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and charts may then be laid before him with
propriety, in order to confirm him in the
knowledge of the particular parts of thofe
very patallels, of which he has already at-
tained a general idea upon the globe.

PROBLEM LIL

To find a fignal; or warning ftar,
that “fhall be upon or near the
meridian- of an ‘obferver, at the
time any known flar is perpen-
dicular to any place on its eor-

refponding parallel.

295. Bring the given place to the gra-
duated fide of the ftrong brafs meridian on
the terrefirial globe, and it will cut the de-
grees of its longitude, reckoned caftward
from Lordon, upon the upper row of figures
over the equator ; then

Apply to the celeftial globe, and fet the
given flar under the graduated fide of the
ftrong brafs meridian, which will cut the
degree of its right afcenfion on the equi-
noctial,

If
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If the fituation of the obferver is weft
of the given place, fubtrad the terreftrial
longitude from the right afcenfion of the
ftar ; if eaft, add the longitude, and move
the celeftial globe, till the fum or refidue
thereof is under the graduated fide of the
firong brafs meridian, and then that fide
will be direétly over thofe ftars which
are upon, or have juft pafled, or are not
quite come up, to the obferver’s meridian, at
the moment the given flar is vertical to the
place propofed ; either of which will correct-
ly anfwer the prefent purpofe, and become
the fignal or warning ftar; that upon its ar-
rival on the meridian, will declare the given
ftar to be vertical to the place affigned.

Thus let the obferver be in or near Lon-
don, and the bright ftar in Lyra, or the harp
of the firft magnitude be given, it is called
Vega, and marked «: this ftar is a corre-
{pondent to the fouth weft cape of the ifland
of Sardinia in the Mediterranean,

The longitude of this cape from London
15 9 degrees, and the right afcenfion of the
flar Vega is 277 degrees, as London is
weft of Sardinia; ¢ degrees fubtracted from
277 degrees, leaves 268 degrees of right
~ alcenfion,
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afcenfion, to which the celeftial globe being
fet, the graduated fide of the ftrong brafs
meridian will be found directly over the ftar
5 in Draco, and alfo over a ftar of the fourth
magnitude in one of the heads of Cerberus.
Thefe are eminent fignals, and both upon the
meridian, when at the fame time the flar
marked 8, in the knee of Hercules, will have
pafled the meridian about two minutes of an
hour, and the ftar marked P, of the fourth
magnitude in the milky way, will want about
two minutes of an hour of coming to it.

Hence when the ftar marked 3, in the
head of Draco, fends forth its perpendicular
rays upon the city of London, the ftar Vega

in Lyra will alfo be perpendicular to the
S. W. cape of the ifland of Sardinia. At which
time an obferver at London will be fenfible
of the diftance between the zenith of the
two places, and may note the bearing of
Sardinia from London upon his fenfible
horizon, to which he may refer at any time
in the day. An obferver at Sardinia may note
the fame with refpect to the diftance and
bearing of London from him,

To excite ftudents who have an afpiring
emulation to improve themfelves in this ex-
tenfive
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tenfive feience of geography and altronomy,
the principal requifites whereby they may
acquire univerfal knowledge, we fhall pro-
ceed to illuftrate ‘this {yftem of the naturil
agreement 'between the -celeftial and ter-
refitial ‘fpheres, by a few interefling cx-
amples. :

Exampre L.

When 'the ‘ftar ‘marked’¥ ‘in'the
head of Draco is perpendicular
to the city of London, the twelve
following' ftars may be feen from
thence at''the fame time, when
they will alfo be perpendicular to
as many places upon the earth.

296. The fignal or warning ftar is 3 in
the head of Draco, which comes upon the
meridian with the 268th degree of right
afcenfion ; it will be vertical to the city of
London two minutes of time, after the ftar
marked k, in the milky way, near the equi-
nox, has pafled the meridian, at which time
the twelve following ftars will be vertical
to the places they ftand againft.

Weft
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296
Weft of London.
Rig'. Decl. oW
Afc. and | Lon.
Lat. |
267%|Knee of Hercules (G137 C‘aéthagena, Old; | 324
Pél!.l'l _1'
2672 Wrilt of Hercules | |304{Frontiers of Mc)-?
rocco and Tar- ol ok
ua
261 Rasalhugus,Ser-} 5 Kingdom Kom-
pentarius e bergrada, Africa % 7
198 |Spica Virginis ajto {Peru,South-America 70
175 Dc{;};n ;%tlrif;ld % 16 |Chapa in' Mexico | g3
191 [Alioth, rit in'tail ({le Belehier,Hu -
Great Bear % €157 fons Bay } 77
Eaft of London.

[Rigt. Decl. Eaft
Alc. and Lon.
Lat,

277 |Vega, inLyra.  |a|3824]S. W.' Cape; Tfle
‘ of Sardinia . §|,-°
295 |Atair, Eagle’sneck o] 8 |Froptiers of Be-
nin andNigritia 17
Africa }
zgo |Swan’sbeals, Al- - IMid. Levata in s
bireo Biz7zl Iy agua, Africa é “g
308 [Deneb, Swan’s } 1|pat
rump a|445|Palmyra 40
343 [Sheat, in Pegafus Iplz7 {Middleof Mogul's 3]
Empire 75
309 (Swan's Sos Wing, e {332 Frontiers of Tur-
KcyinAﬁn,aud} 41
Defert Arabia 2
gl

foe b
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The ufe of a warning ftar is to point
out the true tini¢ of the phiceiomenon; whick
is to be firft nearly found by obtaining the
time of the right afcenfion of that ftar for
the evening, on which the obfervation is
intended to be made.

This table of correfpondents was formed
as follows s

The right afcenfion and declination of
the ftars was found in round numbers upon
the celeftial globe, and written in two co-
lumns, inclofing the names of the ftars;
the columns for the names of the corre=
fpondent places being left biank for their in=
fertion afterwards :

Next, as the longitude on our new ter-
reftrial globes is numbered both ways from
the meridian of London, whatever the right
afcenfion of the fignal ftar may happen to
be, that point of the celeftial {phere is like=
wife confidered to be upon the meridian of
London. Therefore,

To gain the longitude in the laft column
of the table, if the given ftars were eaft of
the fignal, the right afcenfion of the warn-
ing ftar was fubtra®ed from the right af=
cenfion of the given flar.

But
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But the weft longitude was obtained by
fubtracting the right afcenfion of the given
ftars from that of the fignal.

The reverfe of this example is to find,
what ftars will be perpendicular to any place
upon the earth, a warning ftar being known,
that fhall be upon the meridian of an ob-
ferver, when the ftars to be fought fhall be
vertical to the places affigned, which the
reader will eafily perform from what has
been already faid.

When a ftar is known to be perpendi-
cular to any affigned place, its correfpon-
dence to that terreftrial point may be equally
affirmed, to all thofe who can fee it at that
inftant from any part of the earth, or fea,
they may then happen to be upon.

If an obferver in Palmyra, another in the
middle of the Mogul’s empire, a third at
Levata in Africa, and a fourth at Chapa in
Mexico, fhould look at the ftar 3, in the
head of Draco, the moment it is in the ze-
nith of London, they will fee its corre-
fpondence to that metropolis at one and the
fame inftant of time; their hour only will
be different according to the difference of the :
meridians, as thofe places are fituated cither
eaft or weft from London.

R The
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The fignal or warning ftar to each of
thefe places, is the perpendicularity of that
ftar exprefled in the preceding catalogue of
twelve ftars.

From the obfervation under either of thefe
ftars in the catalogue, may be feen the other
twelve ftars, when they are fhining over the
heads of the inhabitants of all the other
countries therein named.

This conftitutes the fyftem of aftronomi-
cal geography before fpoken of. It affords
us a real affiftance from the heavens, where-
by we not only fee the marvellous diftances
of a multitude of celeftial bodies, compo-
fing that part of the univerfe, which we are
permitted to behold ; but it alfo enables us
to comprehend the diftances and bearings of
the moft remote countries from' that point
of the earth upon which we ftand.

Exampre Il

297. When the bright ftar marked 8, in
the head of Caftor, is upon the meridian of
London with the 11oth degree of right af-
cenfion, the twelve following correfpondents
will be vertical to the places annexed.

Wellward.
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Wefltward.
.Rig* Dec. Lon:
Afc and w.
Lat. :
14 |Girdle of Andro- : : : {
fiedes Biza? p 134 Kichuans; Louifiana} g5
18 [Cafliopea’s thigh & |56:P-Walesfort,Hud - } %,
fons Bay 9
27 |Almaak, foot of !TWJg}ltCCS, S. of % g
Andromeda YA Lake Michigan 3
42 |Shoulder of Perfeus |9 |52 Efkimos between
L. Otter and L. 68
Pitetibi, North
America
47 |Algenib,Perfeus'sfide| al4g|Cape Rifher, 6
St. LawlenCe 5
=6 [Rigel, Orion’s foot | B 9'Sea and Coaft of ¢
I Olinda { 34
Eaftward.

Rigt. Dec. E. |
Afc. and Lon.
Lat.
132|Great Bear's foot % 147;Middle of Hangary | 22

139{Hydra’s heart | 8iKingdom Mafley,
3 Africa | £
143|Corner of the T . .y _ :
4 Lyon's mouth §|*|%5 Nahaflz, in Egypt | 33

tagiRegulus,  Lyow's 1), 5 Abyfinia, Africa
176|Third in the Sq. Oﬁiakis,S.W,Part%! 66

Great Bear } F of Siberia

192|N.Wing of Virgo, Sea zo E. of Pon- ¢ ' o
? Vindematrix } f ! zl_._dlf.hufy 5 82

Thefe ftars are vifible in the months of
January, February, and Match.
Rz

ExAMPLE
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Examvmere III.

298, When the bright ftar marked « in
the ear of corn, which the Virgin holds in
her hand, called Spica Virginis, is upon the
meridian of London with 198 degrees of
right afcenfion, the following twelve ftars
will be vertical to the feveral places in the
following table.

Weftward.

Rigt. Decl. W]
Alc. and Lon.
Lat.
go|Firft ftarinthe foot } :{Iles of Tres Ma- } 08

of Caftor #1%%%| rias, New Spain § |
113/Head of Pollux  'plzg [SeanearC. Efcon- } 3
did, Florida 5
139|Hydra's heart a| ~»LYamari, a Branch}
of the Amazo- (| 61
i rian River
1 egulus, Lyon’s Sea 1z° E. of the
e ]%earl: 4 e Antilles } 49
175|Lyon’s tail, Alafad 'pl14 !Near Bonavifta,C. }
| Verd Ifles } £
191 |Firft in tail Great } | | _ {Weftern Ifles of
Bear, Alioth } €157 | Scotland ;' {57

Eaftward.
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Eaftward.

Decl.
Afc. and Lon.
Lat,
212|N. Hand of Bootes | ; |52|S. of Berlin, in'% )
Prufiia 4
243|Scorpion’s heart a |251S. Coalt of Mada- 3
gafcar 45
240(In the Back of E 5, Eaftof the Caf-~
Hercules “139)  pian Sea bR
z277|Vega, in Lyra « |39|Coten, in Tartary' | 79
z2gofAlbiero,theSwan’s 23 Toudfang. in Thi- {
beak B bet Major ¢l 92
294]Atair, in the Eagle | | 8Faftern Sea, or
Coaft of Ma- 96
lacca

This phenomenon may be feen in the:
months of April, May, and June.

ExamprrLe 1V.

299. When the 28gth degree of right
afcenfion is upon the meridian of London,
fignified by one minute of an hour after the
ftar marked ¢ in the fouthern wing of the
Eagle has paffed the meridian, then the
twelve following places will have the annex-
ed ftars in their zenith.

Weftward.
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Weftward.

Dec. y
and Lon.
Lat.
206/ The flar in the leg 3| 4 |20[Sea 2° §. Cape 3
of Bootes Corrente, Cnba } 3
21g!Southern Scale of ) | 4 151 Collao, inPera | 70
Libra
226{Northern Scale of ) |p | 8 Amazonia, America | 63
Libra
236/A ftar in Scorpio | 7|25/ Paraguay, America 53
zgolHand of Serpentarius § | 3| N. W, part of Brazil 49
267|Knee of Hercules | § {37 N, of St. Michael, } ek
in the Azores

Eaftward,

Rig(_ - i Dcc' ey E.
Alc. and Lon.
| Lat.
[ 321|Side of Cepheus B |70[Fro. Sea near Ifle
i Wardus, Laponia } 32
l 528{Shoulder of Aquarius| & | 1|Between Sio and
| Ampaia, Zan-} 39
; ‘ 2l guebar
1 331{Firft in the head 7 Ruffia, 4° E, of
E of Cepheus ;’ Al Mofecow ; Tz
| 343|Markab in Pegafus | & 27(Sea Coatt, in Per- %
| fian Gulph 54
| 35¢|Andromeda’s head | § 27 Tala,Mogu]’sEmpire 70
‘ 300lA ftar in Pegafus |y 14/Sea near Ifle Lak- %
dinas

71

; Thefe ftars may be obferved in the months
; of July, Auguft, and September.

ExamPLE
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ExampPLE V.

300. When the flar marked ¢ in the
fide of the Whale is upon the meridian of
London, with 18 degrees of right afcenfion,
the twelve following ftars will be in the
zenith of the annexed places.

Weltward.

Dec
Afc. and | Lon.
Lat
z2g0| The Swan’s beak p|28{Gulph Mexico,3° % 38
: \ S. Mafifippi

204|Firtt in the Swan’s Lake Michigan, {

- wing % &40 Canada E 84
3c8|Deneb, in the ( |New England 70
Swan’s rump %

324{3ide of Cephetis B

&

S

~i

o|Cumberland near }
A\

Baffin’s Bay § 57
331|{Head of Cepheus | ¢ |s6{N. Sea, E.ofiLa- 3} .
brador ) 47

341|Fomahaut, mouth __[Middle of the At-
of Pifces Notius %1 3% ‘lantic Ocean é 37

Eaftward,
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Eaftward.

Dec.

Afc. . and Lon.
Lat.

27 (Almaak, foot of Sea coalt of Sardinia 9
Andromeda 74t

42 |Shoulder of Perfens 52/Brifac Luthania 2

~

43 {Menkar, Whale’s } Bake Bake, Africa | 25 |
mouth %1 3Frontiers of Egypt 7
53 |The Plciades 23| and Nubia (] 35

Golconda, Afia 78

g6 |North foot of Pollux
112 {Procyon, little Dog | a

16

L%

{#))

Sea1°N.W.Achem I_

Summatra

The ftars in this example may be feen in

the months of O&ober, November, and
December.

PROBLEM LIL

The phenomena of the harveft
moon.

301. When the moon is at-or near the
full, about the time of an autumnal equinox,
fhe rifes nearly at the fame hour for feveral
nights together : this pheenomenon s call-

To account for this upon the celeftial
globe, fet the artificial fun upon the firft
point
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point of Libra, where the fun muft necef-
farily be at every autumnal equinox, and
place the artificial moon upon the firft point
of Aries, where fhe muft be, if a full moon
fhould happen at that time.

Re@ify the globe to the pofition of a right
fphere, art. 214. which anfwers to the inha-
bitants of the equator; bring the center of
the artificial fun to the weftern edge of the
broad paper circle, and the horary index in
this cafe being the graduated edge of the
firong brafs meridian, will cut the time of
the fun’s fetting, and the moon’s rifing;
hence it is obvious the moon will rife when
the fun fets, which will be at VIo'clock, be-
caufe they are both fuppofed to be in the
celeftial equator, but in oppofite figns.
Therefore on that day the fame phceenome-
non will happen in all latitudes between
the equator and either pole.

But as the moon’s motion in her orbit,
which we fhall at prefent confider as coin-
cident with the ecliptic, is about 13 deg.
10 min. every day, which retards her diur-
nal motion zbout 51 min. 56 fec. of time
with refpect to the firft point of Aries, this
daily difference as it relates to the fun is
generally
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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 rife the next night after
the autumnal equinox, at which time the
fan will have advariced one degree in Li-
bra, and the moon 13 deg. 10 min, in Aries,"
which is 12 degrees more than the fun has
done in the fame time: therefore place the
center of the artificial fun upon the firft de-!
gree of Libra, and the artificial moon on:
13 deg. 1omin. of Aries, the globe being
reclified as before to the pofition of a right
fphere, bring the artificial fun under the’
graduated fide of the firong brafs meridian,
and fet the horary index to XII, turn the
globe until the artificial fun- coincides with
the weftern fide of the broad paper circle,
the horary index will fhew he fets that
evening at VI o’clock, and the globe being
turned till the artificial moon coincides with
the eaftern fide of the broad paper circle,,
the horary index will thew the moon’s rifing
that evening to be about 48 minutes paft
VI o'clock, with 5 degrees of amplitude
northerly, as fhe is now entered into the
porthern half of the ecliptic.

 Moes
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Now elevate the north pole of the globe
to the latitude of London, every other rec-
tification remaining the fame, and bring the
artificial moon to the eaft fide of the ho-
fizon, and the horary index will point to
20 minutes paft VI, her time of rifing ; and
her amplitude at that time will be about §
degrees, three degrees more than at the equa-
tor the fame evening.

If we thus invefligate the time of the
moon’s rifing for two or three nights to-
gether before and after the autumnal full
moon, it will be found nearly the fame.

The reafon is, that the full moons which
happen at this time of the year, are afcend-
ing from the fouthern into the northern
figns of the zodiac: whence the moon de-
fcribes a parallel to the equator every night
more northerly, which increafes her rifing
amplitudes confiderably, and more {o as the
latitude is greater, as in the prefent ex-
ample ; hence it is plain, that the nearer any
celeftial objeé is to either pole, the fooner it
afcends the horizon.

Every thing remaining as before, if we
clevate the north pole of the globe to 66}
degrees, which is the latitude of thie northern
polar
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polar circle, and bring the artificial moon to
the eaft fide of the horizon, fhe will be
found to rife about the fame time. that the
fun fets the evening after the. autumnal full
moon, which is about VI o’clock, at which
time and place her amplitude will be about
13 degrees.

In this pofition of the globe, if the artifi-
cial moon be removed 13 deg. 10 min. upon
the ecliptic, which is her mean motion
therein for one day, and fo on for fourteen
nights together, the will be feen to rife
within the fpace of one hour during that
time, which will be clear on obferving that
half the ecliptic rifes at once.

It is remarkable that when the moon va-
ries leaft in the time of her rifing, the di-
urnal differences are greateft at the times of
her fetting.

What has been faid with refpe@ to north
latitudes is equally applicable to fouth lati-
tudes.

In like manner the new moons in {pring
rife nearly at the fame hour for feveral
nights fucceflively, while the full moons
rife later by a greater difference than at a
other time of the year, becaufe at this ti-
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of the year the new moons are in the af-
cending, and the full moons in the defcend-
ing figns.

This phcenomenon varies in different
years: the moon’s orbit being inclined to the
ecliptic about § degrees, and the line of
nodes continually moving retrograde, the
inclination of her orbit to the equator will
be greater fometimes than at others, which
prevents her haftening to the northward or
defcending fouthward in each revolution
with equal pace.

PROBLEM LIIL

To find the time of the year, in
which a ftar rifes or fets cofmi-
cally or achronically.

302. The cofmical rifing and fetting of a
ftar, is when a ftar rifes with the fun, or fets
at the time the fun is rifing.

The achronical rifing or fetting of a ftar,
is when a ftar rifes or fets at the time the
fun is fetting.

Elevate the pole of the celeftial globe to
the latitude of the place, and bring the. ftar

to
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to the eaftern edge of the broad paper circle;
and obferve what degree of the ecliptic rifes
with it, which feek in the kalendar on the
broad paper circle, againft which is the day of
the month whereon that ftar rifes eofmically.

Turn the globe till the flar coincides with
the weftern edge of the hotizon, and that
degree of the ecliptic which is eut by the
caftern fide, gives the day of the month
when the flar fets colmieally ; fo likewife
againit the degree which fets with the ftar
you have the day of the month ofits achro-
nical fetting; and if you bring it to the
eaftern fide of the horizon, that degree of
the ecliptic then cut by the weftern fide of
the broad paper circle fought in the ka-
lendar, will fhew the day of the month
when the ftar rifes achronically.

PROBLEM LIV,

To find the time of the heliacal
rifing and fetting of a ftar,

303. When a ftar is firft vifible in the
morning, after having been 0 near the fun
as to be hid by the fplendor of its rays, it
is faid to rife heliacally.

When
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When a ftar is immerfed in the evening,
or hid by the fun’s rays, it is faid to fet he-
liacally.

Elevate the pole of the celeftial globe to
the latitude of the place, bring the ftar to
-the eaftern fide of the broad paper circle,
fix the quadrant of altitude to the zenith,
and apply its graduated edge to the weftern
Gde in fuch a manner that its 12th degree
above the horizon may cut the ecliptic, the
point oppofite to this will be 12 degrees
below the broad paper circle on the ealtern
fide, and is the fun’s place in the ecliptic
at the time a ftar of the firft magnitude
rifes heliacally ; feck this point in the ka-
lendar, or upon the ecliptic line on the
‘globe, againft which you will find the day
of the year when that ftar rifes heliacally.

To find the heliacal fetting, bring the ftar
to the weftern fide of the horizon, and turn
the quadrant of altitude on the eaftern fide,
till the 12th degree cuts the ecliptic ; its op-
pofite point is the fun’s place, which fought
either upon the kalendar or ecliptic line,
gives the .day of the ycar when the flar fets
heliacally.

Stars
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Stars of the firlt magnitude, according to
Prolemy, rife or.fet heliacally, when they
are 12 degrees diftant from the fun: that is,
when the ftar isrifing, the fun muft be de-
prefled in the perpendicular below the hori-
zon ‘12 degrees, that the ftar may be far
enough from the fun’s rays to be feen be-
fore he rifes.

Stars of the fecond magnitude require
the fun’s depreflion thirteen degrees, and
thofe of the third magnitude fourteen de-
grees, &c.

The manazil al kamer of the Ara-
bian aftronomers, * from Ulugh

Beigh, publithed at Oxford 1663;. l-

304. The manazil al kamer of the Ara-
bian aftronomers, are XXVIII, they are {o
called, i. e. the manfions of the moon, be-
caufe they obferved the moon to be in or
near one of thefe every night during her
monthly courfe round the earth : they are
thefe that follow, to which upon the globe
the Arabian charafers are affixed, but omit-
ted here for the want of an Arabian type.

L. Al
* See the Rev. Mr, Coftard’s Hiftory of Aftronomy, p. 1g.
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L Al Sheratén, thefe are the firlt and fe-
cond ftars of Aries, or the flars in the
Ram’s horns, marked g and 4, withI, ¢,

fignifying the firft manfion of the moon;

which the reader will pleafe to remember
once for all.

1I. Botein, the ftars in the Ram’s belly ac-
cording to Ulugh Beigh, by Bayer and on
our globe ¢ and ¢.

111. Al Thuraiga, the Pleiadés,‘

V. Al Debardn, the Bull’s eye.

V. Al Heba, the three ftars in the head of
Orion,

V1. Al Her'ab, the ftar marked £ in the left
foot of Pollux.

VIL Al Dira, the two bright ftars, one in
the head of Caftor, the other in Pollux,
marked « and g.

VIII. Al Nethrab, the nebule, of group of
flars in Cancer, marked ¢ ealied by the
Greeks @alm, 1. e. Prafepe.

¥X. Al Terphab, the Lyon’s eye marked g

S X Al
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X. Al Gebha, the ftar in the Lyon’s mane
marked ¢.

XI. 4l Zub'rab, the ftars in the Lyon’s rump
marked ¢ and 0.

XII. Al Serphah, the Lyon’s tail marked 8,
called Deneb al afad.

XII1. Al Awwa, they are four ftarsin Virgo
marked » & 0 g.

XIV. Simak al A'zal, the Virgin’s fpike
marked .

XV. Al Gapbr, three ftars in the fkirt of
the robe of Virgo marked ¢ s x.

XVI. Al Zubana, that is Libra, the northern
{cale is called Zubdnah Al Shemali, and
is the ftar marked @, the fouthern fcale
marked «, is called Zubinab al Genubz,
Shemali fignifies northern, and Genubi
fouthern, they are exadlly mifcalled on
the common globes of modern conftruc-
tion.

XV, Al-Ili, thefe are the four ftars In
Scorpio marked » B & .

XVIIL. A4
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XVII. A4l Kalb, the fcorpion’s heart marked
« more fully. Kalb Al dkrab, the word
Antares, if it is not a corruption; has no
fignification, and is therefore omitted.

XIX. Al Shaulah, the Scorpion’s tail, or the
ftar marked A. The word Lefath we have
omitted, being another pronunciation of
Ldfab, the true name is Shaulab.

XX, Al Niaim, thefe are eight ftars in Sa-
gittary, marked ¥ & ¢ A p ¢ @ NP
Ulugh Beigh makes them only three;
e yo

XXI1. A Beldab, this is that part of the
Horfe in Sagittary, where there are no
ftars drawn, and if there be any in that
part of the heavens, it is thought they
are only telefcopic ftars.

XXIL. Sad Al Ddbib, three ftars in Caprie

corn, marked « 3 v

XX, Sad Al Bula, the ftar marked v in
the hand of Aquarius.

XXIV. Sad Al Suitd, the frars marked g
and ¢ in Aquarius. :
S 2 XXV. Sad
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XXV. Sad Al Achbigab, thrée flars in' A
quarius marked ¥ £ 0.

XXVL. Al Pherg al Mubaddem, the fars
marked « and g in Pegafus.

XXVIL. 4l Pherg al Mudechir, thefe are
two ftars, one in the head of Andromeda,
marked 4, the other in the wing of Pe-
gafus, marked 7.

XXVII. 4l Rifbd, the ftar marked @ in
the girdle of Andromeda.

This is a divifion of the heavens, dif-
ferent from any thing the Greeks were
acquainted with, and therefore was not bor-
rowed from them.

PROBLEM LV.

To find a meridian line,

305. Bring the fun’s place in the ecliptic
on the celeftial globe, to the graduated fide
of the ftrong brafs meridian, and fet the
horary index to that XII, which is moft
elevated ; turn the globe, till the ftar mark-
ed y in Cafiopea’s hip, is under the gra-
duated
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duated fide of the ftrong brafs meridian,
with about 11 degrees of right afcenfion ; at
which time the polar ftar, in the extremity
of the tail of the little bear, will be above
the pole, and upon the meridian alfo. If
you find in this application of the globe,
that the horary index points to any hour of
the day, when the globe is relified to the
latitude of your fituation, turn the globe
again, till the ftar marked ¢, called Alioth,
being the firft in the tail of the great Bear,
is under the graduated fide of the ftrong
brafs meridian, and then the polar ftar will
likewife be upon the meridian, with about
191 degrees of right afcenfion, but under
the north pole, and the horary index will
point out the time of the night, when this
pheenomenon is to happen, before which
you are to have the following apparatus
properly prepared, that you may be ready
to attend the obfervation, that is, to find
your meridian line.

Sufpend two plumb lines, and let their
weights be immerfed in water, to prevent
their vibrating, but in {uch a manner that
the ftring of one of them may be direétly
between the polar ftar and: the ftring of the

S 3 other,
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other. After this adjuftment of the two
ftrings, if they remain untouched till the
next day at noon, a meridian line may be
obtained at any window in the houfe which
has a fouthern afpe@, by fufpending lines
as above from the ceiling; that next the
window may be fixed, but the other thould
be moveable in a direGion nearly eaft and
weft, the weights of thefe ought alfo to be
immerfed in water; then, if two perfons
attend a little before noon on the next day,
one of them at the two firft plumb lines
which were adjufted to the polar ftar, and
the other at the two plumb lines in the
houfe which are then to be adjufted, each
of them holding a fheet of white paper in
their hands, to receive the fthadow of the
two ftrings caft thereon by the fun; the
firft obferver is to give a fignal to the fecond
of the inftant the two thadows on his paper
are united in one and the fame line, at
which time the fun will be precifely upon
the meridian. The other obferver in the
houfe is likewife to attend with diligence,
and as the fun is coming nearer and nearer
to the meridian, he is conftantly to remove
his moveable plumb line, and keep the fha-

dows
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dows of his two firings always united in
one diftin@ fhadow, that his obfervation may
be compleat, when his affiftant gives the
definitive fignal.

If this be repeated four or five times, 2
very accurate meridian line may be obtain-
ed, and may be drawn on the window,
the floor, or a pavement, by their {hadow
when united by the fun’s rays, and the
plumb lines may be occafionally fufpended
from two fixed hooks, when you chufe to
obferve the paffage of the ftars a-crofs the
meridian.

For the ufe of the curious it will not be
improper  to obferve, that the late Dr.
Bradley found that the diftance of the flar
marked o at the extremity of the tail of the
little Bear, from the polar point, was 2 deg.
1 min. 39 fec. on the firft day of January,
A.D. 1751, old ftile ; at the fame time its
right afcenfion was 10° 45" 15" equal to
43 min. 1 fec. of time ; and as the right
afcenfion increafes 1 min. 16 fec. every ten
years, its right afcenfion may be obtained
for any fucceeding year; and having the
fun’s right afcenfion in time alfo, fubtract
the laft from the fitft; by adding 24 hours

S 4 to,
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to the right afcenfion of the pole ftar whepn
it is lefs than the fun’s, the remainder will
be the time of the ftar’s coming to the me-
ridian.

Then, as before, hang up two plumb lines,
between your eye and the polar fiar,

PROBLEM LVI.

Of the equation of time.

306. As time flows with great regula-
nity, it is impdﬁible to meafure it accurate-
ly, and compare its feveral intervals with
cach other, but by the motion of fome of
the heavenly bodies, whofg progrefs is as
uniform and regular as itfelf, '

Ancient aftronomers looked upon the fun
to be fufficiently regular for this purpofe ;
but by the accurate obfervations of later
aftronomers, jt is found that neither the
days, nor even the hours, as meafured by
the fun’s apparent motion, are of an equal
length on two accounts.

1, A natural or folar day of 24 hours,
is that fpace of time the fun takes up in
pafling from any particular meridian to the
{fame again ; and one revolution of the earth

with
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with refpeé to a fixed flar, is performed in
23 hours, 56 minutes, 4 feconds; there-
fore the unequal progreflion of the earth
through her elliptical orbit, (as fhe takes al-
moft eight days more to run through the
northern half of the ecliptic, than fhe does
to pafs. through the fouthern) is the reafon
that the length of the day is not exaltly
equal to the time in which the garth per-
forms its rotation about its axis.

2dly, From the obliquity of the ecliptic
to the equator, on which laft we meafure
time ; and as equal portions of one do not
correfpond to equal portions of the other,
the apparent’ motion of the fun would not
be uniform ; or, in other words, thofe points
of the equator: which come to the meridian,
with the place of the fun on different days,
would not be at equal diftances from each
other.

This laft is cafily feen upon the globe,
by bringing every tenth degree of the eclip-
tic to the graduated fide of the ftrong brafs
meridian, and you will find that each tenth
degree on the equator will not come thither
with it, but in the following order from ¥
to %, every tenth degree of the ecliptic

comes
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comes fooner to the ftrong brafs meridian
than their correfponding 1oths on the equa-
tor; thofe in the fecond quadrant of the
ecliptic, from % to =, come later, from
= to V8 fooner, and from V8 to Aries later,
whilft thofe at the beginning of each qua-
drant come to the meridian at the fame
time ; therefore the fun and clock would
be equal at thefe four times, if the fun was
not longer in paffing through one half of
the ecliptic than the other, and the two
inequalities joined together, compofe that
difference which is called the equation of
time.

Thefe caufes are independent of each
other, fometimes 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 thewn
by the fun, is called apparent or folar time,
and their difference is the equation of time,
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We now proceed to thew how
the terreftrial globe will reprefent
the real pheenomena relating to the
carth, when a&ually compared with
the refulgent rays emitted from the
great {phere of day.

307. The meridians on our new terre-
ftrial globes, being fecondaries to the equa-
tor, are alfo hour circles, and are marked
as fuch with roman figures under the equa~
tor, and at the polar circles. But obferve,
there is a difference in the figures placed
to the fame hour circle ; if it cuts the I1Id
hour upon the polar circles, it will cut
the IXth hour upon the equator, which
is fix hours later, and fo of all the reft.

Through the great Pacific fea, and the
interfe@ion of Libra, is drawn 2 broad me-
ridian from pole to pole, it paffes 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
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There is another broad meridian pafling
through the Pacific fea, at the 1Xth hour
upon the equator,. and the IIId hour upon
each polar circle; this contains only one
quadrant, or 9o degrees, the numbers an-
nexed to it begin at the northern polar
circle, and end at the tropic of Capricorn.

Here we muft likewife obferve, there
are 23 concentric circles drawn upon the
terreftrial globe within the northern and
fouthern polar circles, which for the future
we fhall call polar parallels ; they are placed
at the diftance of one degree from each
other, and reprefent the parallels of the
fun’s  declination, but in a different manner
from the 47 parallels between the tropics.

The following problems require the globe
to be placed upon a plane that is level, or
truly horizontal, which is eafily attained,
if the floor, pavement, gravel-walk in the
garden, &c. thould not happen to be ho-
rizontal.

A flat feafoned board, of any box which
is about two feet broad, or two feet {quare,
if’ the top be perfetly flat, will anfwer the
purpofe, the upper furface of either may
be fet truly horizontal, by the help of a

pocket




Celeftial and Terrefirial Globes. 269

pocket fpirit level, or plumb rule, if you
raife or deprefs this or that fide by a wedge
or two, as the fpirit level fhall diret; if
you have a meridian line drawn on the
place over which you fubftitute this hori-
zontal plane, it may be readily transferred
from thence to the furface juft: levelled;
this being done, we are prepared for the
folution of the following problems.

PROBLEM LVIIL
To obferve the fun’s altitude by

the terreftrial globe, when he
thines bright, or when he can

but juft be difcerned through a
cloud.

308. Confider the fhade of extuberancy,
which is that caufed by the fphericity of
the globe, heretofore called the edge of the
earth’s enlightened difc, and there repre-
fented by the broad paper circle, but here
realized by the natural light of the fun
itfelf.

Elevate the north pole of the globe to
66 % degrees, bring that meridian or hour

circle,
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circle, which pafles through the IXth hout
upon the equator, under the graduated fide
of the ftrong brafs meridian, the globe
being now fet upen the horizontal plane
turn it about thereon, frame and all, that
the thadow of the ftrong brafs meridian
may fall diretly under itfelf; or in other
words, that the thade of its graduated face
may fall exal@ly upon the aforcfaid hour
circle; at that inftant the fhade of extu-
berancy will touch the true degree of the
fun’s altitude upon that meridian, which
pafles through the IXth hour upon the
equator, reckoned from the polar circle,
the moft elevated part of which will then
be in the zenith of the place where this
operation is performed, and is the fame
whether it thould happen to be either in
north or fouth latitude.

Thus we may, in an eafy and natural
manner, obtain the altitude of the fun, at
any time of the day, by the terrefirial globe ;
for it is very plain, when the fun rifes, he
bruthes the zenith and nadic of the globe
by his rays; and as he always illuminates
half of it, (or a few minutes more, as
his globe is confiderably larger than that

of
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of the earth) therefore when the fun is
rifen a degree higher, he muft neceffarily
illuminate a degree beyond the zenith, and
fo on proportionably from time to time.

But as the illuminated part is fomewhat
more than half, dedu& 13 minutes from
the fhade of extuberancy, and you have the
fun’s altitude with tolerable exaGnefs.

If you have any doubt how far the
fhade of extuberancy exacly reaches, hold
a pin, or your finger, on the globe, between
the fun and point in difpute, and where
the fhade of either is loft, will be the point
fought.

When the fun does not thine bright
enough to caft a thadow.

309. Turn the meridian of the globe to-
ward the fun, as before, or direct it fo that
it may lic in the fame plane with it,
which may be done if you have but the
leaft glimpfe of the fun through a cloud ;
hold a ftring in both hands, it having firft
been put between the flrong brafs meridian
and the globe : ftretch it at right angles to

the meridian, and apply your face near to
the
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the globe, moving your eye lower and
lower, till you can but juft fee the fun:
then bring the firing held as before to this
point upon the globe, that it may juft ob-
fcure the fun from your fight, and the de-
gree on the aforefaid hour circle, which the
ftring then lies upon, will be the fun’s al-
titude required, for his rays would thew the
fame point if he fhone out bright.

Note. The moon’s altitude may be ob-
ferved by either of thefe methods, and the
altitude of ‘any ftar by the laft of them.

PROBLEM LVIIIL -

To place the terreftrial globe in the
fun’s rays, that it may reprefent
the natural pofition of the earth,
either by a meridian line, or with-
out it.

310: If you have a meridian line, fet the
north and fouth points of the broad paper
circle diretly over it, the north pole of the
globe being elevated to the latitude of the
place, and ftanding upon a level plane, bring
the place you are in under the graduated
fide
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fide of the flrong brafs meridian, then the
poles and parallel circles upon the globe
will, without fenfible error, correfpond with
thofe in the heavens, and each point, king-
dom, and ftate, will be turned towards the
real one which it reprefents.

If you have no meridian line, then the
day of the month being known, find the
fun's declination as before inftructed, which
will dire& you to the parallel of the day,
amongft 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 fun-fhine, and put it nearly north
and fouth by the mariner’s compafs, it being
firft elevated to the latitude of the place,
and the place itlelf brought under the gra-
duated fide of the ftrong brafs meridian:
then move the frame and globe together,
till the fhade of extuberancy, or term of
illumination, juft touches the polar  paral-
lel for the day, and the globe will be fettled
as before; and if accurately performed,
the variation of the magnetical needle will
be fhewn by the degree to which it points
in the compafs box.
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And here obferve, if the parallel for the
day thould not happen to fall on any one
of thofe drawn upon the globe, you are to
eftimate a proportionable part between them,
and reckon that, the parallel of the day.
If we had drawn more, the globe would
have been confufed.

The reafon of this operation is, that as
the fun illuminates half the globe, the thade
of extuberancy will conftantly be go de-
grees from the point wherein the fun is
vertical.

If the fun be in the equator, the fhade
and illumination muft terminate in the poles
of the world; and when he is in any other
diurnal parallel, the terms of illumination
mutft fall thort of, or go beyond ecither pole,
as many degrees as the parallel which the
fun defcribes that day, is diftant from the
equator ; therefore when the fhade of ex-
tuberancy touches the polar parallel for the
day, the artificial globe will be in the fame
pofition, with refpect to the fun, as the
carth really is, and will be illuminated in
the fame manner.

PROBLEM
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PROBLEM LIX.

To find naturally the fun’s decli-
nation, diurnal parallel, and his
place thereon.

311. The globe being fet upon an hori-
zontal plane, and adjufted by a meridian
line or otherwife, obferve upon which or
between which polar parallel the term of
illumination falls ; its diftance from the pole
is the degree of the fun’s declination : reckon
this diftance from the equator among the
larger parallels, and you have the parallel
which the fun defcribes that day ; upon which
if you move a card, cut in the form of a
double fquare, until its thadow falls under
itfelf, you will obtain the very place upon
that parallel over which the fun is vertical
at any hour of that day, if you fet the place
you are in under the graduated fide of the
ftrong brafs meridian.

Note, The moon’s declination, diurnal
parallel and place, may be found in the fame
manner. Likewife when the fun does not
thine bright, his declination, &c. may be
found by an application in the manner of
problem 57.

T 2 PROBLEM
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PROBLEM LX.

To ﬁﬁd the {un’s azimuth naturally.

312. If a great circle at right angles to
the horizon pafles through the zenith and
nadir, and.2!fo through the fun’s center, its
diftance from the meridian in the morning
or evening of any day, reckoned upon the
degrees on the inner edgec of the broad
paper circle, will give the azimuth re-
quired.

: D o e T e e e s \
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MeTuop 1.

313. Elevate either pole to the pofition

! of a parallel {phere, by bringing the north
! pole in north latitude, and the fouth pole
i in fouth latitude, into the zenith of the
broad paper circle, having firft placed the
globe upon your meridian line, or by the
other method before preferibed ; hold up
4 a plomb line fo that it may pafs freely near
the outward edge of the broad paper circle,
and move it fo that the fhadow of the
firing may fall upon the elevated pole ; then
caft your eye immediately to its fhadow on
the broad paper circle, and the degree it
there

e ——
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there falls upon is the fun’s azimuth at that
time, which may be reckoned from either
the fouth or north points of the horizon.

MeTtuop IL

314. If you have only a glimpfe, or
faint fight of the fun, the globe being ad-
jufted as before, ftand on the thady fide,
and hold the plomb line on that fide alfo,
and move it till it cuts the {un’s center, and
the clevated pole at the fame time, then
caft your eye towards the broad paper circle,
and the degree it there cuts is the fun’s azi-
muth, which muft be reckoned from the
oppofite cardinal point.

PROBLEM LXL

To {hew that in fome places of the
earth’s furface, the fun will be
twice on the fame azimuth in the
morning, twice on the fame azi-
muth in the afternoon 3 or, in
other words,

315. When the declination of the fun
exceeds the latitude of any place, on either
T 3 fide
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