southern
temperate zone.

935. THE ANCIENT DISTINCTION OF THE DIE-
FERRENT PLACES ON THE EARTH, ACCOKRDING
g0 THE DIVERSITY OF THE SHADOWS OF UPRIGHT
BODIES AT NOON.

Proerev XXV. The ascii, or those who on a cer-
tain day project no shade at noon.

236. Rectify the globe by Problem xix. Art. 221,
to the time of the summer solstice, and apply the
terrestrial horizon to any place situated on the tropic
of Cancer, as Canton in China, and obserye the sun's
meridian altitude with it, by bringing its center un-
der the strong brass meridian, Art. 296, it will then
appear, that a line going vertically upwards, will be
perpendicular to it, consequently the san will be at
that time directly over the heads of the inhabitants
of Canton, and projeet no shadow; therefore they are
ascii; their noon shadow being disectly under them,




104 Description and Use of the

At all other times of the day, their shadow is
projected, in the morning directly westward, and in
the evening directly eastward. '

The same thing will happen to all the inhabitants,
swHo live between the tropic of Cancer and that of
Capricorn, if the terrestrial horizon be graduaﬂ}r
removed from parallel to parallel within these limits,
and the globe rectified according to the day of the
month as before directed; by bringing the sensible
horizon to the strong brass meridian, to observe the
sun's meridian altitude, we shall find him appear to
be 00 degrees high, or vertical, at noon, to every
place between the tropics; all the inhabitants being
ascii twice a year, except those on the tropics them-
selves, who are ascii only once a year.

Prosrem XXVI. The imhabitants of all places
between the tropics of Cancer. and Capricorn, are not
only ascii, but amphiscii; whose noon-shadows are
projected sometimes towards the north, ai other times
towards the south.

237. Place the sensible horizon on the equatoe,
and rectify the globe to the time of the equinox, Art.
220, at which time the equatorial inhabitants are
ascii at noop, baving the sun full east of them al]
the moming, and full west all the afternoon,

The eastern point of the sensible horizon will be
always uppermgst, or most elevated, as the globe is
moved from west to east, till it comes to the strong
brass meridign; and afier it has passed, this, the
western point will be most elevated.

"The sepsible horizon remaining on the equator,
rectify the globe g the time of the gummer solstige,

3
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Art. 221, and you will find the north point at noon
will be most elevated ; which plainly shews, that the
inhabitants of the equator will see the sun full north
at that season, and that their shade will be projected
soutiiwards.

228, If the globe be rectified to the winter sol-
stice. Art. 224, the south point will be most elevated,
2nd the inhabitants will see the sun on their south
side, which will project their shadows northwards.

230. Heteroscii, are those who live between the
tropics and polar cicles, whose noon-shadows are
projected ong way only.

Those in north latitude have their noon-shadows
projected northwards; the sun at that time being
always in the south.

And those in south latitude have their noon-tide
shadows projected southwards; the meridian sun
always appearing to them in the north. :

240. Periscii are these who live within the polar
circles, the sun going continually round them, their
shadow must necessarily go round them also.

If the sensible or terrestrial horizon be applied to
any of these places, and the globe rectified accord-
ing to the preceding directions, it will shew, that the
sun appears to be more elevated at one time of the
day than at another; and also, which way at all
times the noon and other shadows are cast.

241. Anteeci are two opposite nations, lying in.
or near the same meridian, one of them in north,
the other in south latitude ; they have both the samae
longitude, and equal latitade, but on opposite sides
of the equator: they have opposite seasons of the
year, but the same hours of the day.

242. Perigeci are two nations situated on opposite
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 sides of the globe, in the same parallel of latitude,

having the same seasons of the year, and opposite
hours of the day.

Therefore their longitude must differ 180 de-
grees.

243. Antipodes are two nations diametrically
opposite, which have opposite seasons as well as op-
posite hours,

A straight line passing from one to the other
must consequently pass through the center, and
therefore become a diameter of the globe.

Their longitude and latitude are both opposite.

These are exemplified by rectifying the globe into
the position of a right sphere, Art. 220, and bring-
ing the nations under consideration to the edge of
the broad paper circle. Thus,

The inhabitants of the eastern parts of Chili are
Antceci to those of New England ; whose Periceci
live in the northern parts of China, who are also
antipodes to the inhabitants of Chili.

We shall now proceed to exemplify the former
precepts in a few particular problems.

Prosrem XXVIIL. - Do find all those places on the
globe over whose zenith the sum will pass on any

given day.

244. Rectify the terrestrial globe, Art. 210, by
bringing the given day of the month, on the back~
side of the strong brass meridian, to coincide with -
the plane of the broad paper circle, and observe the
elevation of the pole on the other side: and that
degree counted from the equator on the strong brass
meridian, towards the elevated pole, is the point
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over which the sun is vertical. Now turning the
globe, all those places  which pass under this pot,
have the sun directly vertical on the given day.

Thus bring the ! ith day of May, into the plane
of the broad paper circle, and the said plane will eut
18 degrees for the clevation of the pole, which 18
equal to the sun’s declination for that day ; which
counted on the strong brass meridian towards the
elevated pole, is the point over whichi the sun will be
vertical. Now turmng the globe round, we shall
find that Awmnalagan, one of the Ladrone islands, the
northern part ol Manilla, the middle of Siam, a great
part of Africa, and Si. Anthony one of the Cape
Verd Isles, the southern side of the islands Porto-
Rico and Domingo, and the northern part of the
island of Jamaica, &c. have all of them the sun in
their zemth on the 11th of May.~

Hence when the sun’s declination is equal to the
Jatitude of any place in the torrid zone, the sun will
be vertical to those inhabitants that day.

Hence also we derive the following

Proriev XXVIIL.  To find the sun’s declination,
and. thence the parallel of latitude corresponding
therewith, upon the tervestrial globe.

945. Find the sun’s place upon the broad paper
circle for any given day, Art. 98, and seck that place
in the ecliptic line upon the globes this will shew
the parallel of the sun’s declination amorg the dot-
ted lines, which is also the corresponding parallel of
latitude ; therefore all those places throuzh which
this paralle] passes, have the sun in their zenith at
noon on the given day.
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Prosuem XXIX. 7o find those two days on
which the sun will be vertical 1o any place between
the tropies,

246. That parallel of declination which passes
through the given place, will cut the ecliptie line
upon the glebe in two points, which denote the
sun’s place; against which, on the broad paper circle,
are the days and months required.

Prozrem XXX. The day and hour at any place
being given, to find where the sun is vertical az
that iime.

247. Let the given place be London, and time
the 1ith day of May at 4 minutes past V in the
afternoon.

Rectify the globe to the day of the month, Art.
219, and you have the sun’s declination 18 degrees
north ; bring London to the meridian, and set the
horary index to XII, turn the globe till the index
points to the given hour on the equator, 4 minutes
past V, then Port-Royal in Jamaica will be under
the 18th degree of the strong brass meridian, which
is the place where the sun is vertical at that MNe
stant.

Prosrev XXXL  The time of the day at any
one place being given, to find all those places in
which the sun s then rising, setting on the meridian,
and where he 18 vertical ; likewise those places in
which it 1s midnight, twilight, and darknight, at the
same instant ; as well as those places in whick the
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twilight is beginning and ending ; and also to find
the sun’s altitude at any hour in the illuminated, and’
his depression in the obscure, hemisphere.

048. Rectify the globe to the day of the month,
Art. 219, on the backside of the strong brass meri-
dian, and the sun’s declination for that day, which is
equal to the elevation of the pole, is given upon the
graduated side of the brass meridian, by its coinci-
dence with the plane of the broad paper circle;
bring the given place to the strong brass meridian,
and set the horary index to XII, upon the eguator,
turn the globe from west to east, until the horary
index points to the given time. Then

All those places, which lie in the plane of the
western side of the broad paper circle see the sun
rising, and at the same time those on the eastern
side of it see him setting.

It is then noon to all the inhabitants of those
places under the upper half of the graduated side
of ilie strong brass meridian, whilst at the same
time those under the lower half have midnight.

All those places, which are then between the up=
per surface of the broad paper cirele, and the wire
circle under it, are in the twilight ; which begins ta
all those places on the western side that are imme-
diately under the wire circle, to which it is the dawn-
ing of the day ; its end is at all those places in the
plane of the paper circle, on which the sun has just
begun to rise.

The contrary happens on the eastern side; the
twilight is just beginning to those places in which
the sun is setting, and its end is at the place just
under the wire circle.
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And all those places which are under the twiliglit
wire circle have dark night, unless the moon i= 1-
vourable to them. ‘ .

All places in the illuminated hemisphere have the
sun’s altitude equal to their distance from the edge
of the enlightened disc, which is known by fixing
the quadrant of altitude to the zenith, and laying its
graduated edge over any particular place.

The sun’s depression is obtained in the same man-

ner by fixing the center of the quadrant at the
nadir.

Prorrem XXXII. 7o find the time of the sun's
rising and setting, the length of day and night, on any
day in the year, in any place whose latitude lies be-
tween the polar circles, and also the length of the
shortest day and night in any of those latitudes, and
in what climate they are.

249. Rectify the celestial globe to the latitude of
the given place, Art. 189, bring the artificial sun to
his place in the ecliptic for the given day of the
month’; and then bring its center under the strong
brass meridian, and set the horary index to that XII

wwhie byl i samat Alawatad
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Then bring the center of the artificial san to the
eastern part of the broad paper circle, which in this
case represents the horizon, and the horary jndex
shews the time of the sun-rising ; turn the artificial
sun to the western side, and the horary index will
shew the time of the sun-setting.

Double the time of sun-rising is the length of
the night, and the double of that of san-setting is

the length of the day.
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Thus on the 5th day of June, the sun rises at
3 h. 40 min. and sets at 8 h, 20 min. by doubling
each number it will appear, that the length of this
day is 16h. 40 min. and that of the night 7 h.
20 min.

The longest day at all places in north latitude, is
when the sun is in the first point of Cancer. And,

The longest day to those in sonth latitude, is when
the sun is in the first point of Capricorn.

Wherefore the globe being rectified as above,
and the artificial sun placed to the first point of
- Cancer, and brought to the eastern edge of the
broad paper circle, and the horary index being set
to that XII which is most elevated, on turning the
globe from east to west, until the artificial sumr co-
incides with the western edge, the number of hours
counted, which are passed over by the horary in-
dex, is the length of the longeat day; their comple—
ment to twenty-four hours gives the length of the
shortest night.

250. If twelve hours be subtracted from the
length of the longest day, and the remaining hours
doubled, you obtain the climate mentioned by anci-
ent historians: and if you take half the climate, and
add thereto twelve hms.q you obtain the length of
the longest day in that climate; this holds good for
every climate between the polar circles.

A climate is a space upon the surface of the earth,
contained between two parallels of latitude, so far
distant from each other, that the longest day in one
differs half an hour from the longest day in the
other parallel.

The climates are reckoned ﬁom the equator to
the polar circle, where the longest day is twenty-
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four hours; from the polar circle towards the pole
the climates are said to increase by a whole natural
day, till they come to a parallel under which the
longest day is fifteen natural days, or half a month,
from this the climates are reckoned by half months,
or whole months, in the length of the artifici:l day,
till they.come to the pole itself, under which the day
is six months long..

Proetem XXXIII. 7o jfind all those places
within the polar circles, on which the sun begins to
shine, the time he shines constantly, when he begins
to disappear, the length of his absence, as well as
the first and last day of his appearance to those
inhabitants; the day of the month, or latitude of
the place leing given.

951, Bring the given day of the month on the
backside of the strong brass meridian, to the plane
of the broad paper circle, the sun is just then be-
ginning to shine on all those places which are in
that parallel, just touched by the edge of the broad
paper circle ; and will for several days seem to
skim all around, and but a little above the horizon,
just as it appears to us at its setiing but with this
- observable difference, that whereas our setting sun
appears in one part of the horizon only, by them
it is seen in every part thereof ; from west to south,
thence east to north, and so to the west again.

Or if the latitude was given, elevate the globe
to that latitude, and on the backside of the strong
brass meridian you obtain the day of the month,
then all the other requisites are answered as

above.
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As the two concentric spaces which contain the
days of the month on the back of the strong
brass meridian, are graduated to shew the opposite
days of the year, at 180 degrees distance; when
the given day is brought to coincide with the broad
paper circle, it shews when the sun begins to shine
on that parallel, which is the first day of its ap-
pearance above the horizon of that parallel : and
the plane of the said broad paper circle cuts the day
of the month on the opposite concentric space,
when the sun begins to disappear to those inhabi-
tants ; thus the length of the longest day is ob-
tained, by reckoning the number of days between
the two opposite days found as above; and their
difference from 865 days gives the length of their
longest night.

Prozrem XXXIV. 7o find the length of any
day in the year, in any latitude.

252. Elevate the celestial globe to the latitude,
and set the center of the artificial sun to his place
upon the ecliptic line on the globe for the given
day, and bring its center to the strong brass meri-
dian, p'lac;ng the horary index to that XII which is
most elevated; then turn the globe till the artificial
sun cuts the eastern edge of the horizon, and the
horary index will shew the time of sun-rising ; tourn
it to the' western side, and you obtain the hour of
san-setting. j

The length of the day and night will be ob-
tained, by doub]ing the time of sun-rising and
setting, as before.

’
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Propniyv XXXV. To find the length of the
longest and shortest days in any latitude. ;

253. Llevate the ”]U‘)L according to the latitude,
Art. Q(l and }hu the center of the artificial sun
for the longest day upon the first point of Cancer,
but for the shortest day on the thL point of Cdl]rl—
corn, then proceed as in- the last Problem.

Bat if the plice hath south latitude, the sun is
is in the first point of Capricorn on their longest
day, and in the first point of Cancer on their short-
est-day.

Note. This Problem 1s only to be used in such
latitudes as lie hetween the northern and southern

polar circles.

Prosrem XXXVI. 70 find the latitude of a
place, which its longest day may be of any given
length between twelve and twenty-four Rours.

the m-tiﬁciul sun to the' first point of

254. Set
to the strong brass me-

Cancer ; bring its cente

ridian, and set the hmuw index to \L: turn the
"hmc il it points to half the » wumber of the given

hours and minutes ; then elevate or depress the pole,

¢ill the artificial sun coincides with the horizon,

ci1al
+ 5 ~ &t R L R ST
ind that elevation of the pole 1s the latitude re-
quir red.
f

x> ]

y ~FTVIT gy y
ProRLEM .",.,u\ 11. To find the distance le-

tween any (w0 iu/(u: 53

.\u J

255. Lay the graduated edge of the quadrant of
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altitude over both places, and the number of de-
grees between them is their distance, which is
reduced to geographical miles, by reckoning GO to
a degree, or to English™ miles by reckoning Ggi to
one degree.

If both places lie under the same meridian their
difference of latitude is the distance required.

If they are in the same paraliel of latitude, their
difference of longitude is the distance sought.

Prozrem XXXVIIL. 7o find all - those places

which are at the same distance from given place.

256. Rectify the globe by Problem xii, Art. 189.
and bring the given place to the strong brass meri-
dian, over which screw the center upon which the
quadrant of altitude turns ; now move the quadrant
round, and all those places that are cut by any one
point on the quadrant .are equally distant from the
given place.

Proprem XXXIX. Do shew at one view upon
the terrestrial globe for any given place, ihe sun’s
meritian altitude, his amplitude, -or point of the
compass, on which he rises and sets every day in
the year,

257. Rectify the globe fto the latitude of the
given place, Art. 180, bring that place to the strong
brass meridian, and set the horary index' to X1,
screw the quadrant of altitude to t;ne zenith of the
horizon, and bring it to the brass meridian, yon
will then at one view see the sun’s meridian altitude
on eyery degree of the sun’s declination for the

I 2
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whole year, cut by the graduated edge of the quas
drant of altitude, on the dotted parallels; these
dotted parallels at the same instant also cut the
edge of the broad paper circle now representing the
horizon, in the point of the compass or amplitude,
on which the sun is seen to rise on the east, or te
set on the west side of the horizon, for every degree
of declination throughout the year.

If you trace any of those parallels to the ecliptic
line, you have the sun’s place when he is upon that
declination, and thence the day and month upon the
horizon.

Also, the knowledge of the sun’s place in the
ecliptic line, shews the sun’s declination for that

time amongst the dotted parallels.

Prosriem XL. 7o shew at one view upon the
terrestrial globe the length of the days and nights at
any particular place, for all times of the year.

258. Rectify the globe to the latitude of the
place, Art. 189, and the broad paper circle will
represent the horizon: and the upper part of the
dotted parallels of declination, which are here
also parallels of latitude, will represent the diurnal
arches.

Whence we may obtain the number of hours
each of them contains, which is the solution of the
Problem. To illustrate which,

Elevate the globe to the position of a right
sphere, Art. 214, and you will, with one glance of
the eye, see that all the dotted parallels of decli-
nation, as well as the equator itself, are cut by the
horizon into two equal parts.
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Therefore the inhabitants on the equinoctial line
have their days and nights twelve hours long ; that
is, the sun is never more nor ever less than twelve
hours above their horizon, during his apparent pas-
sage from the tropic of Cancer to the tropic of Ca-
pricorn, and thence to Cancer again.

All the fixed stars have the same apparent motion
to the equatorial inhabitants ; that is, they rise and
set, continue above, and are depressed below, the
horizon of any place upon the equator, exactly
twelve hours.

Raise the north pole of the globe a few degrees
of latitude at a time, and you will see the diurnal
arches will increase in length, until the pole is
elevated to 001 degrees above the horizon: then
the parallel of the sun’s greatest declination will
be as far from the equator as the place itself is from
the pole ; and this parallel is the tropic of Cancer,
which will just touch the horizon in the north
point.

And on the contrary, we may observe, that the
southern parallels of declination continually shorten,
as the northern ones lengthen, until they come to
the tropic of Capricorn.

Rectify the globe to the latitude of London 514
degrees north : when the sun is in the tropic of
Cancer, the day is about 164 hours; as he recedes
from thence, the days shorten, as the length of the
diurnal arches of the parallels shortens, until the
sun comes to Capricorn, and then the days are at
the shortest, being of the same length with the
nights, when the sun was in Cancer, viz. about 7
hours.

Rectify the globe to the altitude of the northern
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polar circle, and you will find, when the sun is in
Cancer, he touches the horizon on that day without
setting, being completely twenty-four hours above
the horizon : and when he is in Capricorn, he
once appears in the horizon, but does not rise for
the space of twenty-four hours ; when he is upon
any other parallel of declination, the days are longer
or shorter, as that parallel is nearer to, or farther
from, the equator.

Lilevate the globe to the latitude of 80 degrees
north, at which time let the sun’s declination be
10 degrees north, he then apparently seems to turn
round above the horizon without setting, and
never sets from this point to Cancer, until in his
return, after he.has again passed this parallel of
declination.

In the same manner, when his declination is
10 degrees south, he is just seen at noon in the
horizon, and disappears from that time in his
southerly motion, till his return to the same point.

Elevate the north pole to 0O degrees, or in the
zenith, then the globe will be in the position of a
parallel sphere, (Art. 210,) and the equinoctial line
will coincide with the plane of the horizon : con-
sequently all the northern parallels are above, aud
all the southern parallels below the horizon ; there-
fore the polar inhabitants, if any there be, have
but one day and one night throughont the year ;
their day, when the sun is in his northern; and
their night, when lbe is in his southern, de-
clination,

This method of rectifying the globe for north
latitode holds good in south latitude also, by ele-

vating the south pole
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Peorrem XLIL - To find what constellation any
g i ; z
remarhable star, scen in the firmament, belongs to.

250. Bring the san’s place in the eclipt‘c for
that day to the strong brass meridian, and set the
horary index to that XII which is most elevated,
the Celewual globe being rectified to the latitude,
tarn the globe till it points to the present hour ;
and by the help of the mariner’s compass, and at-
tending to the variation, which at London is between
23 ;ln(i 24 deg. from the porth, westward, set the
north pole of the globe tmmmla the north pole of
the heavens.

The star upon the globe, (if yon conceive your-
self in the center,) which directs towards that
point in the heavens, in which the star you want to
know is seen, is the star required.

At the same time, by comparing the stars in the
heavens with those upon the globe, the other stars
and their conste Hfmnn: may be easily known ;
whereby you will be enabled, any star-light night,
to point out many of those stars called corres pond-
ents to various plluew on the earth,

Prorrem XLIL. 7o find at what hour any
known star passes the meridian on ary t!ny in the
year.

260. Rectify the globe to the Jalitude, (Art. 180,)
aml set the sctificabetinito bis place in the ecliptic:
bring its center under the strong brass meridian,
and set the horary index to XIL; then turn the
globe till the star comies to the meridian; and the
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horary index will point upon the equator to the
hour on whieh that star will be upon the south part
of the meridian.

If you turn the globe on till the center of the
artificial sun is under that graduated side of the
brass meridian, which is below the elevated pole,
all those stars, which are then cut by that side of
the meridian above the said pole, will pass the me-
ridian at midnight.

Proerem XLIIL. 7o find on what day of the
year any star passes the meridian at any proposetf
hour of the night.

261. Bring the star to the strong brass meridian,
and set the horary index to the proposed hour;
then turn the globe till the index points to XII,
and that degree on the ecliptic, which is eut by the
meridian, is the sun’s place, against which, in the
kalendar upon the broad paper circle, is the day of
the month. '

Prosrem XLIV. To iérace the circles of the
sphere in the starry firmament.

262. We shall solve this problem for the time
of the autumnal equinox ; because that intersection
of the equator and ecliptic will he directly under
the depressed part of the meridian about midnight ;
and then the opposite intersection will be elevated
above the horizon: and also because our first me-
ridian upen the terrestrial globe passing through
Eondon, and the first point of Aries, when both
globes are rectified to the latitude of London, and

i/
Y
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to the sun’s place by Problem xii. Art. 180, 192,
and the first point of Aries is brought under the
graduated side of each of their meridians, we shall
have the corresponding face of the heavens and the
earth represented, as they are with respect to each
other at that time, and the principal circles of each
sphere will correspond with each other.

The horizon is then distinguished, if we begin
from the north, and count westward, by the follow-
ing constellations : the hounds and waist of Bootes,
the northern crown, the head of Hercules, the
shoulders of Serpentarius, and Sobieski’s shield ;
it passes a little below the feet of Antinous, and
through thase of Capricorn, through the Sculptor’s
frame, Eridanus, the star Rigell in Orion’s foot,
the head of Monoceros, the Crab, the head of the
little Lion, and lower part of the great Bear.

The meridian is then represented by the equi-
noctial colure, which passes through the star
marked & in the tail of the little bear, under the
north pole, the pole star, one of the stars in the
back of Cassiopea’s chair marked £, the head of
Andromeda, the bright star in the wing of Pegasus
marked Y, and the extremity of the tail of the
whale. ;

That part of the equator, which is then abowve
the horizon, is distingvished on the western side
by the northern part of Sobieski’s shield, the
shoulder of Antmous, the head and vessel of
Aquarius, the belly of the western fish in Pisces;
it passes through the head of the whale, and a
bright star marked J in the corner of his mouth,
and thence through the star marked 4 in the belt of
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Orion, at that time near the eastern side of the
horizon.

That half of the ecliptic which is then above the
hovizon, if we begin from the western side, pre-
senis to our view Capricornus, Aguarius, Pisces,
Panrus, Gentini, and a part of the constella-
tion Cancer.

The solstitial colure, from the

passes through Cerberus, and the

cules, thence by the western side of the caonsiella-
tion Lyra, and through the dragoun’s head and
body, threugh the pole point under the polar star,

to the east of Auriga, through the star marked 4

in the foot of Castor, and Un"e':_;gh the hand and
elbow of Orion.

The northern polar circle, from that part of the
meridian under the clevated pole, advancing to-
wards the west, passes through the shoulder of the
great bmr, thence a little to the north of the star
mmlud » in the dragon’s tail, the great knot of
the dragon, the 111;.1{1!6 of the body of Cepheus,
the northern part of Cassiopea, and base of her
throne, throngh Camelopardalus, and the head of the
great hear, k

The tropic of Cancer, from the western edfge
of the horizon, passes under the arm of Her-
ciles, under the Vaulture, through the goose
and fox; which is under ‘the beak and wing of the
swar, under the star called Sheat marked rLZ in Pe-
gasne, utider the head of Andromeda, and through

=

the starmarked ¢ n the fish of the cun%tul'utiun
Pisces, above llif" bright star in the head of the
tam marked #, through the Pleiades, between the
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horns of the bull, and through a group of stars at
the foot of Castor, thence above a star marked 4,
between Castor and Pollux, and so through a part
of the constellation Cancer, where it disappears by
passing under the eastern part of the horizon.

The tropic of Capricorn, from the western side of
the borizon, passes through the belly, and under
the tail of Capricorn, thence under Aquarius, through
a star in Eridanus marked ¢, thence under the belly of
the whale, through the base of the chemical fur-
nace, whence it goes under the hare at the feet of
Orion, being there depressed under the herizon.

The soathern polar circle is invisible to the inhas
bitants of London, by being under our horizon,

TQ FIND THE TIME OF THE SUN‘S ENTRY INTO THE
FIRST POINT OF LIBRA OR ARIES:; AND THENCE
THAT POINT IN THE EQUATOR TO WHICH THE
SUN 15 VERTICAL AT EITHER OF THOSE TIMES.

263. This requires the knowledge of a meridian
that shall pass through that point in the equator, to
which the sun is vertical at the times of equinox ;
but as this point is variable, a fixed meridian must
be first obtained.

In Anno Domini 1753, the late Rev. Dr. Bradley
observed the sun to enter Libra September 22d.
10h. 24 min. afternoon, new stile, at the Ru;ul
Ohservatory at Greenwich.

As the earth’s diarnal motion is from west to
east, it causes all places to the east of any other
place to pass first under thie sun ; therefore when
the meridian of Greenwich passed under the sun
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that day, he was not then arrived at the intersecting
point of the earth’s equator and celestial ecliptic,
but wanted 10h. 24 min. which is equal to 156
degrees.

Whence the fixed or first meridian sought is thus
obtained, and lies 10h. 24 min. in time, or 150
equatorial degrees west of the Royal Observatory at
Greenwich. \

This meridian is marked by a dotted line on our
mew terrestrial globe; it passes through the Great
Pacific sea, and crosses one of the Isles of St. Ber=
nard, and the lsles des Mouches.

The next thing to be considered is the nearest
mean length of a tropical year, which is a deter-
minate space or interval of time between the sun’s
apparent passage from. one point of the ecliptie,
until he returns to the same point again, or from
one equinox to the same again, be it either vernal
or autumnal.

We take for our radix the autumnal equinox,
Anno 706 of the Julian period, which we call
Anno Mundi 0, and compute from Thursday, Oct.
25th, ©Oh. O min. or moon, the sun being then
supposed to be in the first point of Libra on the
meridian  before mentioned, and vertical to that

int of the equator, which lies 150 degrees west
of Greenwich.

And also in the meridian of Greenwich, Oct.
95th, 10h. 24 min. upon the 298th day from the
calends of January.

The tropical year thus reckoned esceeds the
Egyptian year 5h. 49 min. and is but 11 minutes
short of the Julian year; so much being annually
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allowed for the retrocession of the equinox, con-
sequently the mean length of a tropical year is
365d. 5h. 49 min.

We are indnced to measure time by this quantity,.
because astronomers unanimously agree, that the
earth passes through all the signs of the ecliptic, so
as to complete the circle in 365d. &h. 49 min.

See the respective tables of Rudolphus, Tycho
Brahe, Cassini, Sir Jonas More, Mr. Flamsted,
Dr. Halley, Mr. Meyer, and Mr. Maskelyne ;
whereby it will appear that

5 o ’ &
Thdeayzu;lsb mean motion In .JO::}“ 20 45 40

in 6 hours 14 47

0O 0 0 27

mean motion in 11 minutes of
time, '

Subtract, for retrocession, the sun’s)

BT 0

d. " h: m.
The quantity of one Julian year, s 365 6 o
From which subtract the retrocession 11
Therefore the remainder 365 5 49

completes the circle, and not one second of time
more or less can be produced from any tables
extant. .

And the difference between calculating downwards
from the epoch A. J. P. 706, and calculating back-
wards in the modern practice, from the various epochs
in the most celebrated tables, is, that in those last
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epochs. the 11 minutes of retrocession have not
been considered.

dai che!
From the vernal to the antumnal = 2
. } 180 11 51
‘f]\J'lllt“(.
From the autumnal to the vernal) F5% e
¢ 1/C 17 58

CfthhO,\

sy

The equinoxes regularly fall every year 5h. 4
later in the day, than in the preceding vyear
the end of every :mnmﬂ mo{l(}n of the
equinoctial intersection ;
ward of that in which it fell the year
87deg. 15min.

PRECEPTS FOR THE USE OF THE TABLES OF RETRO-
CESSION AND AUTUMNAL EQUINOXES.

2064. First, Find the number of years from the
radix : if the given year is before the Christian
Ara, subtract it from 4008 ; the remainder is
the year from the radix.

Secondly, If any year since the Christian /Era be
given, add it to 4007, their sum is the year from
the radix.

Thirdly, Collect the days, hours, and minutes of
retvocession and autumnal equinoxes from the
table, according to the number of years from the
radix, in thousands, hundreds, tens, and units ;
add these into two sums, the first will be the retro-
cession, the second thu time of the equinox in
that meridian, which lies 156 degtutﬂa west of
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ich. 24m.

This n

also, if vou add its difl

hod will serve for dny sp meridian

3 srence in time dfrom the
fixed ‘meridian. :

Solar tropical years thus reckoned begin and end
at the antumnal equinox, and all Julian years begin
and end at the kalends of Januvary.™®

In comparing solar tropical years .with Julian
years, by which we still compute time, observe,
that the last nine months of any solar tropical year
answer to the first nine months of that Julian year
with which it'is compared; and that the first three
months of the next succeeding tropical year answer
to the three last months of that same Julian year
with which it is compared.

The 298th day from the kalends of January,
which was, Tharsday in the 700th year of the
Julian period, the sun entered Libra at noon ; at
which instant it was 10h. 24min. past noon at
Greenwich.

In all caleulations of antumnal equinoxes, we take
the same 2¢8th day, or October 25th in thie radical
year 0, for our epoch.

And to gain the day of the monthin which the
equinox must happen since the radix,

Add the number of days, hours, and minutes i1
the retrocession, to the days, hours, and minutes
of the equinox in the fixed meridian, and you obtain
the Julian days and hours from the radix.

% The kalends of January besin from the noon of the

re the fivst of

ceding dav ; that 15, from the noon of the day b
Jamunr}-_
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Add the epoch 208 to the days of the tropical
reduction, and from their sum subtract the entire
days of the Julian reduction, the remainder 15 the
number of days from the kalends of January old
stite ; add thereto eleven days, and you obtain the
number of days from the said kalends of January
new stile; from which if you deduct the nearest
less number in the table of months (which numbers
express the last days of each month) the residue is
the day of the succeading month.

But when the sum of the Julian reduction con-
tains eighteen hours above entire days, it is &
bissextile year; then one day more must be added
to the entire Julian days before the subtraction is
made.

When there are no hours in the Julian reduction,
that is the first year after a bissextile ; if six hours,
the second ; if twelve hours, the third ; and when
eighteen hours above entire days, it is the bissextile
year.

And when the last result exceeds 12 hours, add
1 to the days, and subtract. 12 from the hours, and
you change the time from astronomical to the civil
reckoning.

To gain the time of the equinox on any other
meridian, add the difference of meridians to the
time found in the first meridian. Thus for London
or Greenwich we add 10h. 24min.; for Paris,
10 h. 33 min, 20sec.; for Alexandria in Egypts
‘12 h. 25 min. &c.

TO GAIN THE WEEK DAY.

965. Divide the days of the tropical reduction by
5 P
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7 ; if O remains, it is Thursday; if 1, Friday; 2,
Saturday ; and 3, Sunday; and so on to 6, which
ts Wednesday, as in the table of week-days.

TO OBTAIN THE TIME OF THE VERNAL EQUINOX.

206. First find the autumnal eguinox for the
same year in which the vernal equinox is required ;
and from it subtract 186 deg. 11 h. 51 min. which
is the distance in time from Aries to Libra; their
difference will be the time of the vernal equinox
required. -

The day of the month, and week-day found as
above, we obtain the literal character for that day
as follows :

In the table of months stand the literal characters,
that are placed against the first day of each month in
any common almanack.

And whatever letter stands against the first day
of any month, the 8th, 15th, 22d, and 2gth days
of that month, are all chatacterised with the
samie.

A circle of the seven literal, or week-day cha-
ricters.
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THE DAY OF THE MONTH AND WEEK-DAY GIVEN,; TO
FIND ITS LITERAL CHARACTER. AND DOMINICAL
LETTER FOR THAT YEAR.

267. A.D. 1772, the autumnal equinox  will
happen at Greenswich, September 22d, Oh. 55 min.
on a Tuesday.

Queng, The literal character for that day and
dominical letters for that year, it being bissextile ?

The literal character for the first of September,
is F; so is the 22d, and Tuesday in the pre-
sent question. Look on the circle of week-day
characters, call F Tuesday, G Wednesday, A
Thursday, and so on to Sunday which falls upon
D, the last of the two dominical letters for that
year, serving from the intercalary day to the year's
end.

The first dominical letter for Jeap-years is the next
in the circle, and serves for January and February,
which in this example 18 B

Therefore the two dominical 1
tile year 1772 are E D new stile.

In any common year, the letter first found serves
for the whole year. ; ,

The dominical letter being known, to find on
what day of the week any day in the year falls.

UERE, W hat day of the week is the 20th day of
March, A.D. 17721

The literal character for the 1st of March is D,
<o is the fifteenth, and the 20th being 5 days more,
. we count from D, which happens to be the do-
minical letter, to E Monday the 16th, we shall find

etters for the bissex-

3
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B is Friday, the 20th day of March, A.D. 1772,

new stile,

If the dominical letters were required” for old
stile, in these examples the first would be the 11th
of September 1772, whose literal character is
thus found: F the 15t day of September, and also
the sth, G the oth, A the 10th, and B the
11th, and by the following  calculus Tuesday,
therefore A C are the dominical letters old stile,
A, D. 1772, '

K2




S 8 e e e e SR =

e —————— el e e

g 132 Description. and Use of the

268, Required the autumnal equinox at Alex-
andria in Egypt, in the 146th year before the
Christian Fra.

4008
— 146

A. M. 3862 or years from the radix, October 25, A.J. . 706.

Retrocession, Tropical reduction,
! years 3 radix. d. h. min. days i radix. h. min,
3000 22 ot 1095727 2 ©
200 6 2 40 202193 21 20
60 o 11 0O 21914 13 ©
9 0 022 730 11 38
90, 12 2 7)1410565 23 58
weeks 20150042  Saturday.
d. h. min:
Tropieal day 565 tropical time 1410565 23 58
epoch + 298 retrocession -+ 99012 2
863 Julian reduction 1410395 12 O
Julian days—595 the third year aiter
— bissestile.
268
for August—=243
2 Sept. 25 d. h. min,

3 kal. Jan. 268 23 58 fized meridian.
meridian dist. + 12 23

PEEE

the sun in the first point e ai ' '
f Libie, Begleltmepeinty i 2916 iexandria

On a Sunday, dominical letter B, in the 147th
vear before the Christian /Era.
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209. To find the time of the vernal equinox in
the samne year, and at the same place.

d. h. min.
69 12 23
86 11, 5t

From the autumnal equinox, Sept. 26, i kal, Jan. 2
subtract the distance in time between 1 and o~ 1

8311 32
for February 59

the sun in the 1st point of Aries at Alexandria } 2% 0 32

before Christ 146 years, March

270. To find the time of the autumnal equinox at
Greenwich, A. D. 1768.

4007
+1768

A. M. 5775 or years from the radix

Retrocession, Tropical reduction.
vears dradix. d. h. min. daysdradix. h:min,

5000 38 4 40 1826211 19 20
700 5 8 20 255660 15 40 v
70 012 50 25566 23 10
5 0 0 455 1826 5 5
4% 2 45 7)2100274 15 15
e —— " e e—

weeks 3013244 6 Wednesday.




134 Description and Use of the

Tropical days 274 tropical time 2109274 15 15
epoch-+ 208 retrocession - 44 2 45

572 2109318 18 O

Jul. days +1—319 because of the 18 b, bissextile year.
253 2 kal. Jan, old style

for new style+ 11 days

, 204 i kal. Jan. new style
for Augiist — 243
@ in o Sept. 21 d.  h. min.

in the fixed meridian 3 kal. Jan. 264 . 15 15
meridian dist, 4= 0 10 24

the sunin the 1st point of Libra at Grecn—}
wich, Sept. 22,

PG
o
e

1 39

271. To find the time of the vernal equinox,
A. D. 1768.

d. h, min,

From the autumnal equinox, Sept. 22, 265 1 39
subtract dist. Y 4 =& 186 11 51

78 13 48

for Feb. 50 0 0

the sun in Ariesat Greenwich, A.D, 1768, Mar. 19 13 48

272. Having found the autumnal and vernal
equinoxes for the bissextile year, A. D. 1768, we
obtain them for the three following years by con-
tinually adding thereto 5 h. 49 min. Thus

O n T d. h. min. G in o d. b, ]‘nin.
1768, March 19, 78 13 48 1768, Sept. 22,965 1 39
+ 549 + 5 49

1769, March 19, 78 19 37 1769, Sept. 22, 265 7 28
+ 549 4+ 5 49

.

1770, March 20, 79 1 26 1770, Sept, 22, 265 13 17
+ 549 4+ 5 49

——

1771, March 20, 79 7 15 1771, Sept. 22, 265 19 6
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278. Required the time of the autumnal equinox

at Greenwich, A, D. 1772.
4007

1772

A. D. 5779 or years from the radix;

: Retrocession. Tropical reduction.
years & radix.  d. h, min. days & radix h, min.

5000 38 4 40 1826211 19 20

700 5 8 20 255660 15 40

70 012 50 25566 23 10

9 0 1 39 Sl a 21

TR — e
44 3. 29 712110735 14 3l

weeks 30153844 Monday.
9110735 14 31

Tropical days 735 o the tropical time

epoch 4+ 208 retrocession -+ 44 3 28
1053 2110779 18 0]
Jul, days4-1— 786 becavse of the 18 b, bissextile year,

e p———— ——

253 4 kal. Jan. old stile
for new stile + 11 days

—

264 a kal, Jan. new stile
for August — 243

@in Libra Sept. 21 d. h, min.
in +he fixed meridiao & kal. Jan. 964 14 31

meridian dist.4+ © 10 24
PSSR AR
the sun in the first point of Libra at Green-} - z
i
. wich, Sept. 22, g65 0 53
On a Tuesday : Dominical Letters E. D.

974. To obtain the vernal equinox, A. D. 1772
4. h. ‘min.

From the autumnal equinox, Sept. 22, & kal.Jan. 265 0O 55

dist. from Aries to Libra 186 11 51

78 13 4
for February 59

the sun in the 1st point of Aries at Greenw. Mar. 19 13 4
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We find the two equinoxes in the three next sue
ceeding common years, as in the preceding example,
by the continual addition of 5 hours, 40 minutes,

By this method of calculation, we avoid any mis-
take that might happen with respect to the interca-
lary day; because we find the autumnal equinox
first, and thence the vernal equinox, which always
falls after the intercalary day, and also because trow
pical time has no bissextile years.

TO REDUCE HOURS, MINUTES, AND SECONDS OF TIME,
INTO DEGREES, MINUTES, AND SECONDS OF THE
EQUATOR, i

275. Divide the seconds of time by 4, the quo-

tient is minutes, and remainder so many times 15
seconds.

Divide the minutes by 4, the quotient is degrees,
and remainder so many times 15 minutes.

Multiply the hours by 15, the product is degrees.

ExamrLE.,

Reduce 11 h. 35 min. 2%. sec. of time into de-
grees, minutes, &e. of the equator.

sec. min. h. deg, min, see,

4)2 4)35 11 165 o0 o

e _ 15 8 45 @

f 457 8% 45 —0 0 6 45
165° R

answer 173 51 45
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TO REDUCE DEGREES,; MINUTES, AND BECONDS OF -
THE EQUATOR, INTO HOURS, MINUTES, AND SE- i
CONDS OF TIME. i

276. Divide seconds by 15, the quotient is i
seconds, and remainder so many times 4 thirds. "

Divide minutes by 15, the quotient is mmutes !
and remainder so many times 4 seconds. |

Divide the degrees by 15, the quotient is hours, \
and remainder s0 many times 4 minutes,

Examrre. 113,

Reduce 173 deg. 51 min. 45 sec. of the equator,
into hours, minutes, and seconds of time,

sec. min, deg. h. h. min. sec.
15)45(8" 15)51(3° 15(173(11 11 32 ©
45 45 15 0 322
= —= — 0 0 3
@ 6=24" 23 e
15 11 35 27 amaw.
y 8§=37

We are now prepared to solve the latter part of
the last problem, which is as follows.

Prosrem XLV. 7o find all those places in

' which it 1 noon at the time of an equinoz, as well

as that point upon the equaior, to which the sun is
vertical at that time.

277. Having found the, time of an equinox by
the preceding, or any other method of caloulation,




138 Description and Use of the

as in the first example, we find the sun entered the
first point of Aries, at Alexandria in Egypt, March
24th, 0h. 32 min.

The %2 minutes of time reduced to the equator,
are equal to 8 degrees.

Therefore bring Alexandria under the graduated
side of the strong brass meridian, and set the ho-
rary index to XII upen the equator; turn the
globe from west to east until 32 minutes of time,
or 8 degrees of the equator, have passed under
the horary index, where stop the globe; then all
those places under the said graduated side of the
strong brass meridian will have noon, and that de-
gree of the equator, which is then under the meri-
dian, is the point to which the sun was at that
instant vertieal, and is the intersecting peint of the
equator and ecliptic, or that terrestrial meridian
which governs the passage of the first point of Aries
for that year.

THE VERNAL EQUINOX, A.D. 1772, WIHL FALL ON
THE 1QTH DAY OF MARCH, AT 13 H. 4 MIN. WHICH
REDUCED T0O THE DEGREES AND MINUTES OF THE
EQUATOR, 1s EQUAL To 100 DEGREES.

978, Bring London to the strong brass meridian,
and set the horary index to XII, (in this case the
graduated side is the horary index,) turn the globe
from. west to east until 13 h. 4 min of time, or 196
degrees of the equator, have passed under the borary
index, where stop the globe; the 196th degree of
the equator will now be found under the graduated
side of the brass meridian, and is that point on which
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the sun will be vertical at noon; at which instant
it will be 13 h. 4 min. past noon at London: or
Greenwich.

The meridian passing through this point, will be
seen to pass a little eastward of Kamkatska through
the Pacific Sea across the Island Dicerta, thence
east of the isle Taumago, and through the western

part of New Zealand ; all which places will have

noon at the instant of that vernal equinox.

THE AUTUMNAL EQUINOX, A. D. 1772, WILL HAP-
PEN SEPTEMBER 22, O H. 55 MIN. AT LONDON,
THE 55 MIN. BEING BQUAL TO i3 DEG. 45 MIN.
OF THE EQUATOR. i
279. Bring London to the graduated side of the
strong brass meridian, and set ‘the horary index to
XII, turn the globe from west to east, until 53
minutes of time, or 13 deg. 45 min. of the equator
have passed under the horary index, where stop the
globe; here, as in the last example, the 13th degree
and 45th minute is that point upon the equator to
which the sun is vertical, and the meridian passing
through this point, lies under the graduated side of
-the strong brass meridian ; which passes over the
middle of Greenland, and through the Atlantic
Ocean to the east of Teneriffe, a little to the west
of Ascension Island, and thence through the Ethio-
pic Ocean, at which places it will be noon at the
time of this autumnal equinox.
Here it will be proper to give the reader a short
2CCOUN
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dF THE NATURAL AGREEMENT BETWEEN THE CELES~-
TIAL AND TERRESTRIAL SPHERLS; OR, HOW TO
GAIN A PERFECT IDEA OF THE SITUATION AND
DISTANCE OF ALL PLACES UPOX THE EARTH, BY
THE SUN AND STARS3.

280. That part of the firmament which is in the
zenith of London is perpendicular to half the
globe of the earth; which half comprehends almost
all the habitable land of Europe, Asia, Africa, and
America, with their coasts, capes, land, and seas;
since under the other celestial hemisphere, which
we do not see at the same time, there are only very
inconsiderable lands and isles.

The inhabitants of Great Britain and Ireland
nearly see the same half of the firmament adorned
with stars and planets, which at all times supply
the place of an immense map of the world ; and
shew our terrestrial hemisphere by the stars, convey-
ing the correspondent marks of the two continents
to our sight and mind.

. The sun, by his apparent daily motion, seems to
describe a kind of spiral, in passing from one tropic
_to the other and back again, continually changing
his declination, and every day describing a different
pai‘al[el, Art. 171,

Forty-seven of these diurnal parallels are drawn

o our new terrestrial plobe, Art. 177, 178, between
the tropics of Cancer and Capricorn, representing
the parallels for every degree of the san’s decli-
nation.

Before the reader proceeds, he is desired, in order
to be perfectly acquainted with the cause of the daily
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change in the sun’s declination, to go back to Art.
185, and read from thence to the 189th Art.

Which being done, it will be easy to conceive,
that the sun being in any one of these parallels, must
necessarily cast his perpendicular rays that day upon
the heads of the inhabitants of those places through
“which that parallel of declination passes.

Note. Although these 47 parallels are here called
parallels of declination, they are also parallels of
latitude upon the terrestrial globe.

From these principles we obtain the situation of
those places, to which the sun is vertical every
day in the year; we also find the time of that day
at the place of any observer, from whence looking
at the sun, we may pronounce him to be over the
heads of the inhabitants of divers cities and states,
during the several hours of that day, and so on for
every day in the year.

The sun being perpendicularly over any one of
these distant cities or principalities, at the time of
our observation, if a plumb-line be held up be-
tween the observer and the sun, so as to pass
through or before the sun’s center, it will cut the
visible horizon in a point, that will fix the bearing
or passage in aright line from the observer to that
place, upon which the sun is then vertical.

A point thus noted upon the visible horizon may
be seen at all times, and represent the same bearing,
independent of the sun and stars, and that in such
a conspicuous manner as to render this knowledge
always entertaining, useful, and interesting.

The stars at'night perform the same more copj-
ously, by pointing out to our senses the distance of
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many remote provinces, at one and the same instant
of time, from our own zenith.

Hence we are in possession of a most extensive
field, wherein we may correct and improve our
astronomical and geographical knowledge.

EXAMPLES OF BOLAR CORRESPONDENTS.

Progrem XLVL 7o find the solar correspond-
ence (o a fizved point upon the earth, when the sun is

seen by an olserver situated upon any other point of
its surface.

Examere 1.

281. Let the observer be in London (or in any
of the country places within thirty miles of it)
upon the 10th day of March, at 10 minutes past
XI o'clock in the morning.

Querg, The place upon which the sun will be
vertical at that time?

Rectify the globe, by bringing the 10th of March,
engraved on the back of the strong brass meridian,
to the plane of the broad paper circle; find the
sun’s place,- against the day of the month in the
kalendar, which will be about 20deg. 10 min. in
Pisces ; - seek these degrees and minutes in the
sign Pisces upon the ecliptic line on the globe,
and you will find it fall upon the fourth parallel of
south declination : to all the inhabitants on this
parallel, the sun \.vill be vertical that day, Now
bring 11} h. 10min. on the equater to the gra-
duated side of the strong brass meridian, and
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you will find it cat the fourth southern parallel
upon the city of Loango, on the western coast ot
Africa.

Therefore if you look at the sun 10 minutes
past XI in the morning at London, you will then
see him at the instant he is directly over the heads
of the inhabitants of the city of Loango in Africas
at the same time, your ideas are made sensible of
the comparative distance, which you see in the
frmament between the zenith of London, under
which you stand, and the sun, which is then in
the zenith of Loange ; also if at the time of your
observation, you cause a plumb-line to be held up
between you and the center of the sun, and cast
your eye down towards the most distant part of.
your sensible horizon, the plumb-line will cut a
point thereon, which, if remembered, will always
shew you the true bearing or point of the compass,
in a direct line from your situation, to that of
Loango. :
This distance and bearing may be nearly found by
the globe thus:

Elevate the globe to the latitude of London,
that the broad -paper circle may represent your
horizon ; screw the nut of the quadrant of alti-
tude in the zenith, that is, upon 61 deg. 32 min.
counted from the equator towards the elevated
pole, bring London under that point, and lay the
gl‘ﬂdu-“tEd edge of the quadrant upon Loango,
which will eut: the bearing 15 degrees, reckoned
from the south towards the east, or between the
points. ;5. S. E. and S.by E.; wnow separate tha
guadrant from the globe, and lay its graduated
edge upon koango and London, so that the be-
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ginning of the graduation may lie upon one of the
places, then the other will cut 56 degrees, which
is equal to 33060 geographical miles, or 3802
English miles, the distance between London and
Loango,

To elucidate this example, we shall trace the
sun’s verticity over that part of this day’s parallel of
declination, which is included between the rising
and setting sun at London for that day. :

* Imagine, aswe have before supposed, an image of
the sun to be painted upon the ceiling of the room,
directly over the terrestrial globe.

Let the globe be rectified to the 10th of March,
place the center of the artificial horizon upon
London, and bring it into a coincidence with the
west side of the plane of the broad paper circle,
now representing the edge of the earth’s illuminated
disc; we shall then have the position of the earth
with respect to the sun for that day; when the in-
habitants of London will be leaving the twilight,
and passing into the first point of day, or sun-rising,
at about 18 minutes past VI in the morning, cut
by the graduated side of the strong brass meridian
on the hour line under the equator ; at this time,
the meridian will likewise cross the fourth parallel
of south declination, in the Indian ocean, between
the island of Sumatra and the Maldive Isles; if
we look upon the sun that morning at the instant of
his rising, we shall see that his distance from our
zenith will then be 90 degrees, he being in our ho-
rizon, which is equal to 5400 geographical or 6155
English miles, the distance from London to that
part of the Indian Sea ; turn the globe from west
to east, until 8h. 12 min, are under the horary
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index, which in this case is the strong brass meri-
dian, and it will cut the isle Macarenhas, to which
the sun will then be perpendicular; at 1 past IX
he will be perpendicular to the coast of Zanguebar,
his central ray passing between Monibacca and
Pemba; thence it passes over the kingdoms of
Menomugi, Macoco, Congo, &e. until he, is per-
pendicular to the city of Loango, upon the western
coast of Africa, at 11h, 10 min. the same morn-
ing; immediately after which, his perpendicular
rays are absorbed in the Kthiopic Ocean, over
which. he is 8h. 22 min. in passing to Fort St.
Lucar, on the eastern coast of America, at 32 mi-
nutes past II in the afternoon ; thence he proceeds
to send forth his perpendicular rays over the heads
of the inhabitants of Brazil, acress the vast country
of the Amazons and Peru, in the decline of our
evening, until his arrival over Cape Blanco on the
western side of South America, a little before he
sets to the inhabitants of London, which is about
40 minutes past V o'clock.

Examrre II.

282, Every rectification being observed as in the
first example; Q. What is the place upon which
the sun is a correspondent at 48 minutes past VI in
the evening of the 18th of May, the sun’s place
being about 17 deg. 40 min. in Taurus, or nearly
vertical to the 17th parallel of north declination on
that day? Turn the globe from west to east, until
London has passed the strong brass meridian, and
Stop when 1its graduated side is directly ovep
O b. 48 min, afternoon, apd it will eut the 17th

L
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parallel of north declination, the city of Acapulco
an the western coast of Mexico, over which the
sun will then be vertical.

Exavrre IIIL.

283, Let the oBserver be at Cape Clear on the
western coast of Ireland, on the 16th day of July,
“at 54 minutes past VIII in the morning.

Quere, The place upon which the sun will then
be vertical ?

The sun’s place being in the 24th degree of Can-
cer, which on the globe falls upon the 21st parallel
of north declination,

Bring Cape Clear to the graduated side of the
strong brass meridian, and set the horary incex to
XII, turn the globe till 8h. 54 min. amongst the
morning hours are under the horary index, and you
will find the graduated side of the strong brass me-
ridian to cut the 21st parallel of north declination
upon Farrat in Nubia, on the western coast of

the Red Sea.

Examrere IV,

284. Let the observer be at Rome on the 20th
day of November, at 37 minutes past X in the
morning.

QuesE, The place wpon which the sun will be

- yertical at that time:?

The sun being about 28} degrees in Scorpie,
which falls to the southward of the 20th parallel of
south declination,

Bring Rome to the graduated side of the strong
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brass meridian, and set the horary index to XII,
turn the globe to have 10h. 37 min. under the
horary index, and the said graduated side will then
cut, under the 20th parallel of south declination,
the city of Sofalo im the kingdom of Quiteri, to
the south of Monomotapa, on the eastern coast of
Africa.

We apprehend these four examples are suf-
ficient to give the reader a clear idea of the solar
correspondents to all places within the torrid zone,
and to enable him to discover some thousands
more.

Although we can have but - one solar correspond-
ent at the same time, yet, as in the first example,
we can trace him through his diurnal parallel for
every hour and minute of the day, and so ‘also
upon every day in the year.

Nothing can be easier or more intelligible than
this method of improving the mind, by represent-’
ing to the eyes the distance from our own zenith
to that of every spot of land and sea within the
tropics ; when at every single observation we have
it also in our power to note the bearing of each of
these places upon our visible horizon, which may be
referred to at all times, when the sun is not in tha
parallel. '

Let us now change the scene, and proceed from
the consideration of the sun, to that of the stars ;
which will present to our view a copious field of
geographical knowledge ; many of these may be
seen at one and the same instant of time, when
they are in the zenith of so many different places
upon‘the earth, and then immediately afterwards re.

L2
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move from that designation, to give place for a great
number of others.

OF THE CELESTIAL CORRESPONDENTS.

285. The knowledge of the celestial correspond-
ents discovers a new system of astronomical geo-
graphy. The perfect agreement between the ce-
Testial and terrestrial spheres constitutes this sys-
tem ; which may with very little trouble be under-
stood, by making the study of one a guide to the
knowledge of the other ; the object of this corres-

ondence is the continual variation between the

arts of the celestial and terrestrial spheres.

Geography alone being easier than astronomy, has
generally a particular place in the education of
young students, who seldom leave their juvenile
studies- without gaining some idea of the four
quarters of the world, a slight notion of the sitoa-
tion of places with respect to each other, and a
sketch of the principal empires ; but generally
without any . application to the terrestrial, and
scarce ever a comparison of that with the celestial
clobe ; and without feeling a lively curiosity to be-
come acquainted with these necessary and improving
branches of science.

To facilitate the study of geography, it has al-
ways been necessary to lay maps and charts before a
pupil, which are generally separate plans of different

countrics. But what idea do these afford of the
vast extent of the earth, of its spherical form, or of
the proportionable distances, real bearings, &c. of
the empires, kingdoms, and states on the habitable
part of our terresirial globe ?

o]
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How much more inte]ligible'and just are the
proportionable distances of the fised stars, when
compared with the natural distances of the several
places upon the earth, over which they dart their
perpendicular rays ; thereby constituting this new
system of astronomical geography, by ocular de-
monstration ? They are faithful testimonies of the
vast extent of the universe, and they declare the
distance, bearing, and situation of all places’ upon
the earth.

By these means, together with the assistance
of maps and charts, such a copious and clear idea
of geography will be attained, and its natural pric-
ciples so firmly established, as never to be erased.

The consequences to be drawn from these prin-
ciples are entirely in favour of the harmony between
the celestial and terrestrial spheres,

OF THE-PASSAGE OR TRANSIT OF THE FIRST POINT
OF ARIES OVER THE MERIDIAN.

286. This point determines the apparent daily
motion of the heavens, and fixes the continual dif-
ference in the course of the sun and stars.

The knowledge of that particular point on the
terrestrial equator, where its intersection with the
celestial ecliptic happens to fall at the time of a
vernal equinox, points out that place upon the earth
to which the sun is vertical at that time ; and from
the knowledge of this we obtain the time of its pas-
sage over any meridian upon the globe, for every
day of the year.

The conformity of the degrees of right ascension,
with those of terrestrial longitude, happens but upon
one moment of the 24 hours, in a natural day ;
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when the first point of Aries is on the meridian of
London, the first degree of right ascension is on
this meridian also; and the signal to confirm this
is, when a star of the second magnitude marked 4
near the extremity of the wing of Pegasus, is upon
the meridian ; at that instant, the equinoctial colure
will be upon the meridian also; for this colure
passes through the first point of Aries and that star.

This is the moment, in which each of the 360
degrees of right ascension in the celestial sphere,
is perpendicular ‘to every -like degree of terrestrial
longitude ; at which time there is a perfect parallel-
ism and perpendicular correspondence of all the cir-
cles, points, and lines, in both spheres.

To this we have paid a particular regard, in the
. construction of our new globes, by numbering the
degrees on the equator of the terrestrial globe,
with an upper row of figures in the same direction,
as those of right ascension are numbered upon the
celestial globe.

If from that instant of time, when the star ¢ of
Pegasus is upon the meridian, we conceive the stars
to be immoveable, and that we, together with the
globe of the earth, are turned from west to east
upon the equatorial axis, we shall pereeive Gur own
meridian to pass successively under every degree and
star on the celestial equator.

287. And that the reader may thoroughly under-
stand what is meant by this uniformity m the two
spheres, let him imagine the celestial globe to be
delineated apon glass, or any other transparent mat-
ter, which shall invest or surreund the terrestrial
globe, but in such a manmer, that either may be
turned about upon the poles of the world, whilst
the other remains ﬁxecl_; and suppose the first point
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of Aries. on the investing globe, to be placed upon
the first point of Aries on the terrestrial globe,
(which point is in the meridian of London,) they
will then represent that situation of the hcavens
and the earth we have been just describing, on
that instant when the first point of Aries is upon
the meridian ; and then every star on the celestial
will lie upon every particular place of the terrestrial
globe, to which it is a correspondent ; each star will
then have the degree of its right ascension directly
upon the corresponding degree of terrestrial longi-
tude ; their declination will also be the same with
the latitude of those places upon which they lie.
Now if the reader conceives the celestial invest-
ing globe to be fised, and the terrestrial globe to
be gradually turned from west to east, he will
readily understand, as the meridian of London
passes from one degree to another under the in-
vesting sphere, that every star thereon becomes a
correspondent to another place upon the earth ;
and so or, until the earth has completed one di-
urnal revolution, or till all the stars, by their ap-
parent daily motion, have passed over every me-
ridian of the terrestrial globe. Tlence arises an
amazing variety in the harmony of both spheres.
If the sun and a star pass the meridian on any
particular day, the next day the star will precede
the sun about four minutes; in two days the ac-
celeration of the star with respect to the sun ‘will be
about & minutes ; in 4 days, 10 minutes, in 8 days,
392 minutes, and in 15 days the apparent motion of
the star will be accelerated one hour ; whilst the
sun, with respect to the star, will seem fo be re-
tarded one hour ; in one meonth the star will be
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two hours before the sup, in three months six hours;
in six months twelve hours, and in one year twenty-
four hours.

So that a year after the sun and star have crossed
the meridian together, they will meet again nearly
at the same time; but the star, instead of seeming
to make 305 revolutions, will have made 366, one
more than the earth to the sun in a year.

The right ascension of the first point of Aries,
is the complement of the sun’s right ascension to
300 degrees of the equator, or to the 24 hours of
a natural day: this is the point from which the
right ascension of the sun, stars, and planets isal-
ways reckoned.

The reader will please to observe, that in spring
and summer, the first degree of right ascension,
which is the first point of Aries, comes to the
meridian with us before noon ; there are no stars
then visible in the night, but those which follow
the first point of Libra; that is to say, those stars
which have more than 180 degrees of right as-
cension : in autumn and winter those stars are
visible in the night, which follow the first point

of Aries, having less than 180 degrees of right
ascension. -

Observe also, that the interval between the pas-
gsage of the first point of Aries over the meridian
of any place, and th:ft of the first point of Libra
over the same meridian, is not 12 complete hours,
but only 11 hours 58 minutes, to which attention
must be paid, lest these two minutes should be
mistaken.

By the passage of the stars over the meridian,
we are taught the knowledge of those degrees of
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the equator, which are then rising and setting 5
for that degree which is setting preeedes that on
the meridian Q0 degrees, or six hours; and 180
degrees or twelve hours that which is rising ; and
that degree of the eguator, which is on the me-
ridian under the elevated pole, is 150 degrees
distant from that point of it which is passing the
meridian.

Prosrem XLVH. To find the time of the right
ascension of the first point of Aries upon any me-
ridian.

288. We have already shewn by, an easy calculus,
how to find the times of equinox to any meridian,
but we have not yet shewn their application to the
right ascension of the first point of Aries.

The diurnal difference of right ascension, at the
time of a vernal equinox, is 3 min. 38 sec. which
we have formed into a table, intitled, “ The horary
difference in the motion of the first point of Aries
at the time of a vernal equinox;” to which is an-
nexed, “ A table of the difference of the passage of
the first point of Aries over the meridian for every
day in the year.”

THE USE OF THE TABLES OF RIGHT ASCENSION.

280. Having found the time of any vernal
equinox, and transferred it from the fixed to your
own meridian by the addition of your meridian
distance,

Take out of the table of horary differences, the
motion answering to the hours and minutes of the
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time of the vernal equinox, and their sum will be
the time of the passage of the first point of Aries
over that meridian; the day on which, but before,
the equinoctial intersection happens.

N. B. In taking out the numbers from this
table, reject the thirds, if they are under thirty;
if they exceed thirty, add one to the minutes found
in the table.

A. D. 1769, the vernal equinox falls on March
1gth, 19h. 37 min.

min. Sec.
hours 10 2 53
min. .37, .0 0

Rigbtqsce‘nsiﬂﬁ of Y @, upon } 277 81y pasthoon,
the equinoctial day
A. D. 1770, the sun will enter Aries, March 20,
1 h. 26 min.
min, Sec.
hours 1 0 ¢
mn. 26 0 4

Right Ascension of :
the equinoctial da;r,: :S;) ’ On} Oy EkBgZRE OO0,
A. D. 1771, the vernal equinox falls on March -

20, 7h. 15 min.

min. sec.
hours 7 1 4
min. 15 0 2

Right ascension of Y @,
the equinoctial day, at

on} 1 6 past noomn,
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A. D. 1772, the sun will enter Aries, March 10,
13 h. 4 min.
min. Se€c.
hours 13 1 58
mifs - 450 o 1

1 50

The right ascension of the first point of Aries,
thus found for the day on which- the equinox hap-
pens, holds good for the whole year, and is to be
added to the difference of the passage of the first
point of Aries over the meridian found against the
day of the month; and their sum will be thetime
of day when the first point of Aries will pass the
meridian, -

Observe when the equinox falls on the 1gth day
of March in a year which is not bissextile, to, seek
the day of the month in the right hand column of
the table; and when it falls upon the 20th day of
March, seek the day of the month in the left hand
column, over which in either case, and under the
name of the month, you have the proper difference
of right ascension to be added to that found above
for the day of the equinox.

In bissextile years, seek the day of the month
in the left hand column, to the end of February,
and for the intercalary day, or 29th of February,
take out the difference of right ascension answering
to the first of March, after which to the year’s
end seck the day of the month in the right hand
column.

Having thus found the right ascension of the

e
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first point of Aries for any day in the year, add
thereto 11 h. 58 min. and you obtain the time of
the right ascension of the first point of Libra.

Exavpre I

A. D. 1769, equinox March 19.

h. min. sec.
Jan. 25, 3 23 24

+ 2 59
Right ascension, T ®, 3 26 23

Nov. 14, 8 36 31
+ 2 59

Right ascension ¥ ®, 8 ‘39 30

Exavrere II.

A: D. 1770, equinox March 20.

b. min. sec.
Feb. 25, 1 24 52
4 0 13
ST

Right ascension T @, 1 25 5

Oct. 18, 10 26 6
¥ o 13

Right ascension Y @,
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Examrere III1.

A. D. 1771, equinox March 20.

Jan, 12,

Right ascension Y ®,

Decem. 10,

Right ascension ¥ @,

Examrere IV,

A. D. 1772, equinox March 19.
Bissextile year,

Feb. 28,

Right ascension T @,

The intercalary day, Feb. 20,

Right ascension v ©,

March 1,

Right ascension Y @,

August 28,

Right ascension ¥ O,

157
h. min. sec.
4 22 A6
4+ 1 6
4 23 52
6 22 58
4+ 1 6
0 24 4
h. min. sec,
113 %5
+ 1 59
1 15 84
1 ¢ 50
4= 174D
1 11 49
1 6 7
4+ 1 58
y e el i
13 28 17
+ 1 59
13 30 16
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These four examples are quite sufficient, if the
reader compares them with the tables and precepts.

In the 42d and 43d Problem, Art. 260, 261, we
have shewn how to find the hour that any known
star comes to the meridian; and also to find the
time of the year any star passes the meridian at any
hour proposed, but:in that place we were not pre-
pared to apply the right ascension of the first point
of Aries, so properly for an observation of the stars,
as by the following

Proerem XLVIIL. Tb find the time of the
right ascension of any star, upon any particular
meridian, on any day in the year.

2go. First find the time of the right ascension
of the first point of Aries, Art. 288, by Problem
47, agreeable to your own meridian.

Then apply te the celestial globe, and. bring the
given star under the graduated side of the strong
brass meridian, which will cut its right ascension,
or rather its distance in time or degrees, upon the
equinoctial ; add this quantity expressed in time to
the right ascension of the first point of Aries, and
you will obtain the time of the passage of that star
over the meridian very near the truth. Thus,

The star marked ¢ in the head of Draco, will
have 2068 degrees, or 17 h. 52 min. of right as-
cension or distance from the first point of Aries,
Art. 276 ; which added to the right ascension of
that point for the 13th day of July, A. D. 1772,
gives the true time of its right ascension that even-
ing : at 10h. 12 min. this star will be over the heads
of the inhabitants of London at that time, its de-
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clination being 51 deg. 32 min. equal to the latitade
of this capital city.

Note. In this method of working, when the
hours exceed 24, deduct 24 hours therefrom, and
you obtain the true time sought.

Prosrem XLIX. To rectify the celestial globe for
any time in the evening of any day in che year, by
the knowledge of the time when the first point of
Aries shall pass the meridian that day.

201. As the degrees and hours upon the equinoc-
tial line on our new globes, are numbered from the
first poit of Aries,

Firstfind theright ascension of that pointbyProblem
47, Art. 288, for the given day, and rectify the globe
to your latitude, Art. 189, then bring the first point
of Aries upon the globe, under the graduated side of
the strong brass meridian, and set the horary index
to the hour and minute of the passage of Aries O,
first found : turn the globe until the given hour is
under the horary index, and place it due north and
south by the mariner’s compass, attending to the va-
riation of the needle, and you will have a perfect
representation of the starry firmament, not only for
that instant, but as long as you please to apply your-
self to the knowledge of the stars that evening, by
only moving the globe to any other minute under
the horary index as the time advances.

Thus, on the 25th of February, A.D. 1770, about
A6 minutes after V in the evening, the star called

Al-debaran, or the Bull's-eye, will be upon the me-
ridian of London, or places adjucent; about VL
o'clock that evening, Orion will begin to pass the
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meridian, and present a glorious view to the eyes of
the observer, there being so mzny eminent stars in
that constellation, then successively passing over the
meridian until £ past VII; all the stars in Auriga,
or the Charioteer, will be passing the meridian at the
same time ; after which Canis Major will succeed,
with Syrius, the Dog-star, at the side of his jaw;
then Canis Minor, and Gemini, or the Twins, will
follow, and so on for the remainder of the ni ght.—
This appearance may be observed several months, but
at different hours in the night, which may be found
by this Problem.

Also, on the 8th of May in the same year, the
first point of Aries will pass our meridian at 20 h.
58 min. 29 sec. but if we reckon the hours from mid-
night, at 58 minutes past VIII in the morning, at
which time no stars can be seen ; therefore we must
have recourse to the right ascension of the first point

of Libra, which is thus obtained:

fi. min. sec.

To the right ascension of the first point of Aries 20 58 20
add” ‘11 58 0O

e

32 56 29
When the hours exceed 24, subtract therefrom 24 e O
T =l

The right ascension of the first point of Libra A
: 8 56
A.D. 1770, May sth,at - - 5 o6 29
in the evening.

Now in the precept to this Problem, read Libra
snstead of the word Aries, and the rule will hold good
in this as well as in the first case. Therefore,

Bring the first point of Libra to the graduated
side of the strong brass meridian, and set the horary
index to 56 minutes past VIIL in the evening, tyrn
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the globe until the horary index points to 10 minutes
past X o'clock, and you will find the star called Spi-
ca Virginis, being that in the ear of corn she holds
in her hand, a star of the first magnitude marked a,
upon the meridian at that time. If you then look
at the firmament, you will see the constellations Can-
cer, Leo minor, Leo major, the great Bear, with the
head and wings of Virgo on the western side of the
meridian ; and on the eastern side thereof, the Ba-
lance, Scorpio, Bootes, Hercules, &c. successively
following the first point of Libra in their passage
over the meridian,

THE CORRESPONDENCE OF THE FIXED STARS.

202. Before we attempt an observation of this
kind, a signal or warning star must be first obtained ;
that s, such a star is to be sought, as shall have the
same or nearly the same quantity, either in degrees
or time of right ascension, reckoned from the first
point of Aries, as the place, over which any other
star shall then happen to be a correspondent, shall
have of longitude, reckoned eastward of London.

It has been shewn, that declination in the celestial,
and latitude on the terrestrial, globe, mean one and
the same thing, both being measured by their dis-

tance from the equator; consequently, if the decli-
nation of any star is equal. to the latitude of any
place, that star, by a line conceived to be drawn
from it to the center of the earth, will describe the
parallel of that place ; whence it becomes a corre-
spondent, not only to that particular place, but alsg
to all those places which lie in the same paralle] of
latitude, by passing perpendicularly over them all
M
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once every 24 hours: - But as apreparation, we must
first shew, by the following problems, -how to find
those places to which any star-is a correspondent,
and. those stars which are correspendents to any
~ place.

Prosrey L. - To find all those places. to which
any star is a correspondent.

903. First find the declination of the star on the

celestial globe by Problem V. Art. 55, and remember
whether it be north or south ; count the same num-
ber of degrees upon the strong brass meridian of the
terrestrial globe the same way from the equator, and
note the place by holding the edge of a card thereto;
turn the globe from east to west, and all those places
which pass under that point, will be correspondents
to that star, because they will be in the line passing
from the center of the earth through the very place
upon its surface, to which the star is at thit time
vertical. Thus, ;
" The declination of the star marked , in the head
of Dréco, is 51 deg. 32 min. equal to the latitude of
London ; therefore this brilliddt star ‘of the second
magnitude may be called the star of 'this thetropolis,
without being deprived of its own Tame; it may
Jikewise take the name of any other place in the pa-
rallel of London.

The reverse of this Probletn, being to find all the
dtars which are correspondents to any place, is so
easy as to require N0 farther explication, than that of
applying first to the terrestrial globel

The apparent diurnal motion of one ' star ‘only,
will successively shew its perpendicularity to various

gountries, as will appear by '




Celestial and Teryestrial Globes. 162

A GENERAL DESCRIPTION OF THE PASSAGE OF THE
STAR MARKED Y IN THE HEAD OF THE CONSTEL=
LATION DRACO; OVER THE PARALLEL OF LONDON,

204. This eminent star traces the péral!el of Lon-
don, and is a star of perpetaal apparition to the in-
habitants of the Britannic isles ; it comes upow the
meridian of London with the 26sth degree of right
ascension, and is at that time directly perpendicular
to, or over the heads of, the people of this city, two
minutes of an hour after its warning star marked k
in the milky way, has passed the meridian.

Note. This star marked k is the southernmost of
a group of five stars, situated between the shoulder
of Serpentarius and Sobieski’s shield, which in the
firmament appear in the form of a Roman V, as may
be seen upon the globe.

The declination of our correspondent star y in
the head of Draco, is 51 deg. 32 min. equal to the
latitude of London ; with which apply to the terres-
trial globe, and bring London to the graduated side
of the strong brass meridian, and set the edge of a
card thereto, holding it to the brass meridian with
your right hand, while you gradually turn the globe
from west to east with the other hand, and that point
of the card which is upon the globe will then repre-
sent the intersection of that line upon the surface of
the earth, which we have supposed to pass from the
center of the earth to the star; and as this point,
though at rest, passes over the parallel of London
upon the globe, so does the central ray, proceedi
from the star, really pass oyer every point of Jang,

M2
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and sea, upon that part of the earth which 18 Cir-
cumscribed by the parallel of London.

Thus you will see the star marked v, in the head
of Draco, pass from London over the road to Bristol,
and dart its perpendicular rays upon that city ; then
crossing the sea, it reaches Ireland between Kinsale
and Cork, and leaving that kingdom, will shine over
the Atlantic Ocean, until it is perpendicular to the
north cape of Newfoundland ; whence it.will be ver-
tical to Eskimos, and pass between lake Achona and
northern coast of the gulph of St. Lawrence, then
it will cross St. James’s Bay, - Kristino, &c. and pass
westward over a vast space of land but little known
to the Europeans ; thence it will leave the western -
coast of North America, to shine upon the northern
part of the Pacific Ocean, until it is perpendicular to
several islands, one of which is called St. Abraham ;
it crosses the southern land of Kamkatska, and the
island Sangalien ; thence it becomes perpendicular to
the continent near Telmen on the east side of Mon-
gales in Chinese Tartary, and so proceeds to cast its
perpendicular rays over a vast country in Asia, being
sometimes a zenith point to the Chinese, at other
times to the Russian Tartars, and passing over Biel- :
gorod, becomes vertical to Muscovy, Poland, Ger-
many, and Zealand, and so crosses the sea again to re-
turn to its perpendicularity ov:. the city of London ;
«all which is perfo,rmed by the earth’s diurnal metion
in so short a time as twenty-three hours and fifty-six
minutes. :

When a beginner has been thus exercised with
. #Re general passage of two or three principal stars
over their correspondent parallels on different parts
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of the earth, his ideas will be so greatly improved,
that maps and charts may then be laid before him
with prepriety, in order to confirm him in the know- :
ledge of the particular parts of those very parallels,
of which he has already attained a general idea
upon the globe,

Prosrem LI. 7o find -a signal, or warning
star, that shall be upon or near the meridian of an
observer, at the time any known star is perpendicular
to any place on its corresponding parallel. '

295. Bring the given place to the graduated side
of the strong brass meridian on the terrestrial globe,
, and it will cut the degrees of its longitude, reckoned
eastward from London, upon the upper row of
figures over the equator ; then :

Apply to the celestial ‘globe, and set the given
star under the graduated side of the strong brass
meridian, which will cut the degree of its right as-
cension on the equinoctial.

If the situation of the observer is west of the
given place, subtract the terrestrial longitude from
the right ascension of the star; if east, add the
longitude, and move the celestial globe, till the
sum or residue thereof is under the graduated side
of the strong brass meridian, and then that side
will be directly over those stars which are upon,
or have just passed, or are not quite come up, to
the observer’s meridian, at the moment the given
star js vertical to the place proposed; either of
which will correctly answer the present purpose, and
become the signal or warning star; that upon its
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arrival on the meridian, ‘will declare the given star to
be vertical to the place assigned.

Thus let the observer be in or near London, and
the bright starin Lyra, or the harp, of the first
magnitude, be given, it 13 called Vega, and marked
%+ this star is a correspondent to the south
west cape of the island of Sardinia in the Medi-
terranean.

The longitude of this eape from London is 9
degr=cs, and the right ascension of the star Vega
is 277 degrees; as London is west of Sardinia; O
degrees subtracted from 277 degrees, leaves 208
degrees of right ascension, to which the celestial
globe being set, the graduated side of the strong
bross meridian will be found directly over the star
¢ in Draco, and alse @ver 'a star of the fourth
magnpitade in one of the heads of Cerberus: These
are eminent signals, and both upon the meridian,
when at the same time the star markeéd 4,
the knee of Hercules, will have passed the me-
ridian about two minutes of an hour, and the star
marked P, of the fourth magnitude, in the milky
way, will want about two minutes of an hour of
coming to it. 3

Hence when the star marked v, in the head of
Draco, sends forth its perpendicalar rays upon- the
city of London, the star Vega in Lyra will also be
perpendicﬂlm‘ to the S. W. cape of the island of
Sardinia. At which time an observer at London
will be sensible of the distance between the zenith
of the two places; and may note the bearing of
Sardinia from London .upon his sensible horizon,
to which he may refer at any time in the day.
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An observer at Sardinia may note the same with
respect to the. v distance -and b=aring of London
from him.

To excite students who. have an aspiring emula-
tion to improve themselves in this extensive science
of geography and astronomy, the principal requi-
sites whereby they may acquire universal know-
ledge, we shall proceed to illustrate this system of
the natural agreement between the cclestial and
terrestrial spheres; by a few interesting examples.

Exanmrre 1.

WHEN THE STAR MARKED ¢ IN THE HEAD OF DRACO
15 PERPENDICULAR TO THE €ITY OF LONDON, THE
TWELVE FOLLOWING STARS MAY BE SEEN FROM
THENCE AT THE SAME TIME, WHEN THEY WILL
ALSO BE PERPENDICULAR TO A5 MANY PLACES
UPON THE EARTH,

206. The signal or warping star is y in the
head of Draco, which comes upon the meridian
with the 2068th degree of right ascension; it will
be vertical to the city of London two minutes of
time after the star marked k, in the milky- way,
near the equinox, has passed thé‘meridian, at which
time the twelve following stars will be vertical to the
places they stagd against —
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WEsT or LonNDoON.
Right et West
an Lon.
| i 3 Lat. 3
| 2674 | Knee of Hercules | ¢ | 37 | Carthagena, Old o}
Spain
26734 | Wrist of Hercules | : { 30}| Frontiers of Mo-
rocco and Tar- 0%
gua
261 | Rasalbagus, Ser-} 101 Kingdom Kom- be
pentarius = 3| bergrada, Africa
198 | Spica Virginis @ | 10 | Peru, S. America| 70
175 | Deneb Alasad, ] | g 16 | Chapa in Mexico 93
Lion’s tail
191 | Alioth, 1stintail 57 Isle Belchier, 77
Great Bear \ Hudson's Bay
EassT or Loxnpon.
Right \ Dech, East
Asc, | Lat. Lon.
277 | Vega, in Lyra F 383 1S. W, Cape, Isle 9
of Sardinia :
295 | Atair, Eagle’sneck |«| 8 |Frontiers of Benin
and Nigritia, 17
Africa
290 |Swan'sbeak, Al-] | ; o7 Mid. LevatainTa-
bireo » & gua, A_fnca 22
308 | Deneb, Swan’s '
| ramp «| 443} Palmyra 40
543 " | Sheat, in Pegasus | #1297 | Middle of Magul's 5
: i Empire 7
_ 309 |Swan's So. Wing | s |.33% | Frontiers of Tur-
[ keyin Asia, and
! L Desert Arabia
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The use of a warning star is to point out the true
time of the pheenomenon, which is to be first nearly
found by obtaining the time of the right ascension of
that star for the evening on which the observation
is intended to be made.

This table of correspondents was formed as fol-
lows :

The right ascension and declination of the stars
were found in round aumbers upon the celestial
globe; and written in two columns, inclosing the
names of the stars; the columns for the names of
the correspondent places being left blank for their
insertion afterwards :

Next, as the longitude on our new terrestrial
globes is numbered both ways from the meridian of
London, whatever the right ascension of the signal
star may happen to be, that point of the celestial
sphere is likewise considered to be upon the meri-
dian of London. Therefore,

To gain the longitude in ‘the last column of
the table, if the given stars were east of the sig-
nal, the right ascension of the warning star was
subtracted from the right ascension of the given
star.

But the west longitude was obtained by sub-
tracting the right ascension of the given stars from
that of the signal.

The reverse of this example is to find what stars
will be perpendicular to any place upon the earth,
a warning star being known, that shall be upon the
meridian of an observer, when the stars to be
sought shall be vertical to the places assigned, which
the reader will easily perform from what has been
already said,
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Wihien a star is known to_be perpendicular to any
assigned place, /its correspondence to that terrestiial
point may be equally affirmed, to all those who ean
see it at that instant from -any part-of the earth, or
sea, they may then happen to be upon.

If an observer. in Palmyra, another in the middle
of the Mogul's empire, a third at Levata in Africa,
and a fourth /at Chapa in Mexico, should- look at
the star y, in-the head of Draco, the moment it is
in the zenith of 'London, they will see its cor-
respondence  to that metropolis -at- one and the
same instant of time; their hour only will be dif-
ferent according to the difference of the meridians,
as those places are’ situated either east or west from
London. '

The signal or warning  star 'to each of these
places, - is the ‘perpendicularity of that star expressed
in the preceding catalogue of twelve stars. :

From the observation under either of these stars
in the cataloghe; may be seen the: other twelve
stars, ‘when they are-shining over'the heads of
the inhabitants of all the other counmtries: therein
named.

This constitutes the system of astronomical geo-
graphy béfore spoken of.  It; affords us @ real’as-
sistance from the heavens, whereby we not Only
see the marvellons distances of a multitnde of
celestial bodies, composing that part of - the universe,
which we «are’ permitted to 'behold ; but it also
«enables us to comprehend the distances and bearings
‘of the most remote countries from that point of the
earth upon which we stand.

Examrere TI.
207. When the bright star marked 8, in the
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head of Castor, is upon the meridian of London |
with the 110th degree of right ascension, the
twelve following correspondents will be vertical to !
the places annexed : — |

W ESTWARD. |
Right Decl.» West
AD and I
e Lat.” } A

meda, Mizar

it | Girdleof Andro—} 34 | Kichuans, Lou:lsianax 96

18 | Cassiopea’s thigh | 2| 59 ' P.Walesfort, Hud-} 92 |
son's Bay = {
27 | Almaak, foot o Twightees, S. o ‘ _
Andromeda f} s Lake Michigan 3 "
32 |ShoulderofPersens|y | 52 | Eskimos between 1
L. Otter and L. ‘

Pitetibi, North j

America

47 1 Algenib, Perse-} | Cape Risher, G.] |~

us's side o5 OF 49 St. Lawrence 63 ,
76 | Rigel, Orion’sfoot | €| 9 | Bea and Coast of 24 |
; Ofinda |
L L |
EAsTWARD. 5
|
k Decl. : )
Right and East ‘ |

AsC. Lat. Lon. |

132 | Great Bear'sfoot || 47 | Middle of Hungary | 22

139 | Hydra's heart &/ 8 | Kingdom Massey, 29
Aftica
143 |Corner of the 33 i

-
L]
W

Lion's mouth Nahassa, in Egypt

1 ion’ .
149 Relgmua]::, el 2| 13 | Abyssinia, Africa 39
176 |Third in the Sq. Ostiakis, S;Wpart] | 4o
Great Bear of Siberia
192 | N.Wingof Virgo Sea 2° E. of Pon-
Vindematrix dicherry 82

<
L5
]
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These stars are visible in the months of January,
February, and March.

Examrre IIL

298. When the bright star marked « in the ear
of corn which the Virgin holds in her hand,
called Spica Virginis, is upon the meridian of Lon-
don with 198 degrees of right ascension, the fol-
lowing twelve stars will be vertical to the several
places in the following table :—

WESTWARD.

Right Daicci : W.
Asc. ey Lon,
go | Fivststar in the Isles of Tres Ma-

foot of Castor § | 7| 224 rias, New Spain s
113 | Head of Pollux 2| 29 |Sea near C.Escon- 85
did, Florida

139 | Hydra's heart «| 73| Yamari, a Brauch
of the Amazo- 61
nian River

149 |Regulus, Lion's Sea 12° E. of the

heart B Antilles 49

175 | Lion's tail, Alasad |#| 16 | Near Bonavista, 23

: C. Verd Isles
191 | First intail Great] | | 57 Western Isles of
Bear, Alioth = Scotland } 7
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Eastwarp,
Right I?a?ﬁil E.
Asc. Lat. Lon.
212 | N. Hand of Bootes | 4 | 52 | 8. of Berlin, in 14
Prussia
243 |Scorpion's heart |=] 25| 8. Coast of Mada- 45
gascar 5
249 |In the Back of »| 39 8. E. of the Cas- 51
Hercules pian Sea
277 |Vega,inLyra - |e| 39 | Coten, in Tartary 70
290 | Albiero, the ¢l o8 Toudsang; in 'I‘bi-} 92
Swan's beak bet Major &
204 | Atair, in the Eagle |2 | 8 | Eastern Sea, or}
Coast of Ma- 96
lacca

This pheenomenon may be seen in the months
of April, May, and June.

Examrre 1V.

299. When the 289th degree of right ascension
is upon the meridian of London, signified by one
minate of an hour after the star marked 3 in the
southern wing of the Eagle has passed the me-
ridian, then the twelve following places will have
the annexed stars in their zenith :—
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5

WESTWARD.
{
Right ot W.
Asc. Tab. Lon
2006 The gtar in tbe} g | 5€2 2° 8. .Cape 53
i Jeg of Bootes ' e Corrente, Cuba i
a ~
R of} 1] 15 | Collao, in Pem 70
o |4
226 “'\“:;;_hﬁgra Scale %l z| & | Amazonia, Americal 63 ;
236 I}_LI star in:Seorpio | 7| 25 | Paraguay, America- | 53
240 d of - Ser— 1 4 et ’ ‘
;:;trtm:m e &1 3 | N.W, partof Brazil| 40 |
267 | Knee of Hercules 8| 37 | N.of St. Michael, o
l \ in the Azores .
| ]
EASTWARD.
D i
Right a?_\fil' E.
Asc. Tt Lon.
591 | Side of Cepheus | 8| 70 Fro. Sea near Islc] : s
Wardus,Laponia§ | =7
398 | Should. of Aquariusj« | 1 Between Sio and] |
Ampaia, Zan- 39
EUC‘D'“' ¢
831 | First in the head Russiay 4° E. of |
of Cepheuns £ 56 Moscow § 42
343 | Markab in Pegasns | & a7 | Sea Coast in Per- :
stan Gulph 94
350 | Andromeda’s head | 4| 27 |Tala, Mogul s Em- } -
7
1 pire
: 360 | A slar 1B Pegasus {v| 14 | Seanear IsleLak- || 4
dinas ) f

These stars may be observed in the months of
July, Auvgust, and Septemnber.




300. When the star marked § in the side of the
Whale is upon the meridian of Liondon, with ‘18
degrees of right ascension, the twelve following starg
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will be in the zenith of the annexed places :—

WesTWaARD.

o & XoF
Right i Ww.
Asc, ¢ Lon

Lat, s
200 | The Swan's beak |2 | 28 Gu]ph Mexico,, 3 38
{ S. Misisippi 3
294 |FirstinitheSwan's { | 5 44 |Leke Michigan, 34
wing ’ Canada
308 |Deneb, in the \ e
Swan's rump | 44 | New England 70
824 |Side of Cepheus |2| 70 |Cumberland near &
Baffin's Bay X
331 | Head of Cepheus | :| 56 | N. Sea, E, of La- 4
brador 7
_..341 |Fomahaut, mouth 30 | Middle of the At-} a7
of Pisces Notius lantic Ocean
EAsTWARD,
Right Da‘ncdl dgi
Asc. Lat. Lon,
27 |al ot of o
] 4 ﬁﬁ;éﬁd; % v | 41 | Seacoastof Sardinia 9
42 i}luulldt‘r of Perseus| 1 52 | Brisac Luthania 24
o i 1o
P41 _‘l' C:TI;DEEIWhme *L &l '8 | Peke Bake, Aftica 25
163> | The Pleiades 23 | Frontiers of Egypt} o
: i ang-Nubia |

! 86 |Northfootof Pollox|v| 16 | Golconda, Asia 78
112 {Procyon, ittle Dog |z | 6 [Seal®N.W.Achem

t b g Sumatra 94

v

e ——
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The stars in this example may be seen in the
monthe of October, November, and December.

Prosuest LII.  The phenomena of the harvest
Mmoon.

301. When the moon is at or near the full,
about the time of an antumnal equinox, she rises
nearly at the same hour for several nights together :
this pheenomenon is called the harvest moon.

To account for this upon the celestial globe, set
the artificial sun upon the first point of Libra, where
the sun must necessarily be at every autumnal equi-
nox, and place the artificial moon upon the first point
of Aries, where she ‘must be, if 2 full moon should
happen at that time.

Rectify the globe to the position of a right sphere,
Art. 214, which answers to the inhabitants of the
equator ; bring the center of the artificial sun to the
western edge of the broad paper circle, and the ho-
rary index in this case being the graduated edge of
the strong brass meridian, will cut the time of the
sun’s setting, and the moon’s rising ; hence it is ob-
vious the moon will rise when the sun sets, which
will be at VI o’clock, because they are both supposed
to be in the celestial equator, but in opposite signs,
Therefore on that day the same pheenomenon will
happen in all latitudes between the equator and
either pole.

But as the moon’s ‘motion in her orbit, which we
shall at present consider as coincident with the eclip-
tic, is about 13 deg. 10 min, every day, which retards
her diurnal motion about 51 min. 56 sec. of time
with respect to the first point of Aries, this daily dif-
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ference as it relates to the sun is generally reckoned
at 48 minutes of time, or two minutes for every
hour,

Let us now enquire upon the globe, what time the
moon will rise the next night after the autumnal
equinox, at which the sun will have advanced oné
degree in Libra, and the moon 13 deg. 10 min. in
Aries, which is 12 degrees more than the sun has
done in the same time : therefore place the center of
the artificial sun upon the first degree of Libra, and
the artificial moon on 13 deg. 10 min. of Aries, the
globe being rectified as before to the position of a
right sphere, bring the artificial sun under the gradu-
ated side of the strong brass meridian, and set the
horary index to XII, turn the globe until the artifi-
cial sun coincides with the western side of the broad
paper circle, the horary index will shew he sets
that evening at VI o'clock, and the globe being turn-
ed till the artificial moon coincides with the eastern
side of the broad paper circle, the horary index will
shew the moon’s rising that evening to be about 48
minuates past VI o'clock, with-5 degrees of amplitude
northerly, as she is mow entered into the northern
half of the ecliptic.

Now elevate the north pole of the globe to the
latitude of London, every other rectification-remaijn-
ing the same, and bring the artificial moon to the
east side of the horizon, and the horary index will
point to 20 minutes past VI, her time of rising ; and
her amplitude at that time will be about 8 degrees, 3
degrees more than at the equator the same evening.

If we thus investigate the time of the moon’s ris-
mng for two or three nights together, before and gfter

N
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the autumnal full moon, it will be found nearly the
same,

The reason is, that the full moons which happen
at this time of the year, are ascending from the
southern into the northern signs of the zodiac:
whence the moon describes a parallel to the equator
every night more northerly, which increases her ris-
ing amplitudes considerably, and more so as the lati-
tude is greater, as in the present example ; hence 1t
is plain, that the nearer any celestial object is.to either
pole, the sooner it ascends the harizon,

Every thing remaining as before, if we elevate the
porth pole of the globe to 60+ degrees, which is the
latitade of the northern polar circle, and bring the
artificial moon to the east side of the horizon, she
will be found to rise about the same time that the
sun sets the evening after the autumnal full moon,
which is about VI o'clock, at which' time her place
and amplitude will be about 13 degrees.

In this position of the globe, if the artificial moon
be removed 13 deg. 10 min. upon the ecliptic, which
is her mean motion therein for one day, and s0 on
for fourteen nights together, she will be seen to rise
within the space of one hour during that time, which
will be clear on observing that half the ecliptic rises
at once.

It is remarkable that when  the moon varies least
in the time of her rising, the diurnal differences are
greatest at the times of her setting.

What Has been said with respect to north latitudes
is equally applicable to south latitudes.

In like manner the new moons in spring rise near-
ly at the same hour for several nights successively,

6
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while the full moons rise later by a greater difference
than at any other time of the year, because at this
time of the year the new moons are in the ascending,
and the full moons in the descending signs.

This pheencmenon varies in different years: the
moon’s orbit being inclined to the ecliptic about 5
degrees, and the line of nodes continually moving
retrograde, the inclination of her orbit to the equa-
tor will be greater sometimes than at others, which
prevents her hastening to the northward, or descend-
mg southward in each revolution with equal pace,

Prosrev LIII. 70 find the time of the year
in which a star rises or sets cosmically or achroni-

cally.

302. The cosmical rising and setting of a star, is
when a star rises with the sun, or sets at the time
the sun is rising.

The achronical rising or setting of a star, is when
a star rises or sets at the time the sun is setting.

Elevate the pole of the celestial globe to the lati-
tude of the place, and bring the star to the eastern
edge of the broad paper circle, and observe what de-
gree of the ecliptic rises with it, which seek in the
kalendar on the broad paper circle, against which is
the day of the month whereon that star rises cos-
mically.

Turn the globe till the star coincides with the
western edge of the horizon, and that degree ojf' the
ecliptic which is cut by the eastern side, gives the
day of the month when the star sets cosmically ; so
Likewise against the degree which sets with the star,
you have the day of the month of its achronical set-

N2

————

——
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i
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ting, and if you bring it to the eastern side of the
horizon, that degree of the ecliptic then cut by the
western side of the broad paper circle sought in the
kalendar, will shew the day of the month when
the star rises achronically.

Prosrem LIV. T find the time of the heliacal

rising and setting of a star.

303. When a star is first visible in the morning,
after having been so near the sun as to be hid by the
splendor of its rays, it is said to rise heliacally.

When a star is immersed in the evening, or hid
by the sun's rays, it is said to set heliacally.

Elevate the pole of the celestial globe to the lati-
tude of the place, bring the star to the eastern side
of the broad paper circle, fix the quadrant of altitude
to the zenith, and apply its graduated edge to the
western side in such a manner that its 12th degree
above the horizon may cut the ecliptic, the point
opposite to this will be 12 degrees below the broad
paper circle on the eastern side, and is the sun’s
place in the ecliptic at the tuime a star of the first
magnitude rises heliacally ; seek this point in the
kalendar, or upon the ev‘::'iiptic line on the globe,
against which you will find the day of the year when
that star rises heliacally.

To find the heliacal setting, bring the star to the
western side of the horizon, and turn the quadrant
of altitude on the eastern side, till the 12th degree
cuts the ecliptic; its oppesite point is the sun’s
place, which sought either upon the kalendar or
ecliptic line, gives the day of the year when the star
sets heliacally,
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Stars of the first magnitude, according to Ptolemy,
rise or set heliacally, when they are 12 degrees dis-
tant from the sun; that is, when the star is rising,
the sun must be depressed in the perpendicular be-
low the horizon 12 degrees, that the star may be far
enough from the sun's rays to be seen before he
rises.

Stars of the second magnitude require the sun's
depression thirteen degrees, and those of the third
magnitude fourteen degrees, &c.

THE MANAZIL AL KAMER OF THE ARABRIAN ASTRO~
NOMERS, * FROM ULUGH BEIGH, PUBLISHED AT
OXFORD, 1665. '

304. The manazil al kamer of the Arabian astro-
nomers, are XXVIII; they are so called, i.e. the
mansions of the moon, because they observed the
moon to be in or near one of these every night dur-
ing her monthly course round the earth: they are

these that follow, to which upon the globe the

Arabian characters are affixed, but omitted here for
the want of an Arabian type.

1. Al Sheratdn, these are the first and second stars
of Aries, or the stars in the Ram’s horns, marked
B and y, with 1, , signifying the first mansion of

the moon, which the reader will please to remem-
ber once for a],

II. Botein, the stars in the Ram’s belly, according
to Ulugh Beigh; by Bayer, and on our globe,
t and ¢.

* See the Rey, Mr. Costard's History of Astronomy, p- 10,
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MI. 4! Thuraiga, the Pleiades.
IV. Al Debardn, the Bull's eye.
V. Al Hek'a, the three stars in the head of Orion.

VI. Al Hen'ah, the star marked £ in the left foot of
Pollux.

VII. A! Dira, the two bright stars, one in the head

' of Castor, the other in Pollux, marked « and (3.

VIIL.. 4l Nethrak, the nebule, or group of stars n
Cancer, marked ¢, called by the Greeks garwm, i. €.
Preesepe.

IX. Al Terphah, the Lion’s eye, marked p.

X. Al Gebha, the star in the Lion’s mane, mark-
ed £. :

X1 Al Zub'rah, the stars in the Lion’s rump, mark-
ed dand 9.

XII. Al Serphah, the Lion’s tail, marked 3, called
Deneb al asad.

XUI. 4l Awwa, they are four stars in Virgo, mark-
ednd by,

XIV. Simdk al A’zal, the Virgin’s spike, marked ¢,

XV. Al Gaphr, three stars in the skirt of the robe
of Virgo, marked ¢ »x,

XVI1. Al Zubina, that is Libra; the northern scale
is called Zubdnah Al Shemali, and is the star mar-
ked @ ; the southern scale, marked «, is called Zy-
bénah al Genuli; Shemali signifies northern, and

Genubi southern ; they are exactly miscalled on

the common globes of modern construction,
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KVIIL. 4l-Iclil, these are the four stars in Scorpio,
marked v 8 & 7.

XVIIL. Al Kalb, the Scorpion’s heart, marked «
more fully, Kalb Al Akyab. The word Antares,
if it is not a corruption, has no signiﬁtation, and
is therefore omitted.

XIX. A Shauloh, the Scorpien’s tail, or the star
marked . The word Lesath we have omitted,
being ancther pronunciation of Ldsah, the true
name is Shaulah.

XX. A! Ndaim, these are eight stars in Sagittary,
marked ¢ ¢ ¢ A w o ¢ ¢; Ulugh Beigh makes themn
only three, i, e. y o 4.

XXI. Al Beldah, this is that part of the Horse in
Sagittary, where there are no stars drawn, and if
there be any in that part of the heavens, itis
thought they are only telescopic stars.

XXII. Sad Al Dégbih, three stars in Capricorn; mar-
ked & £ v

XXII. Sad Al Bula, the star marked v in the hand
of Aquarius.

XXIV. Sad Al Suid, the stars marked £ and ¢ in
Aguarius, :

XXV. Sad Al Achbigah, three stars in Aquarius
marked o £ 8.

XXVI. 41 Pherg al Muliaddem, the stars marked
and 8 in Pegasus,

XXVII. Al Pherg al ﬂfrzdc::kir; these are two stars,
one in the head of Andromeda, marked 9, the
other in the wing of Pegasus, marked v,
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XXVIII. A! Rishd, the star marked £ in the girdle
of Andromeda.

This is a division of the heavens, different from
any thing the Greeks were acquainted with, and
therefore was not borrowed from them.

Proerem LV. 7o find a meridian line.

305. Bring the sun’s place in the ecliptic on the
celestial globe, to the graduated side of the strong
brass meridian, and set the horary index to that XII
which is most elevated ; turn the globe, till the star
marked y in Cassiopea’s hip, is under the graduated
side of the strong brass meridian, with about 11 de-
grees of right ascension ; at which time the polar
star, in the extremity of the tail of the little bear,
will be above the pole, and upon the meridian also.
If you find in this application of the globe, that the
horary index points to any hour of the day, when
the globe is rectified to the latitude of your situation,
turn the globe again, till the star marked ¢, called
Alioth, being the first in the tail of the great Bear,
is under the graduated side of the strong brass
meridian, and then the polar star will likewise be
upon the meridian, with about 191 degrees of right

- ascension, but under the north pole, and the horary

index will point out the time of the night, when this
heenomenon is to happen ; before which you are to
have the following apparatus properly prepared, that
you may be ready to attend the observation, that is,
to find your meridian line.
Suspend two plumb lines, and let their weights be
immersed in water, t0 prevent their vibrating, but
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n _such a manner that the string of one of them may
be directly between the polar star and the string of
the other. After this adjustment of the two strings,
if they remain untouched till the next day at noon,
a meridian line may be obtained at any window if
the house which has a southern aspect, by suspend-
ing lines as above from the ceiling ; that next, the
window may be fixed, but the other should be move-
able in a_direction nearly east and west ; the weights
of these ought also to be immersed in water : then,
if two persons attend a little before noon on the next
day, one of them_at the two first plumb lines which
were adjusted to the polar star, and the other at the
two plumb lines in the house which are then to be
adjusted, each of them holding a sheet of white
paper in their hands, to receive the shadow of the
two strings cast thereon by the sun; the first obser-
ver is to give a signal to the second of the instant
the two shadows on his paper are united in one and
the same line, at which time the sun will be precisely
upon the meridian. The other observer in the
house is likewise to attend with diligence, and as the
sun is coming nearer and nearer to the meridian, he
is constantly to remove his moveable plumb line, and
keep the shadows of his two strings always united in
one distinct shadow, that his observation may be
complete, when his assistant gives the definitive
signal. :

If this be repeated four or five times, a very accu-
rate meridian line may be obtained, and may be drawn
on the window, the floor, or a pavement, by their
shadow when united by the sun's rays, and the pluml
lines may be occasionally suspended from two fixed
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hooks, when you chuse to observe the passage of the
stars across the meridian.

For the use of the curious it will not be improper
to observe, that the late Dr. Bradley found that the
distance of the star marked o at the extremity of
the tail of the little Bear, from the polar point, was
2 deg. 1 min. 39 sec. on the first of January, A. D.
1751, old style; at the same time its right ascension
was 10° 45’ 157, equal to 43 min 1sec. of time;
and as the right ascension increases 1 min. 16 sec.
every ten years, its right ascension may be obtained
for any succeeding year ; and having the sun's right

ascension in time also, subtract the last from "the
first ; by adding 24 hours to the right ascension of
the pole star when it is less than the sun’s, the re-
mainder will be the time of the star's coming to the
meridian. :

Then, as before, hang up two plumb lines, between
your eye and the polar star.

Proerem LVI.  Of the equation of time.

306. As time flows with great regularity, it is
impossible fo measure 1t accurately, and compare its
several intervals with each other, but by the motion
of somé of the heavenly bodies, whose prograss 13 ag
uniform and regular as itseif.

Ancient astronomers looked upon the sun to ' be

' sufficieritly regular for this purpose’; but by the ac-

curate observations of later astronomers, it is found
that neither the days, nor even the hours, as measur-
ed by the sun’s apparent motion, are of -an equal
length, on two accounts:
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ist; A natural or solar day of 24 hours, is that space
of time the sun takes up in passing from any particu-
lar meridian to the same again® and one revolution
of the earth, with respect to a fixed star, is performed
in 23 hours, 56 minutes, 4 seconds; therefore the
unequal progression of the earth through her ellip-
tical orbit, (as she takes almost eight days more' to
run through the northern half of the ecliptic, than
she does to pass through the southern,) is the reason
that the length of the day is not exactly equal to the
time in which the earth performs its rotation about
its axis.

2dly, From the obliquity of the ecliptic to the
equator, on which last we measure lime; and as
equal portions of one do not correspond to equal por-
tions of the other, the apparent motion of the sup
would not be wuniform; or, in other words, these
points of the equator which come to the meridian,
with the place of the sun on different days, would
not be at equal distances from each other.

This last is easily seen upon the globe, by bringing
every tenth degree of the ecliptic to the graduated
side of the strong brass meridian, and you will find
that each tenth degree on the equator will not come
thither with it, but in the following order from v
to o5, every tenth degree of the ecliptic comes sooner
to the strong brass meridian than their correspond-
ing 10ths on the equator ; those in the second quad-
rant of the ecliptic, from o5 to == ¢ome later, from
2= to V§ soomer, and from V§ to Aries later, whilst
those at the beginning of each quadrant come to the
meridian at the same time; therefore the sun and
clock would be equal at these four times, if the sun
was not lopger in passing through one half ¢f the
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ecliptic than the other, and the two inequalities jofn-
ed together, compose that difference which is called
the equation of time."

These causes are independent of each other; some-
times they agree, and at other times are contrary to
one another.,

. The time marked out by an uniform motion is
called true time, and that shewn by the sun is called
apparent or solar time, and their difference is the
equation of time,

WE NOW PROCEED TO SHEW HOW THE TERRESTRIAL
GLOBE WILL REPRESENT THE REAL PHENOMENA
RELATING TO THE EARTH, WHEN ACTUALLY COM-
PARED WITH THE REFULGENT RAYS EMITTED
FROM THE GREAT SPHERE OF DAY,

307. The meridians on our new terrestrial globes,
being secondaries to the equator, are also hour circles,
and are marked as such with Roman figures under
the equator, and at the polar circles, But observe,
there is a difference in the figures placed to the same
hour circle ; if it cuts the 1IId hour upon the polar
circles, it will cut the IXth hour upon the equator,

‘which is six hours later, and so of all the rest.

Through the great Pacific sea, and the intersection
of Libra, is drawn a broad meridian from pole to
pole, it passes through the XIIth hour upon the
equator, and the VIth hour upon each of the polar
circles ; this hour circle is graduated into degrees

- and parts, and numbered from the equator towards

either pole.

There is another broad meridian passing through
the Pacific sea, at the IXth hour.upon the equator,
and the lIId hour upon each polar circle; this con-
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tains only one quadrant, or go degrees, the numbers
annexed to it begin at the northern pular circle, and
end at the tropic of Capricorn.

Here we must likewise observe, there are 23 con-
centric circles drawn upon the terrestrial globe with-
in the northern and southern polar circles, which for
the future we shall call polar parallels ; they are plac-
ed at the distance of one degree from each other,
and represent the parallels of the sun’s declination,
but in a different manner from the 47 parallels be-
tween the tropics.

The following Problems require the globe to be
placed upon a plane that is level, or truly horizontal,
which is easily attained, if the floor, pavement,
gravel-walk in the garden, &c. should not happen to
be horizontal.

A flat seasoned board, or'any box which is about
two feet broad, or two feet square, if the top be per-
fectly flat, will answer the purpose, the upper surface
of either may be set truly horizontal, by the help of
a pocket spirit level, or plumb rule, if you raise or
depress this or that side by a wedge or two, as the
spirit level shall direct ; if you have a meridian line
drawn on the place over which you substitute this
horizontal plane, it may be readily transferred from
thence to the surface just levelled ; this being done,

we are prepared for the solution of the following
Problems.

ProsLEM LVIL. 7o observe the sun's altitude
by the terrestrial globe, when he shines lright, or
when he can but just le discerned through a cloud,

308. Consider the shade of extuberancy, which js
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that caused by the sphericity of the globe, here-
tofore called the edge of the earth’s enlightened
disc, and there represented by the broad paper
circle, but here realized by the natural light of the
sun itself.

Elevate the north pole of the globe to 664 degrecs,
bring that meridian or hour circle, which passes
through the IXth hour upon the equator, under the
graduated side of the strong brass meridian, the globe
being now set .upon the horizontal plane; turn it
about thereon, frame and all, that the shadow of the
strong brass meridian may- fall ‘directly under itsell,
or in other words, that the shade of its graduated face
may fall exactly upon the aforesaid hour circle; at
that instant the shade of extuberancy will- touch
the true degree of 'the sun’s altitude upon that
meridian, which passes through the IXth hour
upon the equator, reckoned from the polar circle,
the most elevated part of which will then be in the
zenith of the place where this eperation - is per-
formed, and is the same whether it should happen
to be ecither in north or south latitude.

Thus' we may, in an easy and natural manner,
ebtain the altitude of the sun, at any time of the
day, by the terrestrial globe; for it is very plain,
when the sun rises, he brushes the zenith and
nadir of the globe'by: his rays; and as he always
illuminates half of it, (or a few minutes more, as
his globe is considerably larger than that of the
earth,). therefore when the sun is risen a degree
bigher, he must necessarily illaminate a degree
beyond the zenith, and so on proportionably from
time to time.
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But as the illuminated part is somewhat more
than hbalf, deduct 13 minutes from the shade of
extuberancy, and you have the sun’s altitude with
tolerable exactness.

If you have any doubt how far the shade of ex-
tuberancy exactly reaches, hold a pin, or your fin,
ger, on the globe, between the sun and point in
dispute, and where the shade of either is lost, will
be the point sought.

WHEN THE SUN DOES NOT SHINE BRIGHT ENOUGH
TO CAST A SHADOW,.

309. Turn the meridian of the globe toward the
sun, as before, or direct it so that it may lie in
the same plane with it, which may be dene if yon
have but the least glimpse of the sun through a
clond ; hold a string in both hands, it having first
been put between the strong brass meridian and
the globe : stretch it at right angles to the me-
ridian, - and apply your face near fo the globe,
moving your eye lower and lower, till you can but
just see the sun: then bring the string held as
before to this point upon the globe, that it may
just obscure the sun from your sight, and-the de-
gree on the aforesaid hour circle, which the string
then lies upon, will be the sun’s altitude required,
for his rays would shew the same point if he shone
out bright.

Note. The moon’s altitude may be cbserved by
either of these methods, and the altitude of any star
by the last of them.
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Proerese LVIIL. To place the terrestrial globe
fn the sun's rays, that it may represent the natural
position of the earth, either by a meridian line, or
without it.

310. If you have a meridian line, set the north
and south points of the broad paper circle directly
over it, the north pole of the globe being elevated
to the latitude of the place, and standing upon a

level plane, bring the place you are in under the
graduated side of the strong brass-meridian, then

the poles and parallel circles upon' the globe will,
without sensible error, correspond with those in
the heavens, and each point, kingdom, and state,
will be turned towards the real ome which it re-
presents.

If you have no meridian line, then the day of
the month being known, find the sun’s declination
as before instructed, which will direct you to the
parallel of the day, amongst the polar parallels,
reckoned from either pole towards the polar circle;
which you are to remember.

Set the globe upon your horizontal plane in the
sun-shine, and put it nearly north and south by
the mariner's compass, it being first elevated to
the latitude of the place, and the place itself
brought under the graduated side of the strong
brass meridian: then move the frame and globe
together, till the shade of extuberancy, or term
of illamination, just touches the polar parallel for
the day, and the globe will be settled as before;
and if accurately performed, the variation cf the
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fhagnetical needle will be shiewn by the degtee ta
which it points in the compass box.

And here observe, if the parallel for the day
should not happen to fall on any one of those
drawn upon the globe, you are to estimate a pro-
portionable part between them, and reckon that,
the parallel of the day. If we had drawn miore;
the globe would have been confiised.

The reason of this operation is; that as the sug
illuminates half the globe, the shade of extube-
rancy will constantly be 9o degrees from the point
wherein the sun is vertical,

If the sun be in the equator, the shade and il-
lumination must terminate in the poles of the
world ; and when he is in any other diurnal pa-
rallel, the terms of illumination must fall short of,
or go beyond either pole, as many degrees as the
parallel which the sun describes that day, is distané
from the equator ; therefore when the shade of éx-
tuberancy touches the polar parallel for the day,
the artificial globe will be in the same position,
with respect to the sun,. as the earth really is; and
will be illuminated in the same manner.

Prozrem LIX. 7o find na!um‘f{y the sun's de-

clination, diurnal parallel, and his place thereon.

311. Theglobe being set upon an horizontal
plane, and adjusted by a meridian line or otherwise,
observe upon which or between which polar parallel
the term of illumination falls ; its distance from
the pole is the degree of the sun’s declination :
¥eckon this distance from the equator among the

o
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larger parallels, and you haye the parallel which
the sun describes that day ; upon which if you
move a card, cut in the form of a double square,
antil its shadow falls under itself, you will obtain
the very place upon that parallel over which the
sun is vertical at any hour of that -day, if you set
the place you are in under the graduated side of
the strong brass meridian.

Note. The moon's declination, dinrnal parallel
and place, may be found in the same mapner.
Likewise when the sun does not shine bright, his
declination, &c. may be found by an application in
the manner of Problem 57.

Prosrem LX. To find the sun's azimuth na-
turally.

3192, If a great circle at right angles to the ho-
rizon passes through the zenith and nadir; and
also through the sun’s center, its distance from
the meridian in the morning or evening of any
day, reckoned upon the degrees on the inner edge
of the broad paper circle, will give the azimuth

required.
Mernon L

313, FElevate either pole to the pesition of a
arallel sphere, by bringing Ithe north pole in
north. latitude, and the south pole /in south lati-
tude, into the zenith of the broad paper circle,
having first pl_accd the globe upon your mieridian
line, or by the other method- before prescribed ;
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hold up a plumb line so that it may. pass freely
near the outward edge of the broad paper_circle,
and move it so that the shadow of the string may
fall upon the elevated pole ; then cast your eye
immediately to its shadow on the broad Paper cir-
cle, and the degree it there falls upon is the
SuN’s. azimuth at that time, which may be rec-

koned from either the south or gorth points of
the horizon,

Merron 11,

314. If you have only a gfimpse, or faint sight
of the sun, the globe being adjusted as before,
stand on the shady side; and hold the plumb line
on that side also, and move it till it cuts the sun’s
center, and the elevated pole at the same time,
then cast your eye towards the broad paper circle,
and the degree it there cuts is the sun's azimuth,
which must. be reckoned from the opposite cardinal
point.

Prorrem LXIL 70 shew that in some places of
the earth’s surface, the sun will be twice on the same
azimuih in the morning, twice on the same azimuth
i the aflernoon ; or, in other words,

315. When the declination of the sun exceeds
the latitude of any place, on either side of the
eguator, the sun will be on the same azimuth twice
in the morning, and twice in the afternioon. .

Thus, sappose the globe rectified to the latitude
of Antigua, which is in about 17 deg. of nortl

o 2
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latitude, and the sun to be in the beginning of
Cancer, or to have the greatest north declination 3
set the quadrant of altitude to the 21st degree north
of the east in the horizon, and turn the globe upon
its axis, the sun’s center will be on that azimuth
at 6h. 30min. and also at 10h. 30 min. in the
morning. At 8h. 30 min. the sun will be as it
were stationary with respect to its azimuth for some
time ; as will appear by placing the quadrant of al-
titude to the 17th degree north of the east in the
horizon. If the quadrant be set to the same
degrees north of the west, the sun’s center will

cross it twice as it approaches the horizon in the
afternoon.

This appearance will happen more or less to all
places situated in the torrid zone, whenever the
sun’s declination exceeds their latitude; and from
hence we may infer, that the shadow of a dial,
whose gnomon is erected perpendicular to an ho-
rizontal plane, must necessarily go back several de-
grees on the same day.

But as this can only happen within the torrid
zone, and as Jerusalem lies about 8 degrees to the

north of the tropic of Cancer, the retrocession of

the shadow on the dial of Ahaz at Jerusalem
was, in the strictest signification of the word, mie

saculous.

Prosem LXIL 7o observe the hour of the day
in the most natural manner, when the terrestrial globe
is properly placed in the sun-shine,

316. There are many ways to perform  this

-
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operation with respect to the hour, three of which
are here inserted, being general to all the inhabi-
tants of the earth; a fourth is added -peculiar to
those of London, which will answer, without sen-
sible error, at any place not exceeding the distance
of 60 miles from this capital.

1sT, BY A NATURAL STILE,

317. Having rectified the globe as before di-
rected, and placed it upon an horizontal plane over
your meridian line, or by the other method, hold a
long pin upon the illuminated pole in the direction
of the polar axis, and its shadow will shew the hour
of the day amongst the polar parallels.

The axis of the globe being the common section
of the hour circles, is in the plane of each; and

as we suppose the globe to be properly adjusted,
they will correspond with those in the heavens;

therefore the shade of a pin, which is the axis con-

tinued, must fall upon the true hour circle,
2DLY, BY AN ARTIFICIAL STILE,

318. Tie a small string with a noose round the
elevated pole, stretch its other end beyond the globe,
and move it so that the shadow of the string may
fall upon the depressed axis; at that instant its
shadow upon the equator will give the solar hour to
a minute. ‘

But remember, that either the autumnal o
vernal equinoctial colure must first be placed up.
der the graduated side of the strong brass meridian

3
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before you observe the hour, each of these being
marked upon the equator with the hour XIIL.

The string in this last case being moved into the
plane of the sun, corresponds with the true hout
eircle, and consequently gives the true hour.

3DLY, WITHOUT ANY STILE AT ALL.

319. Every thing being rectified as before, look
where the shade of extuberancy culs the equator,
the colure being under the graduated side of the
strong brass meridian, and you obtain the hour in
two places upon the equator, one of them going
before, and the other following the sun.

Note. . If this shade be dubious, apply a pin or
your finger as before directed.

The reason is, that the shade of extuberancy
being a great circle, cuts the equator in h: alf, and
the sun, i whatsoever prmlld of declination he
may happen to be, is always in the po le- of the
Ehad(,, consequently the co nfines of -light and shade
will shew the true hour of the day.

ATHLY, PECULIAR TO THE INHABITANTS OF LON-
DON, AND ITS ENVIRONS, WITHIN THE DISTANCE
OF §SIXTY MILES.

320. Thf_‘ Elﬁh(’ ht‘iﬂo‘ every way qrhn"tcd as
before, and London i‘lnu\ bt wnder the gmcil ated
side of the strong brass meridian, hold up a plumb
line, so that its shadow ma y fall upon the zemnith
point, (which in this case is *London itself,) and
the shadow of the string will cut the parallel of the
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day upon that point to which the sun is then ver-
tical, and that hour circle upon which this inter-
section falls, is the hour of the day; and as the
meridians are drawn within the tropics at 20 mi-
nutes distance from each other, the point cut by
the intersection of the string upon the parallel of
the day, being so near the equator, may, by a glance
of the observer's eye, be referred thercto, and the
true time obtained to a minute.

The plumb line thus moved is the azimuth,
which, by cutting the parallel of the day, gives the
sun’s place, and consequently the hour circle which
1ntersects 1t.

From this last operation results a corollary, that
gives a second way of rectifying the globe to the
sun’s rays.

If the azimuth and shade of the illaminated axis
agree in the hour when the globe is rectified, then
making them thus to agree must rectify the globe.

CoRroLLARY.

ANOTHER METHOD TO RECTIFY THE GLOZE TO THE
SUN'S RAYS.

821. Move the globe till the shadow of the
plumb line, which passes through the zenith, cuts
the same hour on the parallel of the day, that the
shade of the pin held in the direction of the axis
falls upon, amongst the polar parallels, and the
globe is rectified, :

The reason 1s, that the shadow of the axis re.
presents an hour circle; and by its agreement i
the same hour, which the shadow of the azinuth
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string points out, by its intersection on the parallel
of the day, it shews the sun to be in the plane of
the said parallel ; which can never happen in the
morning on the eastern side of the globe, nor in
the evening on the western side of it, but when the
globe is rectified.

This rectjfication of the globe, is only placing it
in such a manner that the principal great circles,
and points, may concur and fall in with those of
the heavens.

The many advantages arising from these capital
problems relating to the placing of the globe in the
sun’s rays, an intelligent reader will easily discern,
and readily extend to his own as well as to the be-
nefit of his pupil,

Prosrem LXIIL. 7o find when the planet Fenus
is @ morning or an evening star.

322. Rectify the celestial globe to the latitude
and sun's place, Art, 189, 100, find the place of
Venus by an ephemeris, and set the artificial moon
to that place in the zodiac, which will represent
the planet ; bring the artificial sun to the eastern
edge of the horizon ; if Venus is then elevated,
she will rise before the sun, and be a morting star ;
but if she is depressed below the horizon, she must
then consequently follow the sun, and become an
evening star,

ProsLey LXIV. To find at what time of the

night any planet may be viewed with q reflecting te-
lescope.

323, Rectify the celestial globe to the latitude
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end sun’s place, Art. 18, 190, seck the planet’s
place and latitude in an ephemeris ; to which place
in the zodiac set the artificial moon to represent
the planet, and it will shew its place in the heavens:
bring the planet’s representative to the eastern side
of the horizon, and the horary index will shew the
time of its rising; f the artificial sun is then
elevated, the planet will not be visible at that time
by means of his superior light ; therefore turn the
globe from east to west until the artificial sun ig
depressed below the circle of twilight, Art. 03, and
216, where stop the globe, and screw the nut of
the quadrant of altitude in the zenith, Art. 192,
lay its graduated edge on the center of the planet,
and it will shew in the horizon the azimuth op
point of the compass, on which the planet may
then be viewed in the heavens; the Liorary index
will at the same time point out the hour of the
night. When the planet comes to the strong brass
. meridian, the index will shew the time of its pas-
sage over that celestial circle; and at the western
edge of the horizon, the time of its setting will
likewise be obtained,

Proprem LXV. 7o find what azimuth the
moon is upon at any place when it is flood or high
waters and thence the high tide for any day of the
moon's age at the same place, :

324. Having observed the hour and minute of
high water about the time of new or full moon,
rectify the globe to the latitude and sun's place,
Art. 189, 100, find the moon’s place and latitude
in an ephemeris, to which set the artificial moon,
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and screw the quadrant of altitude in the zenith ;
turn the globe till the horary index points to the
time of flood, and lay the quadrant over the center
of the artificial moon, and it will cut the horizon
in the point of the compass upon which the moon
was, and the degrees on the horizon contained be-
tween the strong brass meridian and the quadrant,
will be the moon’s azimuth from the south.

TO FIND THE TIME OF HIGH WATER AT THE BAME
PLACE.

325. Rectify the globe to the latitnde and zenith,
find the moon’s place by an ephemeris for the given
day of her age, or day of the month; and set the
artificial moon to that place in the zodiac; put the
guadrant of altitude to the azimuth before found,
and turn the globe till the center of the artificial
moon is under ifs graduated edge, and the horary
index will point to the time of the day on which it
will be high water.



THE USE

OF THR

GLOBES

IN THE BOLUTIUN OF

RIGHT ANGLED SPHERICAL TRIANGLES,
i

326. A spherical triangle is formed upon the
surface of a globe by the intersection of the three
great circles,

327. A spherical angle is the: intersection of two
great circles that incline to one another ; the quan-
iity of any spherical angle is measared by a third
great circle, intercepted between the legs of the
angle, at 90O degrees distance from the: intersecting
pomt.

328. A right angled spherical triangle hath one '
right angle, the sides about which are called legs,
and the side opposite to it the hypothenuse.

329. An oblique angled spherical triangle has its '
angles greater or less than QO degrees: ‘the solution
of spherical triangles consists in finding the measure
of its sides and angles.

330. The sides of any spherical triangle may be
changed into angles, and the angles into sides; if
for ahy one side, and its opposite angle, their com-
plement to a semicircle be taken.
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Case I.

Prorem LXVI. The hypothenuse and ome leg
being given, to find the rest. '

In the right angled spherical triangle ABC,
fig. 29, are given

+] i/

the leg BA
The hypothenuse BC 64 407 . .
The leg AC 42 120" find {thc angles ACH

CBA

331. Fig. 30. Elevate the pole P to 42°12, the
quantity of the given leg AC, and number the
same quantity on the strong brass meridian from
A, the equator, to Z, the zenith; there fix the
quadrant of altitude. Bring that meridian which
passes through London under the brass meridian,
and count 64° 40°, the measure of the hypothenuse,
on the quadrant downwards from Z to G, and move
it till the point G intersects the equator, and the
triangle Z G A& will be formed.

The side /EZ represents the given side AC,
the hypothenuse BC is represented by the arch
Z G, the required side A B is represented by G A&
an arch of the equator, its measure 54° 43’, be-
tween /E and G, is the quantity sought ; the angle
AC B, is represented by the angle GZ /E, and its
measure is found on the arch AQ of the horizon
equal to 64° 35

332. To find the other angle A BC, having ob-
tained the measure of the side B A, 54° 43,
elevate the pole P agreeable thereto, and reckon
the same from A& to Z; there fix the quadran of
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altitude ; number the other leg A C, 42° 12° from
A to' G on the equator, (the meridian passing
through London remaining as before,) and to that
point bring the quadrant of altitude ; then the arch
A O, on the horizon, will contain 48° 00°, the
measure of the angle /2Z G, equal to ABC, the
angle sought. .

Case IL

Proprem LXVII. The hypothenuse and an angle
being given, to find the rest,

In the right angled triangle A BC, fig. 2g,
are given '

o L3
The hypothenuse BC ~ 64 40 the angle ABC
; I . ¢to find "'AB
The angle ACB 64 35 the legs AC

333. Fig. 33. Place P p the poles of the giobe
in the horizon HO, and fix the quadrant of alti-
tude to Z the zenith ; number 64° 35’, the measare
of the given angle, upon the horizon from A&
to F; move the quadrant to the point F, and
thereon count 64° 40, the quantity of the hypo-
thenuse from Z downwards to G, to which point
bring that graduated meridian which passes through
Libra ==, and the triangle GZ == will be formed.

Z G an arch of the quadrant of altitude repre-
sents the hypothenuse s Z = an arch of the equator
represents the required side A C equal to 42° 12/,
and G == an arch of the meridian; P2 p equal to
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54° 43, is the medsure of the other required
side A B.

Now having found the side A B, adjacent to the
required angle ABC, its measure may be found

by Art. 332.

Case 11,

Prosrem LXVIIL. A leg and its adjacent angle
being given, to find the rest.

In the right angled triangle A BC, fig. 29,
are given

o s,

the leg AC

%‘ﬁ: l;;g o i‘gc 231' 33} to find {ﬂngle ACB
3 hyp. BC

334. Fig. 30. Elevate the pole P, to 54° 43°,
the quantity of the given leg BA; count the
same from A& to Z, and fix the quadrant at Z;
bring that meridian which passes through London
under the strong brass meridian, and reckon the
given angle 48° 00/, from O to A, on the ho-
rizon; bring the quadrant to A, and the triangle
7. G A will be formed.

We have the measure of the required side C A
upon JE. G an arch of the equator, equal to 42° 12,
and the hypothenuse BC, upon GZ, an arch of
the guadrant, equal to 61° 40, the angle ACB
sy be found by Art. 832,
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Case IV.

Prorvgm LXIX.  Both legs given, to jfind

the rest,

In the right angled triangle A BC, ﬁg 20, are

C"IVSR

o 4 .
AB 54 43 the byp. CB
The legs 2 to.find < , ACB
= AC. 42 12 the angles {;XBC

335. Fig. 80. Elevate the globe to the quantity
of either given leg as AC, 42° 12/, number the
same from E to Z, and fix the gquadrant at Z,
set the meridian which passes' through London
under the strong brass meridian, and count the
other given leg A B, 54° 43, upon the eguator
from A to G, bring the quadrant to G, and the
triangle Z G AL will be formed,

The arch Z G on the quadrant of altitude 64° 40’ -
is equal to B C the hypothenuse, the arch O A,
64° 35" on the horizon, is the measure of the angle
GZ A&, equal to the required angle A BC. The
other angle may be found by Art. 332.

Case V.

Proerem LXX, Botk an gles given, to jfind
the three sides.

In the right angled triangle ABC fig. 29.
are given

Q ’

"ACB 64 :s.a‘z {thr‘ hyp. bC
to find

The ancles 4 Anc y fAC
i I._\Bb 48 U()j 1b(,

the sides
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836. In this fifth case, we must have recourse
to Art. 330. and then we shall have an oblique
angled spherical triangle abe, fig. 31, whose side
ab is equal to the angle ACB of the given tri
angle; the side be, equal to the angle ABC;
and the side ac, equal to the complement of the
right angle to 180 degrees, which must therefore
necessarily be-g0 degrees.

337. Fig. 30. Number 48° 00’ the side bec of
this second triangle, from P, the pole of the globe
to Z, and there fix the quadrant of altitude ; then
bring the point Z into the zenith, Art. 192, and
count g0” 00" the quantity of the side a c, from P
the pole to G, upon that meridian which passes
through == ; number the side a b, 64° 35’ upon
the quadrant of altitude downwards from Z to G,
then move the globe and the quadrant, until these
quantities meet in one point at G, and the triangle
PZG will be formed.

The arch A G, on the equator, will give the
measure of the angle /B P G 54° 43, equal to the
required side AB; and the arch A O, in the ho-
rizon, that of the angle GZ A 64° 40', which is
the complement of the angle PZG to 180 de-
grees, and is equal to the hypothenuse BC: thus
having obtained the meéasures of two of the re-
quired sides, we have sufficient data to find the
third side A C, either by the first or second of the
preceding cases, Art. 331, 383,

pe e M B e
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THE USE OF THE GLORES IN THE SOLUTION OF
OBLIGUE ANGLED SPHERICAL TRIANGLES:

Case 1.

Proguem LXXI. Two sides and an angle op=
posite to one of them being given, to find the rest.

In the oblique angled spherical triangle BCD,
fig. 32, are given

Q r

The sides ‘BC L the side BD
I CD 56 40g¢tofindd . §BCD
Theangle CBD 48 51 e e R

338. Fig. 30. Count the side BC 83° 13, on
the strong brass meridian from P to Z; fix the
quadrant of altitude at 7, and bring that point
into the zenith; and from Z downwards to Gy
number 56° 40" ; where make a mark for the ex-
tent of the other side C D, and reckon its opposite
angle DBC, 48° 31/, on the equator from the
point == at G eastward, towards A, where stop
the globe, and bring the mark upon the quadrant
to coincide at G with the meridian PG, which
passes through ==, then the arch PG will cantain
114° 30", the measure of the required side BD ;
and the arch H A in the horizon 125° 2, will be
the measure of the angle BC D ; the other angle
P GZ, equal to the required angle B D C, may be
found by Art. 832, in changing the sides upon the
globe. Or,

33g. If you make & mark on the globe direct]y
under the point Z, and bring the point G to.the

P
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zenith, over which the quadrant of altitude is to
be fixed, and lay its graduated edge upon the point
just marked ; it will shew in the horizon, between
the strong brass meridian and quadrant, 62° 51,
the measure of the required angle P G Z, equal to
the angle BD C.

Case 1L

Proerem LXXII. Two angles and a side op-
posite to one of them being given, to Jind the rest.

In the oblique angled triangle BCD, fig. 32,
are given

(=] L4

' BCD 125 20 . CD
The angles {BDC 62 51} £ fad {the sides {BD
The side BC 83 13 the angle DBC

840. Fig. 30. Reckon the angle BDC, 62° 57/,
which is opposite to the given side upon the
equator from == eastwards, and bring that point to
A ; count the given side BC, 83° 13’ upon the
quadrant of altitude from Z downwards to G,
where make a mark, and number the other given
angle BCD 125° 30, in the horizon from H to
A ; set the lower end of the quadrant to the point .
A, and hold it there while you slide the pole of
the globe highe_r or lower, until the mark on the
quadrant at G, intersects that meridian which passes
through ==, and at the same time, that the nut
at the upper end of it may be exactly in the ze-
nith, where fix it, and the triangle PZ G will be
formed.
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The arch PZ, of the strong brass meridian,
contains 56° 40, the Quantity of the required side
CD, and thearch PG 114° 30, is equal to the
other required side BD, the angle DB C may be
found by Art. 332, or 33q.

Case III.

Prorem LXXIII. Two sides and their con-
tained angle given, to find the rest.

In the oblique angled triangle B C D, fig. 32,

are given

- : BC 83 13 (the side  BD
The sides {DC 56 40} to find {the ancles §DBC
The angle BCD 125 30 &< 1BDC

841. Fig. 30. Count the side €D 56° 40’ from
PtoZ on the strong brass: meridian; bring the
point Z into the zenith, and to it fix the quadrant
of altitude, and number from Z downwards to G,
the quantity of the side BC 83° 13°, and there
make a mark ; then count the given angle BC D,
125° 30, on the horizon from H to A, and to A
bring the quadrant ; lastly, bring the meridian
which passes through == to the point G marked
on the quadrant, and the arch P G, 114° 30" will
be the measure of the required side B D, and
the equatorial arch AL G, 63° 51° is the measure
of the angle BDC, equal to the angle GPZ:
the other angle m:y be found as before shewn,
Art. 332, 330. v

P2
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Case IV.

Prosrem LXXIV. Two angles and the in-
cluded side given, to find the rest.

In the oblique angled triangle BCD, fig. 32,
are given

The side CD 56 4 ‘} the angles DBC
. BCD 125 30 ¢ to find L BC
The angles o Ga 51 the sides {ED

342. Fig. 30. Number the side CD, 50° 40,
from P to Z, and bring Z into the zenith, and fix
the quadrant there also; count the angle BDC,
62° 51’ on the equator, from == to A ; number the
angle BC D, 125° 30 upon the horizon from H
to A, and bring the quadrant to A; then PG,
114° 30", will be equal to BD the required side,
G 7 83° 13’ equal to the other required side BC,
and the angle PGZ equal to the angle DBC,
miay be found by Art. 332, 339.

Case V.

ProsLem LXXV. Three sides gwen, to jfind
the ang.’es.

In the oblique angled triangle BCD, fig. 32
are given

L] ’

BC 83 13 BCD
e sides {CD 56 403 tofind the angles 4 CDB
gD 14 3§90

DBC
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343. Fig. 30. Number the side C D 56° 40,
on the strong brass meridian from P to Z, bring
Z imto the zenith, and to it fix the quadrant of
altitude ; count the side BD, 114° 3¢ on the
meridian, which passes through == from P to G,
and the side C B 83° 13" upon the quadrant from
Z downwards to G, tnen move the globe and qua-
drant, until the two last points coincide. The
arch HA 125° 20° on the horizon will be the
measure of the angle PZ G, equal to the required
angle BCD, the arch /ES of the equator 82° 15,
is the measure of the angle G PZ, equal to the
angle BD C. Thus having found two of the re-
quired angles, the third may be found by Art. 332,
330.

Case VI.

Prozrem LXXVI. The angles given, to find

the sides.

In the oblique angled triangle B C D, fig. 32,
are given

¢

: o
7 BCD 125 20 BC
The angles CDB 62 51 pto find the gides CD
DEBC 48 sk DB

344. This case may be resolved as the fifth
case of right angled spherical triangles, Art. 336,
by converting the angles into sides, then finding
the angles as in the last problem, where the angles
in the converted triangle will be the sides required
in this, :

Having shewn how to solve all the cases in right
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and oblique angled spherical triangles, we proceed
to shew the extensive use of the globes in the so-
lution of a few of the principal astronomical pro-
blems, according to Dr. Flamsted’s doctrine of the
sphere; and as we do not know these have ever yet
been applied to the globes, hope the reader will
think them both entertaining and useful,

THE USE OF THE GLOBES IN THE SOLUTION OF
SFHERICAL PROBLEMS.

Proerem LXXVIL.  Given, the sun's place in
the ecliptic in § 12°15". The inclination of the
planes of the equator and ecliptic, 23° 2g'.

o find the sun’s right ascension from the first
point of Aries, the sun's distance from the north
pole of the world, and the angle, which the meridian,

Ppassing through the sun at that place, makes with
the ecliptic.

845. Fig. 34, The circular space marked &5, =,
V¥s Y, represents the ecliptic, e its pole, P the
north pole of the world, elevated 66 degrees above
the first point of g5. The eye is supposed to be
placed directly over the point e, when the reader
compares this figure with the globe.

Make a mark ‘'@, at 12° 15" in Taurus, to re.
present the sun’s place in the ecliptic, and turn the
globe till that meridian which passes through =
intersects the point @ 3 it will then represent the
sun’s meridian at that time,

The globe being thus rectified, we have between
the sun's proper meridian P @, and the solstitial
colure g5 P V§, here represented by the strong brass






Plate 13 . : frontingp. 24

J

24 rrnr'zqy',-&{ Foeadp




Celestial and Terrestrial Globes. 215

meridian, with the arch @ o5, a spherical triangle
© % P, right angled at g5, in which we have the
following data. See fig. 34.

5 @ 47° 45, the complement of Y @, which is
the sun’s distance from the first point of Aries.

o P 66° 31, the complement of Pe, 23°2¢,
the distance of the poles of the equator and ecliptic.

To find the angle o5 P ®, the complement of
® P, the sun’s right ascension from the first
point of Aries, Art. 202.

The side P @, the sun’s distance from the north
pole of the world. And

The angle o5 ® P, which is the angle that the
meridian passing by the sun makes with the ecliptic.

We obtain the measure of the first, by numbering
the degrees upon the equator, between the strong
brass meridian, and that which passes through =,
which are equal to 50° 12/, its complement ; 39" 48
is the sun’s right ascension, which is that angle at the
pole formed by the proper meridian © P with the
meridian Y P.

Note. This arch of the equator could not be re-
presented in fig. 34, it being under the broad paper
circle ; but the reader will see it plainly when the
globe is thus rectified.

The quantity of the second postulatum, which is
the sun’s distance from the nearest pole, is found by
inspection, 74° 27’ upon the arch P @ of that me-
ridian passing through =, its complement P i, equal
to 15° 33, is the distance of the north pole from
the edge of the illuminated disc, represented upon
the globe, as in fig. 34, by the semicircle feg,
the black line fe being the quadrant of altitude,
and the other dotted half e g beimg supposed; or,
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if .the reader pleases, he may represent it with a
string. This complement P i is, by Dr Flamsted,
called the reflection, and is ever equal to the sun’s
declination,

Lastly, the measure of the angle 55 @ P, 1s ob-
tained by screwing the gquadrant to e the pole and
zenith point of the ecliptic, and counting g0 degrees
from @ to f; thither bring its lower end, then will
the arch @ i be a quadrant also; and the quantity
72° 10/, counted from f to i, upon the quadrant of
altitnde, _is the measure of the required angle
o5 @ P, formed by the meridian i P ® with the
ecliptic © %5 =,

Proprem LXXVIIL. Given, the sun's place in
the ecliptic, ¥ 12° 15°, the reflection or declination
15° 33, and latitude of the place, suppose London,
51° 32,

To find the time of the sun’s rising and setiing ;
the: length of the day and night ; the amplitude of
the rising-sun from the east, and of the setting-sun

\ Jrom: the west ;5 antd that of the path of our vertew in
the edge of the illuminated disc.

3406. Fig. 35. Elevate P, the pole of the globe,
to 15° 38", the sun’s declination, above the plane of
Bd Gi, the cirele of illamination: count the same
quantity from ZE the equator to @, at which point
fix the quadrant of altitude ; this point will represent
the sun’s place; make a mark upon the globe on
that meridian which passes through == at 51° 32’
the given latitude ; this will express a point in the
path of the vertex of London: bring this point to
the edge of the discat B, and set the lower end of
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the quadrant thereto: B is that point in the disc
from which the sun is seen to rise, or where the
vertex of London in its diurnal motion from west
to east, passes out of the obscure into the en-
lightened part of the disc; iPd. is the sun’s proper
meridian, which is represented in this by the strong
brass meridian. O is the place at which the vertex
of London arrives at noou, being 51° 3% from A%
the equator at O, and G the place in the disc, from
which the sun is seen to set, or where the vertex
passes out of the illuminated into the obscure part
of the disc. B O G is the diurnal, and G—B, on
the other side of the disc, (not here represented, but
to be seen upon the globe) is the nocturnal part of
the path of London.

If you bring the mark on that meridian which
passes through = to the point G, and the quadrant
of altitude to the same point, it will be plain that
we shall have two triangles formed on each side of
i P @, the sun’s proper meridian, viz. @ PB, BiP,
on the oriental or ascending side, and @ PG, iPG@G,
on the occidental or descending side.

In either of these four triangles there are sufficient
data to find what is required in this problem. Ip
the triangles @ PB, @ PG, are given, © P in
both, the sun’s distance from the pole, P B, equal
to PG, the distance of the vertex from the pole,
which is always equal to the complement ef the
latitude, with the sides ® B, @ G, each equal to
00 degrees.

To find theangle PB @, or PG @, the sun's
amplitade from the north, when rising or setting ;
and the angle ® PB, or @ PG, the time before.
noon. Bat as the two last mentioned angles are
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obtuse, we chuse to resolve this problem by one of
the two lesser triangles PBI, P G I, each of them
being right angled at i, in which are given, P1i,
the reflection, 15° 33°, equal to the declination,
BP, equal to PG, 38° 28, the distance of the
pole from the vertex.

To find the angle PBi, or PG i, the comple-
ment of @ Bi, or ® Gi, the sun’s amplitude at
rising or setling from the east or west, and the
angle 1P B, equal to the angle iP G, which are

formed between the sun’s proper meridian, and
that which passes through the vertex at sun-rising

or setting: this changed into time, expresses the
time from midnight, of sun-rising and setting. The
side Bi 1s called the amplitude of the path of Lon-
don in the edge of the disc, and these are obtained
from the globe as follows :

The measure of the angle BPi is obtained by
inspection, reckoning from == upon the equator to
the strong brass meridian, which is g6° 31": if re-
duced to time, it is 4 h. 38 min. in the morning,
at which time the sun rises at London, when he is
in 8 12° 15, and consequently sets at 7 h. 22min.
afternoon. See Art. 249.

The quantity 35° 38" of the required side Bi,
is obtained by inspection between B and i, upon the
edge of the disc.

The measure of the angle PBi may be attained
as follows: every thing else remaining as before,
bring the graduated edge of the moveable meridian
to the first point of Y on the ecliptic; then count
the complement 54° 22" of the.side B i, from i to x,
where make a mark ; aod count the complement of
BP, 51°32 from P toy, upen the moveable me-
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vidian, where make another mark ; remove the
guadrant of altitude, and apply it between these two
marks, and the quantity 25° 31” is the measure of
the angle PBi, Art. 327. Thisis the sun’s ampli-
tude from the east, or N, E, 3° 1° easterly.

Proprem LXXIX.  Given, the latitude of the
place 51° 32, or rather ils complement 38° 28,
which is the distance of the path of the vertex from
the pole, ayd the sun’s distance from the pole, 74° 27",
which is the complement of his declination 15° 33'.

To find the sun’s distance from the veriex at the
hour of six, and his amplitude at that time. :

347. Fig. 85. Elevate P, the pole of the globe,
to 15° 53', the declination ; bring the moveable me-
ridian to that which passes through London; slide
the artificial horizon to 51° 32/, the latitude of the
place, and turn the globe till the sixth hour npon
the equator comes under the graduated side of the
strong brass meridian 3 then the moveable meridian,
together with that which passes through ==, will
represent the six o'clock hour-circle FKPAg;
fix the quadrant of altitude to 15° 33", at the point
©, counted from /E the equator; turn the qua-
drant to the point K, which represents the center of
the artificial horizon, and the proper triangles will
be formed.

In the right angled spherical triangles AP,
K P @, right angled at P, are given P K, equal to
P A, 38° 28, the distance of the vertex from the
pole, @ P, the path's distance from the pole
74° 97, To find @ K, or ® A, the sun’s dist.
ance from the vertex at the hour of six, and either
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of theangles, ® AP, or @ K P, the sun's azimuth
from the north at the same time.

It is plain that P @, being the sun’s proper me-
ridian, FPg at right angles to it, must be the
hour-circle of six in the morning and evening,
and that the sun rises, when the vertex B comes in
the western edge of the sun’s enlightened disc.
Therefore it must be at K, at six o’clock in the
morning ; at noon the vertex will be at O, upon
OP, the sun’s proper meridian; and at six in the
evening it will be at A, vpen the six o'clock hour-
circle again; and when the vertex arrives at G,
upon the eastern edge of the disc, the sun will be
seen to set westward of the vertex.

The required side @ K, which is the sun’s di-
stance from the vertex, is found by counting the
guantity 77° 53" upon the quadrant, from @ to K;
and the angle @ K P, 80° 11’; the sun’s azimuth
from the north may be measured by producing the
side K ©®. to g0 degrees from K to m, (Art. 327. )
the side K P bﬂug already produced on the other
side of the strong brass m u.dmn, KP is known to
be 38°28"; therefore count its complement 51° 32/,
from P to n, upon that meridian which passes
through ==, and there make a mark ; now remove
the quadrant of altitude to cut the opposite point
of the horizon to that at which it stood he -fore,
and count thereon from @ downwards 12° 07” to
m, where make another mark ; then an arch of a
great circle dp[llt’(l to these two marks will give
80° 11°, the sun’s azimuth from the north.

Note. A flexible semicircle of position, if ap-
plied with the quadrant of altitude, will be fouyd
useful in this and many other cases.
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Proseem LXXX. 7o find the sun's distance
from the verlex when due east or west, and the hour,
or time from noom, when he shall be in either of
these points.

348. Fig. 25. The north pole of the globe being
elevated to the sun's declination, as in the. last
problem, avd the quadrant fixed at @ as before,
tie moveable meridian placed on that of London,
and the center of the artificial horizon set to the
same point; turn the globe so that the graduated
edge of the quadrant may lie upon the east and
west points of the artificial horizon, and. the tri-
angle @ KP will be formed; in which is given
® P, the sun’s distance from the pole 74°2%":
P K the distance of the path from the pole 38° 21/
® K, the sun’s distance from the vertex, when due
east and west, may be found by inspection. count-
ing from @ te K upon the quadrant, 70° 0": the
measure of the angle @ PK is also obtained upon
the equator, counting from that point where it is
crossed by the guadrant of altitude, to its inter-
section with the graduated side of the strong brass
meridian, 77° 588’ in time 5h. @ min. from noon,
which is 51 min. past six in the morning; orat
0 min, past five in the afternoon, when the sun is
due east or west.

The sun’s distance 70° o' from the vertex as
found above, when due east or west subtracted {rom
QO degrees, leaves 20 degrees, which is its altitude
above the horizon at either of these times, for
®v, @w are quadrants, from which if we take
@K in the first, or ® A in the second, it is
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Kv, in one, and Aw in the other, equal to the
sun’s height.

Proprev LXXXI. Given the hour from noon,
viz. 8 in the morning, which is 4 hours from noon,
exnd the sun's distance from the pole, 74° 27".

o find his distance from the vertex.,

349. Fig. 35. Elevate P the pole of the globe to
the sun’s declination, 15° 33’, set the moveable me-
- ridian to the vertex of London, and slide the center
of the artificial horizon to that point at K, and turn
the globe, until the eighth hoar-circle marked upon
the equator comes under the graduated side of the
strong brass meridian ; the quadrant of altitude
being fixed at ihe point @ as before, turn it to the
point K, and the triangle @ P K will be formed ;
in which is given the angle K P ©, four hours from
noon, P K, 38° 28" the distance of the path from
the pole ; © K, the sun’s distance from the vertex
will then be found, by inspection on the quadrant,
counting from © to K 5¢° 20".

Proprem LXXXII. Given the sun's distance
Jiom the pole 74° 27, the latitude of the place
51° 32, and the sun’s distance from the verlex by
ehservation, 46° 117,

To find the time of the day when that observaiion
was made, and the azimuth upon which the sun was
at that time.

350. Fig. 35. Elevate P the pole of the globe, to
15° 33°, the complement of the sun’s distance from
the pole ; bring the moveable meridian to the vertex
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of London, and slide the center of the artificial
horizon to that point : then screw the quadrant to
© the zenith of the illuminated disc, and bring-its
graduated edge to London ; and move the globe and
quadrant, that the vertex may cut the quadrant at
46° 11, the observed distance counted from ® to K3
and an oblique angled triangle ® K P will be formed
upon the globe, in which we have three sides given,
@ P, 74° 27’ the sun’s distance from the pole, ® K
his observed distance from the vertex 46° 11’ in the
morning, and K P 38° 28" the distance of the pole
from the vertex: to find the angle K P ©, count
the guantity. contained upon the equator, between
the moveable and strong brass meridians, which
will be found 36° 23°, or 2h. 25 min. in time
from noon, which i3 35 minutes past @ o'clock in
the morning.

The angle PK @ may be measured by producing
the arches which include the angle to the distance
of 0 degrees from the angular point as in Art. 332,
or by Art. 339, and it will be found 127° 40, ox
11 points of the compass from the north, reckoned
round by the east, or SE b E, 3°35" southerly.

If the observation had been made in the afterimon,
at the same height or distance from the vertex, the
answers would have been the same, but in a contrary
direction.

By this problem we may regulate our clocks at
any time of the day, without staying till the sun
comes to the meridian ; if the sun’s altitude be taken
by a large quadrant, and you note the time by the
clock when the observation was taken, and the true
time answering thereto be found as above, or b
calculation, the difference between this and the time
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pointed out by the clock at the instant of observation
will shew how much the clock is before or behind the
golar apparent time.

Prosrem LXXXIIL. Given, the Intitnde of the
vplace 51° 32, the sun’s ‘place '8 12° 15, the sun's
right ascension, 3Q° A8', at e o'clock afternoon, being
$he time when an observation was made :

To find what point of the ecliptic culminates npon
the meridian, which is the highest point of if, or the
QOth degree from the points wherein it intersects the
horizon, and consequently those poinis themselves ; the
distance of the nonagesimal and mid heaven  points
from the verfex ; and the angle made by the vertical
circle passing through the sun at that lime with the
ecliptic. :

351. Fig. 34. Elevate P the pole of the globe to
66 degrees, count the same quantity from /B, the
equator to e, there fix the quadrant of altitade ;
this point e, will then be the pole of the broad
paper circle marked Y @5 == V§, which now reépre-
sents the ecliptic, in which at @ put a mark, at
8 12° 15, for the place of the sun; bring the
graduated edge of the moveable meridian first to
the vertex of the given place, in this exnmpic Lon-
don, and bring the center of the artificial horizon
thereto ; next set it to the point marked ©, and the
horary index to that XIIth hour upon the equator
which is most elevated, and turn the globe until the
given. time one hour from nooen comes under the
horary index. Then set the graduated edge of the
quadrant of altitude to the vertex at E, and the
globe will be reetified for a solution of this problem,
3
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in which we have two spherical triangles, P oz D,
and e PE. 5

E, is that point in the path on which the vertex
is at one o'clock afternoon ; D, that point of the
ecliptic which then culminates upon the meridian
E © o5, the angle made by E © the vertical circle
then passing through the sun with the ecliptic 3
the point T in the ecliptic, which is cut by the
quadrant of altitude passing through E, is evidently
the nearest point to the vertex, or the highest or
nonagesimal point of it. ET is the distance of
the point T from the vertex E, and ED the di-
stance of D from the vertex, which is the point then
culminating upon the meridian.

In the triangle D g5 P, is given the angle i PD,
the complement of Y° P D, which is the right ascen-
sion of the mid-heaven, the sun’s given right ascen-
sion 8Q° 48’, agreeable to the sun’s place ¥ 12° 15/,
at noon, to which the addition of 15° for one hour
after noon, as we did above in rectifying the glabe,
makes the angle Y P D 54° 48’ the present right
ascension of the mid-heaven, aud PED the me-
ridian at that time; Pos 66° 21°, and the angle
at g5 right.

[. To find 5 D, the complement of Y D, the
longitude of PD the mid-heaven from the first
point of Y, which is obtained on the ecliptic here
represented by the broad paper circle between points
o5 and D, 32° 54%, or between Y and D, 57° 6,
the longitude itself, which is 27 deg. 0 min. in
Taurus. D is that point of the ecliptic which cul-
minates upon the meridian at that time ; whence we

may readily find what points of the ecliptic rise and

set at that time,
@
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The quantity 70" 27 contained between P the
pole of the globe, and D upon the moveable me-
ridian, is the distance of D the mid-heaven point
from the pole; if we deduct PE 38.28, or count
the quantity between D and E, we shall have
31° 5¢’, the distance of the point D in the ecliptic
which now culminates on the meridian from the
vertex E, its complement to g0 degrees being 58° 1
is the height of the ecliptic at this time, or the
inclination of the ecliptic to the horizon of the
place.

II. To find ¢ T, the complement of Y H
which is the longitude of the nonagesimal, and TE
its distance from the vertex. '

In the oblique angled spherical triangle Pek,
are given Pe 23° 29/, the distance of the poles of
the equator and ecliptic, P E, 38° 28 the co-lati-
tude with the included angle e PE 144° 48, the
complement of 35° 12" the distance of the mid-
heaven from the first point of o5 to 180 degrees.
The measure of this ‘angle is obtained vpon the
equator between the strong brass, and the moveable
meridians.

To find the angle P e E, as it is included between
o5 e, the strong brass meridian, and e T the qua-
drant; we have its measure 24° 44" upon the arch
gz T of the ecliptic, its complement 65° 16 is T T,
the longitude of the nonagesimal from the first
point of Aries, OF O 5° 16" its distance ET from
the vertex E, is gained on the quadrant of altitude
210 2, the complement of which 58° 58 is the
altitude of the ecliptic above the horizon at this
time ; or it is the angle which the planes of the
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ecliptic and horizon make with each other; as T
is -the highest point of the ecliptic ‘at this time,
and its longitude in IT 5° 16, three signs or QO
degrees counted on the broad paper circle from T
towards x will give W) 8° 16" for that point of the
ecliptic which is then rising, and the same quantity
counted from T towards y will fall upon ¥ 5° 16
which point is then setting.

III. To find the angle E ® T, being that which a
vertieal circle E © passing through the sun at that
time makes with the ecliptic; this is called the
parallactic angle.

To represent this angle upon the globe, it is ne-
cessary to have a flexible slip of brass, or a slip of
parchment about the breadth of the quadrant of
altitude, with the divisions inscribed on it with a
pen ; if this slip be applied to the point @, and its
graduated edge laid over the vertex E, and ex-
tended to the quadrant of altitude first removed to
x QO degrees from @, it will intersect the quadrant
at w; the quantity upon the quadrant, from x
to w, will be 56° 20", the measure of the paral-
lactic angle E®T. The result of this problem is
as follows :

That point of the ecliptic which culminates on
the meridian 15 in 8 27°0, its distance from the
vertex 31° 59/, the highest or nonagesimal point of
the ecliptie, I 5° 16, its distance from the vertex
31° 2/, the rising point of the ecliptic M 5° 16, its

setting point 3 5° 16, the distance of the nona--

gesimal from the mid-heaven 8° 10, and the paral-
lactic angle at this time 56° 5¢/.
a2
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Prosrum LXXXIV. Given, the latitude of the
Place, right ascension and declination of any point of
the ecliptic, or of a fixed star :

To find its rising or setting amplitude, its ascen-
sional difference, and thence its oblique ascension.

352. Fig. 36. Elevate P, the pole of the globe
to 51° 32, the latitude of London ; then the diurnal
parallel of the first point of Cancer will be repre-
sented by o5 F, the tropic of that name, marked
o5 e ¥, in fig. 86, bring the first point of g5 on
the ecliptic. line to the graduated edge of the strong
brass meridian, and e will be the point where it
rises ; to this point bring the graduated edge of the
moveable meridian, represented in the figure by
Pegp, then ae, upon the horizon at HO, or the
angle aZe, from theangular point Z m, the zenith
will be its rising amplitude, from the east at Aries,
towards the north point of the horizon ato, and
ag, determined by the moveable meridian, which
now represents a.circle of right ascension passing
through the points e and g, and the horizon its
ascensional difference, which subtracted fromn its
right, leaves its oblique ascension.

The ascensional difference is the difference be-
tween that point of the equator, which culminates
upon the meridian, with the first point of Cancer,
and that other point of the equator which rises
with it above the horizon; it is here subtracted,
to find the oblique ascension ; because that point of
the equator which rises with the first point of Can-
eer, comes to the horizon before the point of its
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right ascension, or that point with which it cul-
minates upon the merician.

In the triangle age, we have ge, the northern
declination of the point e, in the diurnal parallel
of the first point of Cancer, equal to 23° 29, the
angle gae, which is the inclination of the planes

“of £ Q the equator, and HO the horizon, with

the angle at g right. Whence upon the horizon
we obfain between a and e, 30° 50, the rising
amplitude of the first point of 5, which s NEbE,
and 5° 20" more. Upon the equator, from a to g,
we find 33° @, the ascensional difference of the first
point of Cancer: which subtracted from g0 deg.-the
right ascension of that point, leaves 56° 51, its ob-
lique ascension.

Every thing else upon the globe remaining the
same, if we bring the moveable meridian to the
point n, where the tropic of Capricorn intersects
the horizon, 'we shall have another triangle abn,
equal to the former, wherein the first puil‘l.t of Ca-
pricorn has the same amplitude 23°% 2" from a, in
the east, to n, towards H, the south part of the
horizon, that the former triangle shad towards the
north 3 and this added to the right ascension of the
first point of Capricorn, 270° 00, gives its oblique
ascension 303° 00, because that point of the equator
which rises with the first pomnt of Capricorn comes
to the horizon after the point of its right as-
cension, or that with which it calminates upon the
meridian.

353, Note. Every star which rises with any
point of the ecliptic, has the same oblique ascension
with that point.

The star marked v, in the leg of the constellation

4
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- Bootes, of the fourth magnitude, which is repre-
sented in fig. 36. at the point ¥, having its north
declination of 17° 21/, its ascensional difference a A
vises above the horizon with the same point of the
equator with which e, in the diurnal parallel of the
first point of Cancer, rises. So that having its right
ascension 204°, and declination 17° 21, its ascen-
sional difference and oblique ascension may be found
in the triangle af ¥, in the same mauner in which
the former were found in the triangle age.

As the ascensional difference is subtracted from
the right ascension to find the obligue ascension, 1f
it be added to the right ascension it will give the
oblique descension. For that point of the equator
which sets with the diarnal parallel of the first
point of Cancer, comes to the horizon before the
point of its right ascension, or that with which it
culminates upon the meridian. ~Hence: we have
another method of finding the length of the day at
London, or elsewhere, when the sun is in the first
point of Cancer, or any other parallel of his de-
clination, viz.

354, Subtract the sun’s ascensional difference in
time from six in the morning, the residue is the
time of his rising ; add it to six in the evening, and
it gives the time of his setting ; then doubling the
first, you obtain the length of the night, and the
double of the last will be the length of the day.
And after this manner all these particulars may be
found to every intermediate point of the ecliptic in
all latitudes.

As the rising and setting of some of the principal
fixed stars are mentioned by ancient writers, as
criteria by which to judge of the commencement
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of seasons, and the beginning of times set apart
for religion, husbandry, politics, &c. we have
judged it necessary to add the following problems,
as a farther elucidation of the two former, Art.
302, and 303,

Prosrev LXXXV. Given; the latitude of the
place, the points of the ecliptic with which a star
rises or sets, and the altitude of the nonagesimal,
when those points are upon the horizon :

To find in what points of the ecliptic the sun must
be to mahke the star when rising or setting appear just
free from the solar rays s and thence the times of ils
heliacal rising and setting.

355. Fig. 30. Elevate P, the pole of the globe,
to the latitnde of the place, and fix the quadrant of
altitude in the zenith at Z, and H O will represent
the horizon. Turn the globe until the given star
just'appears at ¥ in the edge of the horizon, and
a will be that point of the ecliptic in which the
sun must be when the star rises and sets with it:
Let us suppose the star at 3 to be of the first mag-
nitude, which requires that the sun should be de-
pressed 12 degrees below the horizon, that the star
may appear free from the solar rays: having noted
the point a, on the ecliptic, move the quadrant
until the 12th degree below the horizen intersects
the ecliptic at s, then Z s will represent a verti-
cal circle, in which the sun at s is depressed 12
degrees. -

So in the triangle a CS; right angled at C, we
have the sides C5, 12 degrees, the requisite de.

2




e e

232 Description and Use of the

pression of the sun below the horizon, to free the
star from his rays, or that point of the ecliptic at
S, to makethe star at 3 first heliacally visible when
it rises, or from which we may see upon the other
side of the globe when it sets heliacally.

The angle SaC is the altitude of the nonagesi-
mal, or inclination of the planes of the ecliptic and
horizon ; and the angle at C right, being formed
by the intersection of a vertical circle with the
horizon : the measure of the angle 5aC, is ob-

tained by inspectimj on the hrass meridian from O
to ¥§, the point in which the tropic of Capricorn
cuts that circle; the side a S, being an arch of the
ecliptic, through which the sun passes, from the
time the star at v rises with- him to its heliacal
rising, or an arch of the same quantity on the
other side of the globe, through which the sun
must have passed from the time when the star set
heliaeally, to its setting with the sun, which, as in
the former case, added to the point of the ecliptic,
in which the sun is when the star rises with him,
gives the point he is in at its heliacal rising ; and
in the latter case subtracted from that point of the
ecliptic the sun is in when the star sets with him,
leaves the point he is in at the same star’s beliacal
setting.

Thus having found. the points of the ecliptic- in
which the sun must be when any star rises or sets
heliacally, against those points in the kalendar, on
the horizon; you obtain the month and day.

As the distances of the fixed stars from one
another have been found the same in all ages, it
is probable they have no real motion of precession,
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but only an apparent one, caused by the retroces-
sion of the equinoctial points, which are found to
recede from their ancient stations at the rate of 50
seconds every year; this alters their longitude,
but their latitude does not vary : hence their places
being once determined to a known year, their lon-
gitudes may be ascertained for any time past or to
come, by the sole’ subtraction or addition of so
many times 50 seconds, as there are years between
that to which the given star is rectified, and that to
which it is required ; or knowing the quantity of
precession from any former period, the distance
thereof in time inay be obtained, by reducing it
into seconds, and dividing the result by 50, the
quotient will give the number of years, asin the
following examples :

Examere 1.

Given, 1908 years. Tofind the quantity of the
precession for that time.

1908 years.
Multiply by 50 seconds.

60) 05400

60) 1590

Answer ....... 20" 30" precession in 1008
years.
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Examvmrere Il

Given, 26° 30/, the quantity of the precession,
to find the time.

26° 30
Multiply by 6o

1500 minutes.
Multiply by 6o

Divide by 50) 95400 seconds.

Answer ... 1908 years.

The regular change in the precession of the fixed
stars, or rather the constant retrogression of the
equinoctial points, seems to cause an irregular va-
riation in their right ascensions and declinations,
more or less, according to their distances from the
pole of the ecliptic. Whence it may not be im-
proper to shew how these may be found, as the
cosmical, achronical, and heliacal - risings and
settings of the fixed stars, found by the preceding
problems, have respect only to the present age :
and the following problem, with which 1 shall
conclude this treatise, will shew the reader how to
Jetermine the ancient place of any star agreeable
to the time of ancient authors, if their autharity

may be depended on,
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Proevem LXXXVI.  Given, the latitude and
ancient longitude of a fived star :
To find its right ascension and declination.

Elevate the celestial globe to 664 degrees, bring
the pole of the ecliptic into the zenith, and there
fix the quadrant of altitude ; apply its graduated
edge to the given star, and it will cut its present
longitude, either on the ecliptic or broad paper
circle, which in this position of .the globe coincide
with each other ; make a mark on the quadrant,
at-the latitude of the given star, and remove it to
its ancient longitude, as found above; then bring
the graduated edge of the moveable meridian to the
mark just made upon the quadrant of altitude, and
set the center of the artificial sun to that point
which will then represent the ancient place of the
given star. That point of the moveable meridian,
upon which the center of the artificial sun was
placed, is its ancient declination ; and that point of
the equator, cut by its graduated edge, is its an-
cient right ascension.

The globe being thus rectified to the place and
precession of any particular star, as given us by
ancient authors, .the times of the year when such
star rose or set, either cosmically, achronically, or
heliacally, may be thus obtained by the preceding
problems, agreeable to the peried of the author
under consideration.
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A TABLE OF RETROCESSION AND AWTUMNAL

§

|
|
|
|

NOXES.

Retrocession, Autumnal Equinoxes.
Years. | D. H. M. Days. H M.
6000 | 45 20 - O || 2191454 4 O
1 5000 |38 4 40 | 1826211 19 20
4000 | 30 13 20 || 1460069 10 40
3000 |22 22 O 1005727 2 0O
2000 15 6. 40 730484 17 20
1000 7 15 92 365242 8 40
900 6 21 O 328718 3 O
800 6 2 40 202193 21 20
700 5 8 20 255660 15 40
600 4 14 0 219145 10 ©
500 3 19 40 182621 4 20
400 3l 28 146096 22 40 |
300 YA TID 109572 17 0O
200 1 12 40 73048 11 20
100 0 18 20 36524 5 40}
90 0 16 30 32871 .19 30
80 0 14 40 20919, 110 190
70 0 12 50 25566 23 10
60 B ; s D 21614 13 0,
50 €. 94,10 18262, 2 - 50
40 0O & 20 14609 16 40
30 0-"%5 30 10057 = 6 30 ]
20 | 0 3 40 7304 20 20 |
10 0, .1 50 3652 10 10

9 o [T 3287 - 4 21

8 D1t 128 2921 22 32

7 |0 L 2550 16 43

6 (Vo Raaie i 2191 10 54

5 Q-0 55 1826 .5 5

4 0 0 44 1460 23 16

3 0 0" 33 1095 17 297

2 0 0 2922 750 11 38

1 6 0 1 365 5 49

EQUI-
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A TAELE OF MONTHS.

i
{

| - —
| @ | o s
=8| 85 M
3 o = :—E o g
=5 - P~ |
RE | gA ES
(1]
a
A 31 January 31
D 28 February 59
D 31 March 90
G 30 April 120
; B 31 May 151
R 30 June 181
G 31 July 212
{ C 31 August, 243
F 30 September | 273
A 31 October 304
D 30 November 334
F 31 December 365
(T = A, "0et |
A TABLE OF WEEK-DAYS.
F 4 { Monday |
[ e @ 3
| 5 | Tuesday. |
6 | Wednesday l
0 | Thursday
1 ‘ Fn‘dﬂy '
.‘ 2 I Saturday
3 i Sunday |

{
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A TABLE OF THE HORARY DIFFERENCE IN THE MO=-
TION OF THE FIRST POINT OF ARIES, AT THE
TIME OF A VEENAL EQUINOX,
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|8~ || Mo|as
H. M. S. H. M. "S5
1 0.9 31 4 42
2 o 18 39 4 51
3 0 27 33 5 0
4 0 3 34 5 9
5 0 45 35 5 18
6 0 54 36 5 op
7 1 4 5 5 36
8 1 13 38 5 45
{9 1 92 39 5 54
10 1 51 40 6 3
11 1 40 41 6 12
12 1 .49 42 6 21
13 1 58 43 6 31
L 26 44, 6 40
.15 A ) 45 6 49
16 aoEs 46 6 58
17 2 34 47 ;i &
18 a 45 | 48 7 16
19 9 53 || .49 7. 95
20 =2 50 7 34
|
a1 gt ] 51 7 43
29 8 20 52 7 52
23 3 29 53 oy
24 3 3% 54 S
25 £ 47 55 8 17
26 B3 561 -38 8 25
o7 | 4 4 |‘ 57 | 8 35
28 4 12 || 58 8 45
20 4 22 || 50 8 55
30 4 32 !i 60 9 =5
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A TAELE OF THE DIFFERENCE OF THE PASSAGE OF
THE FIRST POINT OF ARIES OVER THE MERIDIAN,
FOR EVERY DAY IN THE YEAR.

1
Days. | January. February, March, Days.
H, M. S. H, M. S. H. M. §
15 ER00RS o SekS g T BY OGS B0
-8 6 28 54 42 6= 7 1
3 2.4 50 30 2 24 2
4 |4 57 40 46 37 0 5% 41 3
5 53 16 42 36 54 58 4
6 48 53 38 306 51 10 5
7 44 81 84 36 47 34 6
8 40 9 30 37 43 52 7
9 85 47 26 39 40 11 8
10 31 20 2. 42 36 50 9
11 27 6 18 45 32 50 10
12 22 46 14 50 20 10 11
13 18 297 10 55 25 31 12
14 14 9 A 21 52 13
15 9 51 8=y 18 13 14
16 5 33 1 50 14 14 34 15
17 1407 55 22 10 55 16
18} S =g 51 32 =10 17
19 52 47 A7 49 3" 38 18
20 48 33 43 52 [0 0 o0 19
-—“-""—““

21 44 19 40 3 [23 56 99 ot
23 35 54 32 20 49 6 22
24 84 43 28 39 45 28 23
25 27 .33 94 59 41 50 24
26 23 24 2 6 38 12 25
o7 19 15 17 20 34 34 926
23 15 7 13 35 30 56 7
29 11 0 27 - 18 28
30 6 54 23 40 20
31 2 49 20 2 30

L ie—iad
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Days. |

oL~

¥} KD QOB O

F Days. April May June,
1
H. M. 8. |JH. M. 8. H. M. 8
1 l25.16.. ‘24 |21 2512 |1 22,28
{2 12 406 21 -2 18 22 L.4
3 9 8 174x33 14 16 2
4 5 29 13 43 | 10 9 3
5 1 50 9 52 6 2 4
6 122 58 1t 6 0 1 145 5
7 54 38 2. & V18,57 48 6
8 50 54 120 58 16 53 40 7
9 47 14 54, 23 49 32 8
10 43 35 50 30 45 24 9
il 30 .55 46 35 41 15 10
12 36 14 42 40 | 87 - b 11
13 32 33 38 44 | 32 457 ]
id 28 52 34 49 28 -48 | 18 |
15 95 11 30 51 9439 | 14
— i '
16 a1 80 26 - 54 20 29 | 15 E
17 17 47 22 56 16 20 | 16 |
18 14 4 18 58 [l 4 Ll
19 10 21 14 59 § 1 18 |
20 6 38 | e ¢ | A 19 |
—_— - —
21 2 .54 750 |A7°50 ¢ 42 20 I
22 |21 59 11 2 50 55 33 21 |
23 55 26 |19 58 59 51 23 22 |
24 51 4l 54 58 47 14 23 E
25 a7 55 50 50 3 4 24 |
—_— el SRR |
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111
Days July. August. September. | Days.
H. M. 8. |H. M. 5. |H. M..S.

2 laz. 18 11 |35.13 (20 (4817 .22

2 14, 3 9 . 383 13 .45 1

3 9 56 5 41 10 8 2
4 5 48 1 49 681 3

5 1 41 |14 57 58 2 54 4

6 |16 57 34 54 . 8 |12 89 17 5\
7 53 28 50 18 55 40 (0]
8 49 22 4629 52 4 7
(1] 45 17 42 40 48 28 3
10 41 12 38 52 4% 52 9 ¢
11 S T 35 .5 41 16 10
12 33an 2 31 18 37 40 11
13 28 58 97 32 34 4 12
14 24 55 23 40 30 2f 13
15 20 52 s I | 26 54 14
16 16 49 16 16 23 18 15
17 2 A7 12 32 19 43 16
18 3 46 8 48 fh 7 17
19 4 45 5.5 12 31 18
Q0 0 45 1 22 8 50 19
21 |15 56 45 |13 57 40 5 20 20 i
99 52 46 53 58 1 44 21 |
o3 48 48 50 .16 |11 58 8 o 1
24 44 {9 46 35 54 32 | 23 ¢
25 40 51 42 55 50 50 24

3 _ASERSS

a6 36 54 39 1314 47 20 25
27 32 &7 35 35 43 44 26 |
9 9 2 81 55 40 3 5T a7
20 25 6 98 17 36 & 28
30 21 312 24 38 32 3 2
31 18 21 0 30 |

PSR, S ——
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1V.

Days. Qctober. November. December. | Days,

H. M. S. H. M. S. H. M. S.

1 11 2015 0 82 .50 T a8 50
2 25 87 98 - 55 24 29 1
3 21 59 24 58 20 8 2
4 18 20 21 0 15 47 3
5 14 42 170 2 11 25 4
6 i1 3 i3 3 s 5
7 7 23 g g 2 40 6
8 3 43 59 Vo6=g5s Ty 7
9 058 1230 53 54 8
10 [10 56 21 |8 56 57 49 30 9
11 52 40 52 - 53 45 6 10
32 48 58 45 49 40 41 11
13 35 16 44 44 36 15 12
i 14 41 33 40 38 31 50 13
15 37 50 20 =81 2 24 14
‘5' 16 34 6 32 23 22 58 15
17 30 ¢ 28 14 18 32 16
18 26 30 24 - 5 14 -5 17
19 295150 19 54 98 18
{20 19 4 15 44 5 13 | 19
*] 15 17 11 32 0 46 20
o 11 29 7 19 5 56 19 21
0B 7 40 3 5 51 52 29
g 3 51 |7 58 51 47 25 | 23
25 i) D 54 36 42 59 | 24

|

a6 (.9 50 11 50 20 38 33 | 25
27 ‘52 20 46 34 6 | 26

41
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