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TO THE

K I N

SIR,

I
T is the privilège of real great- 
nefs not to be afraid of dimi­
nution by condefcending to the 

notice of little things ; and I there- 
fore can boldly folicite the pa­
tronage of Your Maj Esty to the 
humble labours by which I hâve 
endeavoured to improve the inftru- 
ments of fcience, and make the

globes



DEDICATION.

globes on which the earth and iky 
are delineatcd lefs defedive in their 
conflrudion, and lefs difficuk in 
their ufe.

Geography is in a peculiar män­
ner the fcience of Princes. When 
a private ftudent revolves the terra- 
queous globe, he beholds a fuccef- 
fion of countries in which he has 
no more intereft than in the inia- 
ginary régions of Jupiter and Saturn. 
But Your M a j E s T y muft contem- 
plate the fcientifick pidurc with 
other fentiments, and conßder, as 
océans and continents are rolling 
before You, ho w large a part of 
mankind is now waiting on Your 
detcrminatioijs, and may receive be- 

nefits
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nefits or fufler evils, as Your in­
fluence is extended or withdrawn.

avJ -H 9 J J ♦> *<•!  t •

The provinces which Your Ma- 
jèsty’s arms hâve added to Your 
dominions, make no inconfldcrable 
part of the orb allotćd to human 
bcings. Your power is acknow- 
ledged by nations whofe names we 
know not yet how to Write, and 
whoie boundaries we câtnioV yet 
defcribe. But Your Majesty’s 
lenity and bcneflcence give us 
rcafon to expeét the time when 
fcience ihall be advanced by the 
difluiion of happinefs ; when the 
defarts of America ihall become 
pervious and f«fe, when thofe who 
are now rtftrained' by fear ihall be 

attraéted
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attrà&ed by reverence, and multi­
tudes who now range the woods for 
prey, and live at the mercy of winds 
and feafons, fhall by the paternal 
care of Your Ma jest y enjoy the 
plenty of cultivated lands, the plea- 
fures of fociety, the fecurity of law, 
and the light of Revelation.

I am,

SIR,

Your Majesty’s

moft humble,

moft obedient,

and moft dutiful

Subjeft and Servant,

GEORGE ADAMS.



ADVERTISEMENT.

ßEING encouraged to offer to the pub­
lic a fécond édition of my Treatise 

on the Globes, I tbought myjèlf engaged 
to confder, vshethcr I might not be able, by a 
feiü additions, to render it more ufeful than 
the former.

And as fome obfervations on the folar fyflem 
feemed to be wanting, I hâve herein endea- 
voured to fupply that dcfeči, by prefixing a 
fhort view of it.

I hâve alfo added fome pertinent problems, 
and extended ïhe ufe of the Globes to the folu- 
tion of ail cafés in Spherical 'ïrigonometry, 
ivhich are applied to a variety of aßrono- 
micalproblems ; and that thcfe additions might 
be more inftruftive and amufing, I hâve il- 
lußrated them by eleven copper plates.
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THE connection of aftronomy with 
geography is fo evident, and both 
in conjunćtion are fo neceifary to a 

learned éducation, that no man will be 
thought to hâve deferved ill of the republic 
of letters, who has applied his endeavours 
to throw any new light upon fuch ufeful 
fciences. And as the phœnomena of the 
earth and heavens can be adequately illu- 
flrated only by the mechanical contrivance
of globes, whatever improvement is madę 
in thefe muft deferve regard, in proportion 
as it facilitâtes the attainment of aftronomi- 
cal and geographical knowledge.

As to maps and ail projetions of the 
fphere in piano, their ufe is more difficult 
than thofe of the globe, of which indeed 
they are only fo many piftures ; nor can 
they be thoroughly underftood without more 

fkill 
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íkill in geometry than is commonly pof- 
fefied by beginners, for whofe ufe the fol- 
lowing treatife is principally defigned ; tho’ 
it alfo contains fome obfervations, which I 
hope will not be altogether unacceptable to 
a more learned reader.

The globes now offered to the public, are 
of a conftruftion new and peculiar ; they are 
contrived to folve the various phoenomena of 
the earth and heavens, in a more eafy and 
natural manner than any hitherto publithed, 
and are fo fufpended that the ftudent may 
elevate the fouth pole ; a thing impraticable 
in the ufe of the common globes.

That agreement too, which is here 
pointed out between the celeftial and terre- 
ftrial fphere, will be found to open a large 
field of gcographical and aftronomical know­
ledge ; and will afford both inftrućtion and 
amufement to every unprejudiced enquirer. 
This correfpondence arifes from a comparifon 
of one globe with the other, or of the diftances 
of different places on the earths furface, 
with the relative diftances of fuch fixed 
fiars as anfwer to tliem in the heavens.

By
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By thefe fteps of fcience, the mind of 
man may be raifed to the contemplation 
of the divine wifdom, which has fo ad- 
jufted the proportion of days, months, fea- 
fons, and years, in the different parts of the 
terraqueous globe, as to háve diftributed 
with an impartial hand, though after a 
manner wonderfully varions, an equal íhare 
of the fun’s light to every nation under 
heaven.

By thefe globes, with little or no expé­
rience in aftronomy, may be feen how the 
moon changes her place every night, by 
obferving her pofition with refpećt to any 
fixed ftar, and how ihe proceeds regularly 
from it to the eaftward ; as the lèverai 
planets alfo may be obferved to do, fome 
more ilowly than others, as their orbits are 
more or lefš remote from the center of the 
fyílem -, while the regularity of their motions, 
ffrićłly conformable at all times to the laws 
of their Creator, exhibits a ftriking pattern 
of obedience to every rational fpećiator.

But it will be proper in this place to in- 
form the reader what he is to expečt in 
the globes, and in the following treatife 
intcnded to accompanv and explain them.

The
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The fuperior accuracy with which the 
plates are drawn and engravcd, will, it is 
hoped, appear to competent judges at the 
firft fight j for the perfećting of which no 
expence of time or labour hath been fpared. 
The celeftial globe is improved by the addi­
tion of lèverai thoufand ftars more than 
háve appeared upon any globe hitherto pub- 
liihed ; all the lateft difcoveries in geography 
and aftronomy are in both of them ftrićtly 
followed, and many new lines and circles 
are infcribed, the ufe of which will be fully 
explained hereafter.

In the treatife, we have made choice of 
that method of finding the times of equinox, 
which is the moft modern and fimple ; and 
which perhaps gives the trueft mean length 
of a tropical year ; that the young ftudent 
may with greater eafe and pleafure be made 
acquainted with the firft principles, and from 
them be carried on to the more abftrufe 
parts of aftronomy.

To render this book as extenfively ufeful 
as pofllble, I have endeavoured, with all 
the clearnefs I am mafter of, to exprefs 
both my own and the fentiments of other 
authors on the lame fubjećt ; and I think 

it 
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it my duty to acknowledge the aííiftance I 
háve received in the courfe of this work, as 
well from books, as from fome worthy 
friends 5 as 1 would not willingly incur the 
imputation either of plagiarifm or ingrati­
tude. If there íhould appear to be any 
defeéts, to which every human work is 
liable, the reader, I hope, will make fome 
favourable allowance for the undertaker of 
a taík fo complicated and laborious, and 
correćt my errors for himfelf, as well as he 
is able.

N. B. When the reader is hereafter direéted 
to apply a card, or the edge of a card, to any 
part of the globe, it is to be underftood that he 
íhould eut a card of any kind, exaétly in the 
íize and íhape of ABC D, fig. 4. for the 
globes of eighteen inches diameter ; and of 
the fize and íhape of E F G H, for thofe of 
twelve inches diameter } then, if the arch B 
C, or F G, are applied to the furface of 
their refpeétive globes, the lines AB, or CD, 
E F, and G H, will become radii from the 
center of the globe. It is frequently required 
to know what point upon the llrong brafs 
meridian, or broad páper circle, exaótly an­
ders to a given point upon the globe, and as

this 
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this cannot be well known by infpe&ion, on 
account of the neceflary diftance of thefe two 
circles from the furface, if the corner B or F 
be applied to the given point upon the globe, 
the edge of the card will exaódy mark the de- 
gree or part of the degree required.

For elevating the pole exaftly, the card is 
to be laid upon the broad páper circle, and its 
edge applied to the ftrong brafs meridian, by 
■which means the degree, and parts of a degree, 
may be afcertained with lufficient accuracy.

. .h. . . *k  i «T.0T13 ’ J - . 1O>
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A

COMPREHENSIVE VIEW

OF THE

SOLAR SYSTEM.

fgOiSSTRONOMY, which is defer- 
vedly cfteemed the moft noble and 
exalted branch ofhumanliterature, 
regards the varions phœnomena of 

thofe heavenly bodies, which the invention 
of curions inftruments hath brought within 
our obfervation, from the furface of the 
terreftrial globe.

It difcovers to us their fituation, magni­
tudes, diftances, and motions j and enables 
Us to détermine with precifion the length 
of years, months, and days, and to äccount 
for the viciffitudes of the fcafons ; and, in 
a word, explains whatever falls within our 

B con- 



2 A Comprebenfrve View 

confideration, as the proper fubjećł of thk. 
ufeful and interefting ftudy.
. ' • \-*v» z**»* • •*'■** Vif ’**»*-•  •- ’ •

* ‘ ’T š*

The Solar Syfi em

1. Confifts of the fun, (from which it 
receives its dénomination,) fix prinaary, 
ten fecondary planets, and the cornets. 
Thele, with that collećłion of innumerable 
fpherical bodies which compofe the univcrfe, 
are called the fyftem of the world ; all 
which appear to the inhabitants of the earth, 
as if they were within one and the famé con­
cave fphere.

2. The Copernican, or folar, fyftem fup- 
pofes the fun in the center, having a motiort 
round its axis, which is completed in about 
25 4 days. This motion was difcovered by 
the révolution of thpie fpots, which are 
frequently feen in its difc, and are fuppofcd 
to adhéré to its furface ; and its axis is in- 
clined to the plane of the ecliptic in an angle 
of about 87 p degrces.

3. The fix primary planets movc round 
the fun in their rcfpedtive elliptical orbits, 
from weft to eaft, at different diftances, and

in 



of the Solar Syfem. 3

in varions periodical times. Their names 
and charaćlers, in the order in which they 
revolve about the ihn, are exprefled in fig. 2, 
and are as follows ;

Mercury, Venus, The Earth, Mars, Jupiter, Saturn.
,2 2 • ď H h

4. The planets are diftinguiihed from 
the fixed ftars, by their motion, and the 
fteadinefs of their light. The apparent dia- 
meter of the fixed ftars is fo finall, by rca- 
ibn of their immenfe diftance, that every 
fmall atom floating in our atmofphcre in- 
tercepts their light, and caufes them to
twinkle. Bat that of the planets being 
greater, as they are nearer to us, they ihine 
with a fteady light.

5. The fixed ftars keep their places and 
diftances with refpeft to each other, but the 
planets change theirs, from one part of the 
heavens to another.

6. Sofné of the primáry planets arc at- 
ťěndéd with fmallcr, called fecondary pla- 
ncts, moons, or fatellites. Our earth is at- 
tended by thć mooń ; Jupiter by four, and 
Saturn by fivé fatellites ; the nine laft are not 
vifible without the afliftance of a telefcópe.

B 2 7« The
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•j. The obfervation of cornets, feen fome- 
times within the limits of the folar fyftem, 
hath been hitherto fo iinperfcćł, that we 
fhall only take notice for the prefent, that 
they are fuppofed to moVe round the fun, 
in very eccentric orbits, and appear to us 
only when they are in that part of their or- 
bit neareft the lùn : they move in various 
direétions and inclinations ; the lower part 
of one of thefe orbits is reprefented in fig. 2.

As the fun has a number of planets and 
comets moving round him, fo every fixed 
rtar is fuppofed to be a fun, and to hâve a 
ïyftem of its own.

The orbits of the planets.

8. The path deferibed by a planet in its 
motion round the fun is called its orbit. 
In fig. 2. their feveral orbits are reprefented 
by concentric circles : the paths which 
they deferibe are elliptical, and the fun is 
in one of the foci. In fig- 3. A T P V i$ 
an cllipfe, A P its tranfverfe, V T its con­
jugale diameter, S and N are its two foci, 
C is the centre of the ellipfe ; the diftance 
between CS or CN is called the eccen- 
tricity.

9. The
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9. The orbit of every planet is in a piane 
paflîng through the fun, which planes are 
inclined to one another : thus in fig. 4. le  
ABCD reprefent the earth’s orbit, or piane 
of thé ećb.ptic ; this is taken for a ftandard, 
firom which the inclination of cach orbit of 
the planets, as F. D F B, is meafared. The 
inclination of the orbit of Mercury is 6°, 
52', that of Venus 3 , 33', of Mars i°, 52', 
of Jupiter i°, 2o\ and of Saturn 20, 30'.

*

10. To a fpe&ator from the fun, the 
planes of the orbit of each planet produced 
to the fixed ftars would mark, in the ce- 
leftial fpherc, their feveral inclined helio- 
centric orbits; their paflage through thefe 
is their heliocentric motion. Thefe extend- 
ed planes, to a fpeâator on the earth, mark 
out in the ftarry fpherc their geocentric 
orbits ; and their apparent motion through 
thefe, is called their geocentric motion.

11. The latitude of a planet fcen from 
the earth, is called its geocentric, if feen 
from the fun, its heliocentric, latitude.

The nodes of a planeťs orbit
12. Are two points in which it inter­

fejs the piane of the ecliptic. In fig. 4-
ABCD
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ABCD is the plane of the ecliptic ; EBFD 
is the orbit of a planet, in whjch the points 
B and D are the two nodes. B the afcend- 
ing, D the defcending node ; the point E 
is callcd its greateft northern, and F its 
greateft fouthern limit.

13. The line of the nodes is a line BD 
drawn through the fun from one node to 
the other.

A planet, feen from the earth, ne ver ap- 
pears in the ecliptic, but when it is in one 
of its nodes : in ail other parts of its orbit k 
has geocentric latitude.

The inferior planets

14. Are Mercury, and Venus ; they are 
called inferior, becauie their orbits are in- 
cluded within that of the earth j fee fig. 2.

Mercury

15. Moves round the fun in 87 d. 23 h. 
16 m. which is called his periodical time. 
If we call the mean diftance of the earth 
from the fun 1000, the mean diftance of 
Mercury is 387, his eccentricity 80. No 
fpots hâve yet been obferved in Mercury ;

there- 
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therefore it is not certainly known whether 
he tuťns about bis axis or not ; Eût it is 
moft probable that he does.

Venus
î T • T . * ■ r *♦  « » •

16. Perforais her révolution round the 
fun in 224 d. 16 h. 49 m. which is callcd 
her periodical time ; her mean diftànce is 
724, and her ecceńtricity 5 ; her motion 
about her axis is performed in 24 days, 8 
hours, according to Bianchini ; and the in­
clination of her axis to the plane of the 
ecliptic, is 15 degrees.

17. The greateft diftance of the éartli, or 
ofany planet from the fun, is called its aphe- 
lion, or higher apfis; its leaft (íiftdnce is 
called the perihelion, or lowçr apfis. Thus 
’n fy?  3- A is the place of the aphelion, P 
that of the perihelion. The axis P A of any 
planet’s ellipfis, is called the line of the 
apfîdes ; the extreme points of its fliorteft 
diametcr T V, are the places of its mean 
diftance from the fun -, and S T, or S V, 
the line of its mean diftance.

*

18. A planet is faid to be in conjundion 
with the fun, when its apparent place, feen 
from the earth, is in or near the fun’s

B 4 place; 
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place -, it is faid to be in oppofition, when 
the earth is between the fun and planet.

The élongation of a planet

19. Is its apparent diftance from the fun, 
as feen from the earth. A planet has no 
élongation when in conjunćłion with the 
fun ; in oppofition, it has 180 degrees. In 
fig. 5. t T t reprefents a part of the earth’s 
orbit ; T the earth, S the fun ; ACE an 
arch of the ftarry fphere, and d the place 
of Venus in her orbit. A fpećłator upon 
the earth at T would refer the fun’s place 
to thofe fixed ftars at C, and that of Venus 
to thofe at D : in this cafe the angle C T D 
is the apparent diftance between the fun and 
Venus, and is called the angle of élonga­
tion.

20. An inferior planet may be in con- 
junćtion with the fun in two fituations ; 
i. when it is between the earth and the 
fun, called the inferior conjunćłion ; 2. when 
the fun is between the earth and planet, 
called its fuperior conjunćłion ; but it can 
never be in oppofition to the fun.

21. The greateft élongation of an inferior 
planet is when a line T E, drawn from the

earth 
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carth at T, through the planet at c, is a . 
tangent to the orbit of the planet.

22. As an inferior planet moves from its 
greateft élongation at a, fig. 5. through c, 
its fuperior conjunćtion, to e, its greateft 
élongation on the other fide of the fun, its 
geocentric motion is direćt.

23. When the earth is at T, Venus ata, 
a fpećłator at T fees the planet at a, in the 
line T a A among the fixed ftars at A : 
when the planet is come to b, it appears in 
the line T b B, or amongft the ftars at B ; 
at c, it is in its fuperior conjunćtion, and feen 
among the ftars at C ; at d, it appears among 
the ftars at D ; and when it arrives at e, it 
appears among thofe at E. In this motion, 
Venus appears to defcribe the arc ABC DE, 
in the concave fphere of the heavens : and 
as thefe letters are in the famę direćłion with 
a b c d e, which exprefs the plancts mo­
tion round the fun, its apparent motion feen 
from the earth is therefore direćt, from 
weft to eaft, or according to the order of the 
figns.

24- An inferior planet pafling from e, its 
greateft élongation, through f, its inferior 
conjunćtion, to a, its greateft élongation on 
I • the 
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the other fide of the fun, its geocentric mo­
tion is retrograde.

As Venus is moving from e to n, ihe 
appears in the line T n d D, and is feen 
among the ftars at D ; when ihe comes to f, 
her inferior conjunćłion, ihe appears amongft 
the ftars at C ; at m, ihe is feen in the con­
cave fphere at B ; and when ihe is at a, in 
her own orbit, ihe appears at A, in the hea- 
vens. Hence, as the planet paifed through 
e n f m a, in its natural motion, its apparent 
motion was backwards, through E D CB A, 
or contrary to the order of the figns.

25. When the inferior planets are at their 
greateft élongation, they appear ftationary, 
or continue in the fame place for fome 
time, before their motion changes from 
direćt to retrograde, or from retrograde to 
direćt again.

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

26. In order to hâve a elear idea of the 
apparent motion of a planet, conçoive the 
lineš T a A, T b B, &c. to move with the 
earth ; fo that the points e n f m a, whilft 
the earth perforais its révolution, may run 
through the orbit of the planet.

27. The
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27. The inclination of the orbits of the 
plplanets to the plane of die eciiptic, is the 
cacaufe, why thcy do not feem to move in the 
ececliptic line, but are fometimes above, and 
atat others below it. In fig. 6. let N V N Q__ 
bibę a circle in the plane of T t the eciiptic, 
aiand N A N, the planeťs inclined orbit, S 
tlthe fun, the earth at T, and the planet at 
AA i if the (hort line V A be imagined per- 
ppendicular to the plane of the eciiptic, and 
t<to pafs through the planet at A, the angle 
WTA, is the latitude of the planet, which 
il is called the geocentric latitude, to diftin- 
£ guiih it from the heliocentric latitude, as 
Í feen from the fun, which is rcprefented by 
t the angle A S V.

28. When a planet is in the node at N, 
i it appears in the eciiptic line 5 as it recedes 
1 from thence its latitude increafes ; and this 
: is different, according to the fituation of the

earth ; fo that the latitude is greater when. 
the earth is at T, and the planet at A, tban 
when the earth is at t, and the planet at V.

29. A planet is faid to be in quadrature 
when it is 90 degrees diftant from the fun ; 
the inferior planets cannot be in quadra­
ture, as their greateft élongation can never

be 
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be a right angle ; therefore they never ap- 
pear far from the fun ; for Venus and Mer­
cury are only feen in an evening towards 
the wert, foon after fun-fet, or a little be- 
forc the fun rifes in the morning. The 
greateft élongation of Mercury is 33 degrees, 
and of Venus 48 degrees.

30. As Venus moves from her fuperior 
to her inferior conjunćtion, íhe fets after 
the fun, and is called the evening-ftar ; 
and as íhe is moving from her inferior to 
her fuperior conjunćtion, íhe rifes before the 
fun, and is called the morning-ftar.

31. The fun, being larger than any 
planet, enlightens a little more than an 
hemifphere ; and as we can only fee half 
a planet at once, that hemifphere which 
we fee is called the difc of the planet. The 
inferior planets are not viíible to us, when 
in their inferior conjunćtion, but their whole 
difc is illuminated in their fuperior con­
junćtion : and when they are in one of their 
nodes, they appear on the difc of the fun 
like a black fpot ; and this is called a tranfit 
of the planet acrofs the difc of the fun. 
As the enlightened hemifpheres of the in­
ferior planets are fometimes more, at others

lefs, 
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lefs, turned towards the earth, they appear 
through a telefcope to have all the phafes 
of the moon.

32. When Venus is the evening-ftar, her 
horns are turned towards the caft, and the 
fun fets before, and to the weftward of 
her. When fine is a morning-ftar, her horns 
are turned towards the weil, and the fun 
rifes after, or to the eaft of her ; hi both 
cafes, the horns are always turned from the 
fun. When ihe is at her greateft élongation, 
half the enlightened hemifphere will face 
the earth, and her difc appear as the moon 
does in the quarters ; but when in any part 
between that and her inferior conjunćłion, 
ihe appears horned, and between her great­
eft élongation and fuperior conjunćtion, her 
appearance is gibbous.

33*  What bas been faid of the planet 
Venus, is alfo true with refpećt to Mer­
cury, with this différence, that he is direćt, 
ftationary, &c. fo much more frequently, 
as his révolutions round the fun are per- 
formed in a fliorter fpace of time.

The earth,
34. The apparent motion of the fun, 

arifing 
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ariíing frorh the earth’s annual motion irt 
its orbit, is as follows : In fig. 7. S repre-*  
fents the fun, T, the earth in its orbit Tt,' 
and R the concave fphere of the fixed 
ftars. Whillt the earth is moving in its orbit 
from T to t, the fun feems to move thro’ 
the ítarry arch from Q^_to R, which mea- 
fores the angle R S Q, equal to the angle 
T S t, fo that the celerity of the apparent 
motion of the íun dépends upon the ce­
lerity of the angular motion of the earth, 
with refpeét to the center of the fun. In 
a whole révolution of the earth, the fun 
alfo feems to run through a whole circle.

35. The earth moves round the fun 
between the orbits of Venus and Mars, 
in 365 days, 5 hours, 49 minutes. Befides 
this annual motion, it turns round its own 
axis in 24 folar hours ; its axis is conftantly 
inclined in an angle of 66Ý degrees to the 
plane of the earth’s orbit, or the ecliptic, 
and keeps continually parallel to itfelf in 
every part of its révolution.

In fig. 8í S reprefènts the fun, A BCĎ 
the orbit of the earth j in the periphery of 
which, the center of the earth is carried 
round the fun, according to the order of 

. . the
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the figns, or in confequentia. re-
prefents the equinoéfial colure, ® S the 
folftitial colure ; the circle in each, abcd, 
reprefents the earth in the four cardinal 
points of its orbity in which de feparates 
the enlightened part c b d of the earth s 
dife, from dac, the obfcure part of it.

The plane of the earth’s annual orbit*  
ABCD, extended every way to the fphere 
of the fixed ftars, would deicribe the ce- 
leftial ecliptic, which would coincide with 
the terreftrial ecliptic, here reprefented by 
each of the circles abcd*  in which e, is 
the pole of the ecliptic, P the pole of the 
world, or of the equator : in ail thefe pro­
jetions, æ is the equator, t the tropie of 
Cancer, L the path or vertex of London j 
and the circles cutting each other in P the 
pole of the world, are circles of right afeen- 
fion in the celeftial, and of longitude in the 
terreftrial fphere.

36. As the fun always enlightens onę 
half of the earth’s globe at the famé time, 
the line de, that divides the. illuminated 
from the obfcure part of the earth’s diiè, is 
called the edge of the dife.

' — r. Á’ rtt f Í «•»« •*  -Afil

...........Fa,
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Pa, Pd, Pb, Pc, reprefent fo much of 
the earth’s axis as falls within thefe pro­
jetions ; thefe may be called the line of 
diretion of the earth’s axis, which is con- 
ftantly carried round the annual orbit, al- 
ways parallel to itfelf.

37. The inclination of the earth’s axis 
will be better underilood by obferving 
fig. 9. in which A B C D reprefents the 
earth’s orbit, feen at a diftance; the eye 
fuppofed to be elevated a little above the 
plane of it. The earth is here reprefented 
in the firft point of each of the twelve figns, 
as marked in the figure, with the twelve 
months annexed : e the pole, and e d the 
axis of the ecliptic, always perpendicular 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 wert 
to çaft. PCE ihews the angle of its in­
clination, which preferves its parallelifm 
through every part of its orbit.

38. When the earth is in the firft point 
of Libra, the fun then appears in the op- 
pofite point of the ecliptic at Aries, about 
the 22d of September, N. S. and when 
the earth is in Aries, the fun will then

appear 
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appear in Libra about the içth of March ; 
at which times of the year the edge of the 
enlightened hemifphere is parallel to the fol- 
ftitial colure, fig. 8. ahd paffes thro’ the two 
pôles of the world, dividing every parallel 
to the equator into two equal parts -, whence 
the diurnal parallel of every inhabitant on 
the furface of the earth will, at either of 
thefe feafons, be half in the illuminated, 
and half in the obfcure part of the earth ; 
confequently the day and night will be 
equal in all places.

39. Conceive the earth to have movcd 
from ä Libra to vs Capricorn, its line of 
direction keeping its parallelifm will now 
coincide with the folftitial colure, fig. 8. and 
the edge of the difc will be perpendicular 
thereto, and pafs through e, the pole of the 
ecliptic. In this fituation of the earth, all 
places within the northern polar circle are 
illuminated throughout the whole diurnal 
révolution ; at which time their inhabitants 
fee the fun longer than 24.hours; but thofe 
which lie under the polar circle touch the 
edge of the difc, and therefore their inhabi­
tants only fee the fun ikim quite round their 
horizon at its firft appearance j every other

C parallel 
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parallel interfcćls the edge of the difc ; and 
as the illuminated part of each is much 
greater than the obfcure part, the days are 
confequently at this feafon, of the fum- 
mer folftice, which happens about the 21 ft 
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 hemilphere, will have fix 
months continuai day ; but while the earth 
paflès from Aries through Cancer to Libra, 
the north pole will be in the obfcure part, 
and have continuai night ; the fouth pole of 
the globe at the fame time enjoying con­
tinuai day.

40. When the earth is at Cancer, the fun 
appears at Capricorn. At this feafon the 
nights will as much exceed the days, as the 
days exceeded the nights, when the earth 
was in the oppofite point of her orbit -, for 
the noćturnal arches, or obfcure part of 
their paths, are here equal to the illuminated 
parts, when the earth was at Capricorn ; and 
the illuminated part is here no more than 
the obfcure part was in that place.

Our
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Our fummer is nearly eight days 
longer than the winter.

41. By fummer, is meant the time in 
which the earth is moving in her orbit from 
the vernal to the autumnal equinox ; and 
by winter, the time in which it is pafting 
from the autumnal to the vernal equinox. 
Upon the globe it is evident that the eclip- 
tic is divided into fix northern and fix 
fouthern figns, and that it interfeds the 
equator at the points marked V and In 
our fummer, the fun’s apparent motion is 
•through the fix northern, and in winter 
through the fix fouthern figns ; yet the fun 
is 186 d. nh. 51m. in pafling thro’the 
fix firft, and only 178 d. 17 h. 58 m. in 
pafling through the fix laft. Their différence 
7d. 17 h. 53 m. is the length of time by 
which our fummer exceeds the winter.

42. In fig. 16. ABCD reprefents the 
earth’s orbit ; S the fun in one of its foci : 
when the earth is at B, the fun appears at 
H in the firft point of Aries ; and whilft 
the earth moves from B, through C to D, 
the fun appears to run thro’ the fix northern 
figns, T ö n s to ä at F. When the 

C 2 earth
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earth is at D, the fun appears at F in the 
firft point qf Libra ; and as the carth moves 
from D thro’ A to B, the fun appears to run 
tlyo’ the fix fouthern figns, — 'W Z *8  a: K 
to Aries at H. Hence the line F H, drawn 
from the firft point of T, through the fun 
at S, to the firft point of divides the 
ecliptic into tvvo equal parts ; but the famé 
line divides the earth’s elliptical orbit ABCD 
into two unequal parts, (the fun not being 
in the center, but in one of the foci of this 
orbit ; ) the greater part B C D, is that 
which the earth defcribes in fummer, whilft 
the fun appears in the northern figns ; the 
lefler part is DAB, which the earth de­
fcribes in winter, whilft the fun appears in 
the fouthern figns. C the earth’s aphelion, 
where it moves the floweft, is in the greater 
part ; A its perihelion, is in the leifer part, 
where the earth moves fafteft.

43. The fun’s apparent diameter is greater 
in our winter than in fummer, caufed by 
the earth being ncarer to the fun, when in 
its perihelion ai; A in winter, than it is in 
the fummer, when in its aphelion at C ; 
which is its greateft diftance. The fun’s 

apparent 
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apparent diameter in winter is 32 min. 47 
fec. in fummer 31 min. 40 fec.

If the mean diftance of thc earth from 
the fun be called 1000, its eccentricity will 
be 17 ; its greateft diftance 1017, and its 
leaft diftance 983.

The fùpcrior planets.

44. The apparent motions of the fùpcrior 
planets agréé in many refpcćłs with thofe 
of the inferior ones, which hâve been al- 
ready explained.

Mars, Jupiter, and Saturn,

Are called fuperior planets. See fig. 2.

45. If the mean diftance of thc earth 
from the fun be called 1000, thc mean 
diftance ofMars is 1523, its periodical time 
686 d. 23 h. its eccentricity 141, and it 
turns round its axis in 24 h. 40 min. The 
planet Mars appears much larger and brighter 
when it is in oppofition to thc fun, than 
when it is in conjunćtion with him. Mars 
appears gibbons, when it is in quadrature, 
but füll and round in conjunćtion or oppo- 
fition.

C 3 46. Ju.
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46. Jupiter is the largeíl of all the planets, 
fee fig. 13. he revolves in 9 h. 56 m. about 
his axis, which is nearly at right angles to 
the plane of his orbit, in which he moves 
about the fun in fomewhat lefs than 12 
years, or 4332 days 12 hours. His mean 
diftance from the fun is 9538, and eccen_ 
tricity 250. Several fpots háve been fecn 
on Jupiter’s furface, which appears to be 
furrounded by feveral belts, or girdles, pa­
rallel to his equator : thefe vary in breadth 
and diflance from one another. See fig. 13.

47. Saturn is the fartheft of all the planets 
from the fun; his mean diftance is 5201, 
eccentricity 141 ; he is 29I years in moving 
through his orbit round the fun, or 10759 
days 7 hours. It is not yet known whether 
Saturn turns round his axis or not; but he 
is attcndcd with a broad thin ring, as repre- 
fented in fig. 12. The edge of this ring re- 
flećts little or none of the fun’s light to us : 
the planes of it reflečt the light of the fun 
in the fame männer in which the planet 
does. The plane of the ring is inclined to 
the plane of the ecliptic at an angle of about 
31 degrees. If we fuppofe the diametcr of 
Saturn to bç divided into four equal parts, 
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the diameter of the ring will be about nine 
fuch parts. The diftance of the inner edge 
of this ring, from the body of the planet, 
is equal to the breadth of the ring. Through 
this fpace, between the planet and his ring, 
the fixed ftars may fometimes be feen.

48. The plane of Saturn’s ring is parallel 
to itfelf in every part of its orbit. If the 
piane of the ring be produced to the fphere 
of the fixed ftars, it will eut Saturn’s helio- 
centric orbit in two oppofite points, called the 
nodes of the ring. As Saturn paffes from the 
afcending to the defcending node of his ring, 
the northern fidc of the piane of the ring 
is turned towards the fun ; as it moves from 
the defcending to the afcending node of the 
ring, the fouthern fide of its piane is to­
wards the fun. When Saturn’s ring appears 
elliptical, as in fig. 12. the parts about its 
longeft axis reaching beyond the planeťs 
dife, are called anfœ> which a little before 
and after the difappearance 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 paffes thro’ 
the fun, and then the ringbecomes invifible 
to us.

C 4 The
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The fuperior planets are fometimes in 
conjunétion with the fun, fometimes in qua­
drature, and fometimes in oppofition.

49. When the earth is in fuch a ftation, 
that a line drawn from a fuperior planet to 
the earth becomes a tangent to the earth’s 
orbit, the fuperior planet appears ilationary. 
If the earth be at a or g, fig. 10. or 11. and 
the planet at I ; I g, and I a, are tangents to 
the earth’s orbit; in which places the planet 
feems to ftand ftill, or to hâve no geocen- 
tric motion.

50. When a fuperior planet, fig. 10. is < 
moving fromone of its apparent ftations A, 
through its conjunćłion D to G, its geocen- 
tric motion is direét.

Fig. 1 o. Whilft the earth is moving from 
a, through d to g, a fuperior planet at I, 
appears to move in A D G, the concave 
fphere of the heavens, from A, through its 
conjunćtion D, to its other ftation G ; whence 
its apparent motion feen from the earth is 
direû, or in con/cqueniia^ which is from 
weft to eaft, according to the order of the 
figns.

51. Obferve in fig. 10. that one end a 
of the line a I A, drawn from the earth at

a,
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a, through the planet’s place at I, to the 
concave ftarry íphere A D G, attends the 
earth, as it moves through a b c d e f g ; and 
the middle of it is fuppofed to turn round 
upon the planet as a center at I, the other 
end A will then mark out the planet’s ap­
parent motion in the heavens. So that the 
arch ABCDEFG, will be that whidi the 
planet appears to defcribe ; and therefore 
the 01 der of the letters expreflès its motion 
in conjequcntia.

52. When a fuperior planet is paiTing 
from one dation to the other thro’ the. oppo- 
fition, its geocentric motion is retrograde.

As the earth is paihng from g, fig. 11. 
through k to a, the planet at I appears to 
move from G, through K its oppofition, to 
A ; in this cafe, the apparent motion of the 
planet at I, feen from the earth, is retro­
grade, or in antecedentia, that is, from eaft 
to wert, or contrary to the order of the 
figns. If the end g of the line g IG, 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 de­
fcribe the arch GMLKNHA, which is 
contrary to the order of the letters in fig. 10. 
and therefore retrograde.

n. The
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53. The time of the retrogreffion of Mars 
s about 3 months ; of Jupiter, 4 months ; 

and of Saturn, 4! months.
The planets viewed through a telefcope 

are ftripped of their adventitious rays, and 
appear like circular planes, of a determinate 
magnitude, whofe diameters may be mea- 
fured by a micrometer.

54. The fuperior planets are fometimes 
nearer our earth than at other times ; whence 
they appear larger or lefs, according to their 
different diftances from us. And as they 
are nearer to us than the fixed ftars, they 
may pafs between us and fome of the ftars : 
and as they go round the fun in orbits larger 
than that of the earth, they always turn 
much the greateft part of their illuminated 
hemifphere towards the earth, and therefore 
appear at ail times round, or füll, except 
only Mars, which in the quadratures is a 
little gibbous.

The fecondary planets.

55. Three of the primary planets, viz. 
the Earth, Jupiter, and Saturn, in their 
révolutions round the fun, are attended with 
leffer planets, which move round each of

their
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their refpeétive primaries, according to the 
order of the figns.

The Moon

56. Moves round the earth in an orbit, 
whofe femidiameter is about 604 femidiamë- 
ters of the earth -, its eccentricity 34 of the 
earth’s femidiameters ; the plane of the 
earth’s orbit, produced to eut the plane of 
the ecliptic, makes an angle with it of about 
54 degrees. The points wherein it interfećłs 
the ecliptic, are called the moon’s nodes; 
thefe nodes hâve a ilow regreffive motion 
of 190, 19', 43", in a year, which carries 
them round the ecliptic, contrary to the or­
der of the figns, in 1 8 years 234 days. The 
moon’s periodical time is 27 d. 7 h. 43 m. 
and her rotation round her axis is performed 
in the fame time. Her eccentricity and in­
clination are both variable. The orbit which 
the moon deferibes round the earth is el- 
liptical, the earth being in one of its foci ; 
and when the moon is at her greatelt dis­
tance from the earth, or in her higher aplis, 
ihe is faid to bc in apogao ; and when in 
fier lower apfis, or leaft diftance, inperigao.

57. When
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57. When the moon is at A, fig. 14. 
in conjunćtion with the fun at S, and the 
earth at T, it is called New Moon ; and 
when in oppoíition at E, it is called Füll 
Moon. The fyzigies of the moon is a 
common term to exprefs both its conjunc- 
tion and oppoíition.

58. The moon’s afcending node is called 
the Dragon’s Head, and is tlius marked il ; 
its defcending node the Dragon’s Taił U.

59. A periodical month contains 27 d. 
7 h. 43 m. in which time the moon de- 
fcribes her orbit j a fynodical month con­
tains 29 d. 12 h. 43 m. 3 fec. which is the 
time that pafles between one new or füll 
moon, and the next of the ûme name 
which fucceeds it ; this is longer than a 
periodical month about 2 days 5 hours.

60. In fig. 15. S reprefents the lun, A B 
part of the earth’s orbit, M L reprefents a 
diameter of the moon’s orbit, when the 
earth is at C ; and m 1 another diameter, 
parallel to ML of the famé orbit, when 
the earth is removed to D. Whilft the earth 
is at C, and the moon at L, in conjunélion 
with the fun, as the earth moves írom C 
to D, and the moon’s orbit moves with it, 

the
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the diameter M L will then be in the po- 
fition m 1 ; fo that when the moon has de- 
fcribed its orbit it will be at 1 ; but then the 
fun being at S, the moon will not yet be in 
conjunćtion ; thcreforethe periodical month 
is completed before the fynodical, and be- 
fore the moon can come into conjunćtion. 
with the fun. When the earth is at D, 
fhe muft movc fiom 1 to e, in the diameter 
g e ; whcnce, befides gojng round her or­
bit, fhe muft deferibe the arc 1 e, confc- 
qucntly the fynodical is longer than the 
periodical month by the quantity of the 
arc 1 e.

61. Wędo not fee the moon at the con­
junćtion, but at the oppofition her wholc 
difc is enlightened.

In fig. 14. a T b reprefents a part of the 
earth’s orbit, S the fun, T the earth, ACEG 
the moon’s orbit. Ifthe moon is at A, it 
will be on the famę fidc of the earth with 
the fun, or in conjunćtion ; and the fun will 
then be beyond the moon : therefore the 
fun does not fhine on that hemifphere of 
the moon towards us ; whence to us her 
whole difc muft be dark.

62. When
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62. When the moon is at E, it will be 
in oppofition, and the earth between it and 
the fun; confequently that hemifphere which 
is vifible to us, will be the famé hemifphere 
upon which the fun ihines, therefore hcr 
whole difc towards us will be enlightened, 
or the moon will be full.

63. Fig. 14. The moon’s difc is half 
enlightened when die is near the quadra­
tures at C or G, her apparent diftance 
from the fun at S being then 90 degrees : 
when the moon is between the conjunćłion 
at A, and either of the quadratures G or C, 
the illuminated part of it appears horned, 
as at H and B. When between the full at 
E, and the quadratures G or C, the difc 
appears gibbous, as at D and F. When 
the moon is at A, it is new ; as ihe moves 
from A to C, it is faid to be in the firft 
quarter ; from C to E, in the fécond quar­
ter; from thence to G, in the third quar­
ter ; and from G to A again, in the lait 
quarter.

After the new moon, her horns are 
turned towards the eail, and before new 
mcon towards the weil ; and when ihe is 
horned, that part of her difc upon which 

the
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the fun does not íhine, has yet light enough 
to make it faintly vifible.

The famę fide of the moon is always 
turned towards the earth, and her furface 
is not fmooth, but uneven and mountainous, 
as may be feen with the affiftance of a te- 
lefcope, either in the firft or lait quarter.

The fatellites of Jupiter and Saturn.

64. The diftance of Jupiter’s innermoft 
fatellite from his center is 5.667 femidia- 
metersof the planet; the fécond, 9.017; 
the third, 14.384; and the fourth, 25.299 
femidiameters.

The periodical time of Jupiter’s firft 
fatellite is 1 d. 18 h. 27 m. 34 fec. The 
fécond is 3d. 13h. 13m. 42 fec. The 
third is 7 d. 3 h. 42 m. 36 fec. And the 
fourth is 16 d. 16 h. 32 m. 9 fec.

65. The piane of the orbit of every fe- 
condary planet is parallel to itfelf in every 
part of the orbit of its primary. The orbits 
of all Jupiter’s fatellites are nearly, but not 
exaétly, in the famę piane; which pro- 
duced makes an angle with the orbit of 
Jupiter of about 3 degrees ; the fécond dé­
viâtes a little from the reft.

66. A
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66. A iatcllite in one of its nodes appears 
in the orbit of its. primary: in ail other 
parts of its orbit it bas latitude.

If the plane of any circle produced paffes 
through the cye, it appears to be a ftraight 
line j confequently every circle, viewed ob- 
liquely, will appear elliptical ; fo that

When a fatellite is in its node, at the 
famé time that its primary’s heliocentric 
place is in the lame degree of the ecliptic 
with it, and the earth in its geocentric node ; 
at that time the orbit of the fatellite appears 
a flraight line. When the primary is in any 
other part of his orbit, the fateilite’s orbit 
will appear an ellipfis, whofe fhorteft axis 
increafes in proportion as the primary is 
farther diftant from the fateilite’s node.

The orbit of the earth is fo fmall, when 
compared to thofe of Jupiter and Saturn, 
that in whatever part of her orbit (lie may 
happen to be, when either of thefe planets 
are in the nodes of their faillites, thefe laft 
will appear to defcribe lines very nearly 
ftraight.

67. When a fatellite is in that femicircle 
which is farthefl from the earth, its geo-

.centric motion is direćl ; when it is in that
neareft
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neareft to the earth, ita geocentric motion is 
retrograde.

Any iatellite is at its greateft élongation 
from its primary, when a line, fuppofed to 
be drawn from the earth through the fa­
tellite, is a tangent to the fatellite’s orbit.

In fig. 17. BaC reprefents a part of 
Jupiter’s orbit, N ALM, the earth’sorbit, 
8 the fun, D G F H the orbit of Jupiter’s 
outermoft iatellite. When the earth is at 
A, and the fatellite at E or D, in the 
tangent line AEor AD, then this fatellite, 
feen from the earth at A, will appear at a 
greater diftance from the primary, than it 
can do in any other fituation.

68. Every fatellite appears in conjunétion 
with its primary, when it is between the 
earth and its primary ; and alfo, when the 
primary is between the earth and fatellite ; 
the firft is called its inferior, the laft its fu- 
perior conjunétion.

The apparent motion of any fatellite is 
direét, as it paffes from D, fig. 17. its greateft 
élongation, through P, its fuperior con­
junétion, to E, its greateft élongation on the 
other fide ; its geocentric motion feen from 
the earth at A, being then from weit to 

D eaft, 
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eaft, in confequentia, or according to the 
order of the figns.

Any fatellite’s apparent motion is retro­
grade, as it paffes from E, its greateft 
élongation on one fide of its primary, tbro’
H, the inferior conjunćtion, to D, its greateft 
élongation on the other fide ; it is therefore 
plain, that its motion feen from the earth 
at A, is from eaft to weft, in antecedentia, 
or contrary to the order of the figns.

69. The fatellites are feen fometimes to 
the weft, and fometimes to the eaftof their 
refpeétive primaries : they cannot be feen 
in their fuperior conjunćtion, and are fel- 
dom diftinguifhed from their primary in 
their inferior conjunćtion.

70. The diftance of Saturn’s innermoft 
fatellite from the center of the primary, is
I, 93 femidiameters of the ring, the fécond 
2,47, the third 3,47, thefourth 8,00, and 
the diftance of the fifth 23,45 femidiameters 
of the ring.

The periodical time of Saturn’s inner­
moft fatellite is 1 d. 21 h. 18 m. 27 fec. 
The fécond, 2d. 17h. 41m. 22 fec. The 
third, 4d. 12h. 25m. 12 fec, Thefourth, 
15 d. 22 h. 41m. 14 fec. And the fifth 

fatellite’s
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làtellite’s periodical time is 79 d. 7 h. 
48 m.

71. The fatellites of Jupiter and Saturn 
caft a ihadow upon their primary, which 
may be feen to pafs over the difc of the 
planet like a fpot j they alfo frequently fall 
into the ihadow of their primaries, and are 
eclipfed ; which may be obferved by the 
help of a telefcope.

72. Fig. 12, 13. reprefent the different 
magnitudes of the primary and fecondary 
planets, with the proportion which they 
bear to each other, and to a globe of twelve 
inches diameter, which is fuppofed to re­
prefent the fun.

The parallax of the heavenly bodies

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

The diurnal parallax is the change of the 
apparent place of a fixed ftar or planet, or 
of any celeftial body, arifing from its being 
viewed on the furface, or from the center 
of the earth. The fixed ftars hâve no diur­
nal parallax, the moon a confiderable one : 
that of the planets is greater or lefs, accord- 
ing to their diftances.

D 2 74. In 
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74. In fig. 18. I A K reprcfents the earth, 
T its center, A B the fcnfible, T L the 
real horizon of a fpećtator upon the earth 
at A, M the moon, S the fun, both in the 
fenfible horizon : if feen from A, they will 
appear in the horizon at B ; but if feen 
froni T, the center of the earth, they would 
appear amongft the fixer! ftarsat C and D; 
that is, the moon would appear in the line 
TMD, and the fun in the line T S C : 
thefeare called their true places; the arch 
BC is called the fun’s parallax, and BD 
that of the moon. The angles B S C, and 
B M D, are called the parallaétic angles, 
which are refpečtively cqual to the angles 
A S T, and AMT; under which, A T, a 
femidiameter of the earth pafîîng thro’ A, 
the place of the fpećtator, would appear, 
if feen from the fun or moon.

75. If a planet is above the horizon at 
E, its true place feen from T, the center 
of the earth is at F, its apparent place at G 
and its parallax is F G. Hence it is plain, 
that the higher the planet is elcvated above 
the horizon, the lefs is its parallax; and 
vvhen it is direćłly over the head of the 
fpećtator at H, it will hâve no parallax at

ail;
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all ; its apparent place in the heavcns being 
Z, whether it be feen from A or T. It is 
obfervable, that the apparent place G, of a 
planet at E, feen from the earth at A, is 
always lower or farther from the zénith Z, 
than F, its true place feen from T, except 
when the planet is vertical, or at II ; fo that 
the horizontal parallax is greateft of all.

76. The diurnal parallax of a planet in 
a vertical circle caufes one of right afeen- 
fion and déclination, unlefs it be on the 
meridian, when there is only a parallax of 
déclination : it alfo caufes a parallax of lon­
gitude and latitude, unlefs the vertical circle 
is a fecondary of the ecliptic.

In fig. 18, W L reprefents the horizon, 
V T an arch of the equator, cutting the 
horizon at T ; TP the axis of the world, 
and P the celeftial pole, Z the zénith, ZX 
a vertical circle, R the planet’s apparent 
place therein, if feen from the earth’s fur- 
face; and Y its apparent place in the fame 
vertical, if it could be feen from the earth’s 
center: then RY is its parallax. PRO is 
a fecondary of the equator, pafllng through 
the planet, and P Y Q, anorher fecondary, 
pafling through its apparent place at Y ;

D 3 whence 
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whence ils déclination, feen from the cen­
ter, is OR, and from the furface QY j 
the différence NY, between QY and QN, 
is the parallax of déclination. When the 
planet is at R, the fecondary PRO, paffes 
through the point O of its right afcenfion 
upon the equator, but the fecondary P Y Q, 
paffes thro’ Y, the planet’s apparent place, 
and QJts right afcenfion upon the equator ; 
whence the parallax R Y, makes a diffé­
rence, or parallax, QJ), in right afcenfion.

77. If a, be the apparent place of a planet 
upon the meridian ZVW, when feen from 
the furface, and b, when viewed from the 
center of the earth, a b is its diurnal paral­
lax in a vertical circle ZW to the horizon ; 
but this famé circle is alfo a fecondary to 
the equator, whence there can be no pa­
rallax of right afcenfion.

Now fuppofe P the pôle of VT, which 
is now cailed an arch of the ecliptic cut- 
ting the horizon W L in T, Z X a vertical 
circle, let R Y be the planet’s parallax, 
P R O a fecondary of the ecliptic paflîng 
through the planet, when feen at R from 
the furface of the earth ; P Y Q_ a not her 

fecondary, 
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fecondary, paffing through it, if it could 
be viewcd from the earth’s center, fo as to 
appear at Y ; when at R, its latitude is R O, 
when at Y, its latitude is QY, the diffé­
rence N Y, is the parallax of latitude.

y8.When the planet appears at R in PRO, 
the fecondary of the ecliptic, the point O 
is its longitude from the firft point of Aries j 
but when at Y in the fecondary P Y Q, 
Q3s the point of its longitude ; whence 
the différence QO is the parallax of lon­
gitude.

But if the planet be in a vertical circle 
Z W, which paffes through P, the pole of 
the ecliptic, it can only hâve a parallax of 
latitude, and none of longitude. Let ab 
be the parallax of latitude ; whence from 
either ftation, ab will be its pur.dlax oflati­
tude ; and as there can pafs but one fe­
condary through both, there can be no 
parallax of longitude.

The annual parallax of any heavenly body 
arifes from its being feen from the earth, 
when it is in different parts of its orbit.

The
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The rcfraćtion of the atniofphere.

79. If a ray of light enfers a tranfparent 
medium obliqucly, it does not pafs ftraight 
on, but is bent at the point at which it en- 
ters : this bending is called refraćłion.

In fig. 19. AC reprefents the iurface of 
the earth, T its center, B P a part of the 
atniofphere, H E K the fphere of the fixed 
flars, A F the fenfible horizon, G a planet, 
GD a ray of light proceeding from G to 
D, where it enters our atmofphere, and is 
refraćłed towards the line D T, which is 
perpendicular to the lurface of the atnio­
fphere ; and as the upper air is rarer than 
that near the earth, the ray is continually 
entering a denfer medium, and is every 
moment bent towards T, which caufes it 
to defci ibe a curve, as D A, and to enter a 
fpeétator’s eye at A, as if it came from E, 
a point above G. And as an objećt always 
appearß in that line in which it enters the 
eye, the planet will appear at E, higher 
than its true place, and hequently above 
the horizon AF, whcn its true place is 
bclçw it at G.

The
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The greateft refraćtion is when thc planet, 

&c. is feen in the horizon, being 33 min. 
When its altitude is 20 deg. the refraćtion 
is 2 m. 14 fec : at 40 deg. of altitude it is 
58 fec: at 60 deg. of altitude it is 29 fec. 
and fo becomes infenfible, as the altitude 
inęreafes.

Solar and lunar cclipfes.

80. An eclipfe is a deficiency of light in 
the heavenly bodies. In an eclipfe of the fan, 
its light is intercepted from the fight of the 
inhabitants of any part of the earth, by the 
moon paffing between them and the fun ; 
and as its difc is either partly, or wholly 
covered, it is called a partial or total eclipfe.

An eclipfe of the moon is caufed by her 
paffing through the fhadow of the earth, 
whereby fhe is deprived of the fun’s light.

The fun can never be eclipfed but at the 
time of New Moon ; neither can there be 
an eclipfe of the moon, but at the time of 
the Fuli Moon: In the firft cafe, the New 
Moon muft be within 18 degrees, in the 
laft, the Fuli Moon within 12 degrees, of 
one of her nodes.

Thefe
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Thefe luminaries are not eclipfed every 
New and Full Moon, becaufe the moon’s 
motion is not in the plane of the ecliptic, 
in which the fun and earth always are. 
Hence the moon’s latitude is oftentimes ib 
much increafed at the time of the New 
Mopn, that her íhadow does not touch the 
earth; and at the time ofFulI Moon, ihe 
as frequently pafles by the earth’s íhadow 
without entering into it: but when the 
moon’s latitude is inconfiderable, which 
only happens when ihe is within the limita 
above mentioned, ihe then appears either 
in or ncar the ecliptic.

Let H G, fig. 20. reprefent the path of 
the moon EF, the plane of the ecliptic, 
in which the center of the earth’s íhadow 
always moves; N, the node of the moon’s 
orbit; A, B, C, D, reprefents four places 
oftheearth’s íhadow in the ecliptic: when 
her íhadow is at A, and the moon paiTing 
by at J, ihe will not enter into the íhadow ; 
but when the Füll Moon is nearer to the 
node at K, only part of her globe paifes 
through the íhadow B, and that part be- 
comes dark : this is called a partial eclipfe. 
When the Full Moon is at M, ihe enters

into
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ínto the íhadow C ; in pafling through 
it, ílie becomes wholly darkened at L, and. 
leaves the íhadow at O, This is called a 
total eclipfe : and when the moon’s center 
pafíes through that of the íhadow, which 
can only happen at the very time íhe is in 
the node at N, it is called a centra! eclipfe.

We háve not yet mentioned the atmo- 
fphere, which requires our confédération, 
whilc we are treating of lunar eclipfes ; for 
the íhadow of the earth does not rcach the 
moon. In fig. 21. T reprefents the earth, 
13 C D B g f its atmofphere, AB, AB, 
rays proceeding from the fun at S, touching 
the atmofphere at B and B; thefe go 
ftraight on, and terminate the íhadow of the 
atmofphere at H, The moon is conftantly 
enlightened by the fun’s rays until fine en-. ' 
ters this íhadow, when íhe becomes fainter, 
as íhe continues to move between AB H 
and A B H.

The rays which enter the atmofphere 
obliquçly, are refračted, and bent into 
curves that touch the earth ; all the light 
between F f and G g, is intercepted by the 

earth 5 
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earth ; and the rays CE, DE, terminale 
the earth’s fhadow.

The light between F f, and A B, is rc- 
fraćłed by the atmofphere, and diffufed be­
tween C E, and A B, and continued beyond 
E, the point of the earth’s fhadow : whence 
it is plain, that the light proceeding from 
the fun becomes continually weaker, the 
farther it is from the earth ; fo that the 
fhadow of the atmofphere is but a weak 
light, and therefore the moon is vifible 
in an eclipfe.

The fhadow of the atmofphere is coni- 
cal, bccaufe the diameter of the fun is greater 
than that of the earth. This cône does not 
reach fo far as the planet Mars : but the 
diameter of the fhadow, in the place where 
it cuts the moon’s orbit, is not 4th lefs than 
the earth’s diameter.

A folar eclipfe happens, when the New 
Moon is in or near the node. In fig. 22. 
S reprefents the fun, M the moon, her 
fhadow falling upon DC, a part of the 
earth’s circumference, which is furrounded 
by a penumbra. Beyond A and F, the 
earth is illuminafed by an entire hemifphere

of 
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of the fun. As you move from A to C, 
or from F to D, the light is continually 
diminiihing ; and near C and D, the rays 
come to the earth only from a fmall point 
of the fun’s furface.

This diminiihed light, which furrounds 
the íhadow every way, is called the pen- 
ùmbra. An obferver at B or E, can only 
fee half the fun’s diamcter, the reft being 
hidden by the interpofition of the moon. 
If the obferver moves from B to C, or 
from E to D, the fun will be more and 
more withdrawn from his fight, until it 
becomes wholly invifible in the íhadow it- 
felf ; whence it is plain, that there may be 
a folar eclipfe, although the íhadow of the 
moon does not touch the earth, if the pen- 
umbra comes to its furface.

When the moon’s íhadow falls upon the 
earth, it is called a total eclipfe of the fun; 
if the penumbra only reaches the earth, it 
is called a partial eclipfe of the fun : with 
refpećt to particular places, it is faid to be 
total where the íhadow paffes; central, 
wherc the center of the moon covers that 
Qf the fun; and partial, where the pen­

umbra 
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umbra only goes by, as it is reprefented 
in fig. 23.

The wider the fhadow C D, fig. 22. is, 
the longer the fun will be totally eclipfed, 
and a larger fpace of the earth will be an­
der the íhadow ; but its breadth will vary, 
as the diftance of the moon from the earth, 
and of the earth from the fun varies : for 
when the earth is in pcribelion^ and the 
moon in apogee, that is, at its greateft dif­
tance from the earth, the ihadow of the 
moon does not reach the earth, and the 
moon docs not cover the fun : this is call- 
ed an annular eclipfe, as is reprefented in 
fig. 24.

THE
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DESCRIPTION and USE
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Celestial and Terrestrial

GLOBES.
the periphery of a fetni-circle bc 

I (L turned round its diameter as an 
axis, it will generate the furface of 

a globe or fphere, and the center of the 
lemi-circle will be the center of the globe : 
’t therefore follows, that as all the points in 
the circumference of the femi-circle, are at 
an equal diftance from its center, fo all the 
points of a globe, thus generated, muß be 
the fame.

82. Any
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82. Any ftraight line pafling through the 
center of a globe, being tcrminated by its 
furface, is called a diameter ; and that dia- 
meter about which the globe turns, is called 
its axis ; the extremities of which are called 
the pôles of the globe.

83. There are two artiňcial globes. That 
on which the furface of the earth is repre- 
fented, is called the terreftrial globe.

84. The other on which the face of the 
ftarry fphcre is delineated, is called the ce­
leftial globe.

85. In the ufe of the terreftrial globe, we 
are to confider ourfelves ftanding upon fome 
part of its furface, and that its motion rc- 
prcfents the real diurnal motion of the earth, 
which is from weft to eaft.

86. In the ufe of the celeftial globe, we are 
to fuppofe ourfelves at the center, and that 
its motion reprcfents the apparent diurnal 
motion of the heavens, which is from eaft 
to weft.

87. Note, The ftars being delineated upon 
the convex furface of the celeftial globe, 
we muft fuppofe ourfelves at the center: 
becaufe under fuch a fuppofition they would

appear.
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appear, as they naturally do, in the concave 
furface of the heavens.

88. Several circles are defcribed upon the 
furface of each globe. Thofe whofe planes 
pafs through the center of the globe, are 
called great circles ; fome of which are gra- 
duated into 360 degrees, 90 of which make 
a quadrant.

89. Thofe circles whofe planes do not 
pafs through the center of the globe, are 
called lefler circles.

90. Our new terreftrial and celeftial globess 
fig. i, and fig. 25. are each of them fufpend- 
ed at their pôles in a ftrong brafs circle 
N Z Æ S N, and turn therein upon two 
iron pins, which are the axis of the globe. 
They hâve each a thin brafs femi-circle 
N H S moveable about the pôles, with a 
fmall thin iliding circle thereon.

91. On the terreftrial globe, fig. i.this 
femi-circle N H S is a moveable meridian, 
and its fmall iliding circle H, the vifible ho­
rizon of any particular place to which it is 
fet. But,

92- On the celeftial globe, fig. 25. this 
femi-circle NHS is a moveable circle of 

» ■ E decli- 
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déclination, and its final! circle H, an arti­
ficial fun or planet.

93. Each globe hath a brais wire circle, 
TWY, placed at the liraits of the crepuf- 
culum, or twilight, which, together with 
the globe, is fet in a wooden frame : theup- 
per part B C is covered with a broad paper 
circle, whofc plane divides the globe into 
two hetnifpheres, and the whole is fupported 
by a neat pillar and claw, with a magne- 
tic needle in a compafs box at M.

94. On our ncw terreftrial globe, the 
divihon of the face of the earth into land 
and water, is accurately laid down from 
the lateft and beft aftronomical, geographi- 
cal, and nautical difcoveries. Tbere are 
alfo many additional circles, as well as the 
rhomb-lines, for the greater cafe and conve- 
nience in folving ail the neceffary geogra- 
phical and nautical problems.

95. On the furface of our new celeftial 
globe, al! the fouthern conftellations, lately 
obferved at the Cape of Good-Hope by M. de 
la Caille, and all the ftars in Mr. Flamfted’s 
Britilh catalogue, are accurately laid down, 
and marked with Greek and Roman letters 
of reference, in imitation of Bayer. Upon

each
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each fide of the ecliptic are drawn cight 
parallel circles at the diftance of one degrec 
from each other, including a fpace of fiX- 
teen degrees, called the zodiac; thefe are 
croffed at right angles with fcgments 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.

96. We have alfo inferted from Ulugh 
Beigh, printed at Oxford, A. D. 1665, the 
manazil al kamer, i. e. the manfions of the 
moon of the Arabian aftronomers ; which 
are fo called, becaufe they obferved the 
moon to be in or near one of thefe every 
night, during her monthly courfe round the 
earth, to each of which the Arabian cha- 
raćters are affixed. They may be of very 
great ufe to beginhers to teach them the 
names of the ftars, as well as to mariners 
for the famę purpofe ; who may have occa- 
fion to obferve the diftance of the moon 
from a fixed ftar, in the ncw method of 
difcovering the longitude at fea. They will 
likewife ferve to ihew, how the moon pafles 
from ftar to ftar in the courfe of one or 
feveral nights, which is a vęry curious and 
ufeful amufement ; and as they are a divi»

Ę 2 fion
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lion 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 inferted 
on any globe before, we hope we hâve with 
propriety placed them on our new celeftial 
globe. See Coftard’r Hijl. of Jjlronomy.p. 40.

The broad paper circle BC on the 
furface of the wooden frame which 
fupports the brafs meridian

97. Contains four concentric circular 
fpaces. The innermoft of which is di- 
vided into 360 degrees, and numbered in- 
to four quadrants, beginning at the eaft 
and weft points, and proceeding each way 
to 90 degrees at the north and fouth 
points ; thefe are the four cardinal points 
of the horizon. The fécond circular 
fpace contains, at equal diilances, the 
thirty-two points of the mariner’s compafs. 
Another circular fpace is divided into twelve 
equal parts, reprefenting the twelve figns of 
the zodiac ; thefe are again fubdivided into 
30 degrees each, between which are en- 
graved their. names and charaéters. This
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fpace is connećted with a fourth, which 
contains the kalendar of months and days ; 
each day, on the new eighteen-inch globes, 
being divided into four parts, exprefling the 
four cardinal points of the day, according to 
the Julian reckoning; by which means the 
fun’s place is vcry nearly obtained for the 
three common years after biffextile, and the 
intercalary day inferted without confufion. 
Whcnce we derive the following

PROBLEM I.

To find tlie fun’s place any day in the 
year on the broad paper- circle.

98. Confider whether the year in which 
you feek the fun’s place is biffextile, or 
the firft, fécond, or third year after.

99. If it be the firft year after biffextile, 
tlioie divifions, to which the numbers for 
the days of the month are affixed, are the 
refpeétive days for each month of that year 
at noon 5 oppofitc to which, in the circle 
of twelve figns, is the fun’s place.

100. If it be the feçond year after biffex- 
tile, the firft qnarter of a day backwards, 
or towards the left hand, is the day of the

E 3 month
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month for that year ; againft which, as be*  
fore, is the fun’s place.

i o r. If it be the third year after biflextile, 
half a day backwards is the day of the 
month for that year, oppofite to which is 
the fun’s place.

102. If the year in which you feek the 
fun’s place is biflextile, then three quarters 
of a day backwards is the day of the month 
from the ift of January to the a8th day 
of February inclufive. The intercalary, 
or 2ęth day, is three fourths of a day to 
the leit hand from the i ft of March 5 and 
the ift of March itfelf is one quarter of a 
day forward, from the divifion marked 1 ; 
and fo for every day in the remaining part 
of the leap-year ; againft each of which 
is found the fun’s place.

In this manner the intercalary day is very 
well introduced every fourth year into the 
kalendar, and the fun’s place very ncarly 
obtained according to the Julian reckoning. 
Thus ;
A. D, < Sun’s place, April 25.

1769. firft year after biflextile ö : 50 ; 2iz
1770. fécond 0:5°; o6z
1771. third — - — - - -  0:4°; 55z*
1772. biflextile ------- Ö ; 5° : 35z ,

One
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One ufe of the broad paper circle is to 
diftinguiih the points of the horizon ; in this 
cafe it reprefents the rational horizon of any 
particular płace, which is an imaginary great 
circle in the fpherc of the heavens, dividing 
the vifible from the invifible heniitphere. 
This is fuppofed to be parallel to a leffer 
circle, called the fenfible horizon, whofe 
plane may be conceived to touch the furface 
of the globe at that place upon which an 
obferver ftands, and to terminale hie fight 
when he views the heavens round about. 
The extent of the fenfible or vifible hori­
zon is greater or lefs, as we ftanid higher or 
lower.

103. Another ufe we fhall make of tshis 
circle is to reprefent the circle of illumina­
tion, or that circle which leparates dayfrom 
night.

A third ufe to which this circle may be 
applied, is to reprefent the plane of the 
ecliptic, All of which fhall be illuftrated 
in their proper places.

In all pofitions of the celeftial globe, this 
broad paper furface is the plane of the hori­
zon, and diftinguifhes the vifible from the 
invifible part of the heavens.

E 4 Note,
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Note, As this circle occafionally repre- 
fents varions great circles of the fphere, we 
hâve given it the name of broad paper circle, 
to prevent the reader from confidering it as 
an horizon, when it really reprefents the 
plane of the earth’s illuminated difc, &c.

The north-fide of the wooden famé 
ought to be placed direétly towards the •’ ’ 
north-fide of the heavens, which is readily 
done by the mariner’s compafs under our 
new globes.

The ftrong brais circle, or meridian, 
NZÆSN.

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 ftrong brafs circle : the body of 
the globe, being fufpended at two oppofite 
points in this circle, turns round therein on 
its iron pôles, one of which N reprefents the 
north, and the other S the fouth pole.

105. One fide of this ftrong brafs circle 
is graduated into four quadrants, each con- 
taining 90 degrees. The numbers on two 
of thefe quadrants increafe from the equa-

tor
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tor towards the pôles ; the n Umbers on thc 
other two increafe from the pôles towards 
the equator.

“ The reafon why two quadrants of the 
“ meridian are numbered from the equator, 
“ and the other two from the pôles, is be- 
“ caufe the firft of thefe two iliew the 
“ diftance of any point on the globe from 
“ the equator or equinodial, and the other 
“ ferves to elevate the globe to the latitude 
“ of any place.”

106. The itrong brafs circle of the celcftial 
globe is called the meridian, becaufe thc 
fun’s center is direćtly oppofite thereto at 
noon.

107. On the ftrong brafs circle of our 
new terreftrial globe, and about 23 1 de- 
grees on each fide of thc north pole, the 
days of each month are laid down accord- 
ing to the fun's déclination. If any day of 
the month is placed in the plane of the 
horizon, it will fhew the fun’s déclination 
for that day upon the other fide of the brafs 
meridian ; and this brafs circle is fo con- 
trived, that the globe may be placed in the 
pofition of a direćł or right fphere, (which 
is, when the north and fouth pôles are placed 
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in the plane of the broad paper circle) and 
alfo that the fouth pole may be elevated 
above the plane of the broad paper furface, 
with as much eafe as the north pole. A 
circumftance which we thought not un- 
worthy of our attention in the conftrućtion 
of our new globes.

108. The graduated fide of the ftrong 
brais circle, encompaffing our new terrefttial 
globe, faces the weft ; being moft agreeable 
to the real diurnal motion of the earth, 
which is from weft to eaft.

109. But that which furrounds the cele- 
ftial globe, faces the eaft, as the apparent 
diurnal motion of the heavens is from eaft 
to ■weft.

xi a. In ail inclinations of either globe, 
the north pole ihould be dřreétcd towards 
the north point of the heavens, which the 
mariner’s compafs at M, placed under each 
of tlxe globes, will enable us to do with the 
greateft readinefs,

The horary circle.

iii. We ufe no other circle to meafurc 
the hours and minutes of time, but the 

equator,
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equator, upon the furface of either globe ; 
it being not oniy the moft natural, but 
the largeft circle that can poflibly be 
applied for that purpofe. This is donc 
by a femi-circular wire Æ F placed in the 
plane of the equator, carrying two indices ; 
one of which 1 is occafionally to be ufed to 
point ont the tinte.

As the firft meridian in our new globes 
paffes through London, it therefore becomes 
the XII o’clock hour circle .$ and this falls 
upon the interfcćtion of the equator and 
ecliptic at the firft point of Aries ; the 
other Xllth hour circle paflfes through the 
oppofite interfećlion at the firft point of 
Libra.

Remember, when the globe fliall be 
hereafter reélified for London, or any o- 
ther place, on the famé meridian with 
t, that then the graduated fide of the 
ftrong brafs meridian is the horary index 
itfelf.

It may happen, that the globe (hall be fa 
rećtifiej, as that the two pointsof XII o’clock 
will fall in> or f0 near, the eaft and wcft 
points of the broad paper circle, that neither 
of the horary indices can be applied thereto j 
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in fuch a cafe either of thefe points them- 
felves will be the horary index.

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

i 13. The motion of the terreftrial globe 
is from weft to eaft, the horary numbers 
inereafe according to the direćtion of that 
motion.

114. The motion of the celeftial globe 
bcing from eaft to weft, the horary num­
bers inereafe in that direćtion.

The thin brafs femi-circle NHS.

115. Tins turns upon the pôles of the 
globe, and may be called a proper or a 
moveable meridian. It is graduated each 
way to 90 degrces from the equator to 
either pole.

116. To this femi-circle on the new ce­
leftial globe, fig. 25. is fitted a fmall thin 
brafs circle H, about half an inch diameter, 
which Aides from pole to pole ; when we 
conlider the fun’s apparent diurnal motion, 
we call it an artificial fun.

117. But to the thin femi-circle applied. 
to the new terreftrial globe, fig. 1, is fitted a

fmall
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118. Is a thin narrow flexible flip of brafs, 
that will bend to the furface of the globe ; it 
has a nut with a fiducial line upon it, which 
may be readily applied to the divifîons on the 
ftrong brafs meridian of either globe ; one 
of its edges is graduated into 90 degrees, 
and continued to 20 degrees below the hori­
zon. Upon the terreftrial globe, its ufe is to 
fhew the diftance of places ; and when ap­
plied to the celeftial globe, it ihews the 
diftance between two ftars. If fixed to the 
zénith or pole of the horizon, it ihews the 
altitude of any point upon the globe, its 
graduations being numbered upwards from 
the horizon to 90 degrees, and downwards 
to 20 degrees for the depreflion of any ce- 
leftiai objećt. It will reprefent any vertical 
circle pafiing through the pole of the hori­
zon, in its motion round the zénith point, as 
well as the prime vertical, which pafles 

through
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fmall thin circle H, about two inches diame- 
ter, that Aides from pole to pole ; which is 
divided into a fèw of the points of the ma- 
riner’s compafs, and is called a terreftrial or 
vifible horizon.
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through the eaft and weit points of the 
horizon. Upon both globes it occaßnnady 
ihews the diftance of every fecondary to the 
horizon j and has other ufes, which will be 
hereafter ihewn.

119. Note, When uoe fpeak of bringing 
any point or place to the firong braß meridian, 
ove niean tbat it Jbould be brought to its gra- 
duated fule, ovbich is propcrly the meridian.

Alfo, ovhen we fpeak of bringing the move- 
able meridian, quadrant of altitude, or any 
other tbin flexible circle, to any peint or place; 
oÿe mean that thcir graduated edges ß.vuld be 
brought to tbat point, or place.

Of the feveral circles defcribed upon 
the furface of each globe.

120. We may imagine as many as we 
pleafe upon the furface of the earth, and 
eonceive them to be extended to the fphere 
of the heavens, marking thereon eoncentric 
circles.

T 21. The planes of all great circles pafs 
through the center, and divide the globe into 
two equal hemifphcres: a fmall circle di- 
vides the furface of a globe into two unequal

parts J
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parts ; all circles are fuppofed to be divided 
into 360 degrees.

We lhali begin with thc dcfcription of 
the equator, this being the moft eminent 
great circle on either globe.

The equator or cquinoétial ÆIQ^

122. Is 90 degrees diftant from the 
two pôles of the globe ; and is fo called, 
becaufe wben the fun appears to pafs ver- 
tically over this circle, the days and nigbts 
are of an cqual length to ail the inhabitants 
of the earth.

123. The plane of the equator paffes 
tbrough the middle of the globe at right 
angles to the polar axis.

On our new globes it is graduated into 
g6o degrees 5 upon the terreftrial globe, the 
nu m b er s increafe from the meridian of 
London weftward, and proceed quite round 
to 360.

124. They are alfo numbered from the 
famé meridian eaftward by an upper row

hg-ures, for the eafe of thofe who ufe 
the Engliih tables of the latitude and longi­
tude of places.

125. On
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125. On our new celeftial globes the*
équatorial degrees are numbered from the 
firft point of Aries eaftward, to 360 de­
grees. ->ri:

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

127. On the celeftial globe, the hours in- 
creafe eaftward from Aries to XII at Libra, 
where they begin again in the famé direc­
tion, and proceed to XII at Aries.

128. But the horary numbers under the 
equator of the terreftrial globe, increafe by 
twice twelve hours weftward, from the 
meridian of London, to the fame again.

129. In every pofition of the globe, ex- 
cept that of a parallel fphere, the plane of 
the equator cuts the eaftern and weitem 
points of the broad páper circle, when con- 
lideredtither as an horizon, the ecliptic, or 
circle of illumination.

And as the globe is turned about, it al- * 
ways keeps to one point of the ftrong braíš 
circle, in which, as hath been obferved, the 
degrees are numbered both ways from the 
equator, that the diftance of latitude north 
or fouth of any point on the fur face of 

the
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the globe may be more eafily computed. 
Whence arifes the following

PROBLEM II.

To find the latitude of a place.

130. Bring the place to the graduated fide 
of the ftrong brafs meridian ; the  it 
then cuts ihews its diftances from the equa- 
tor, which on the terrcíhial globe is called 
latitude.

degr.ee

Thus London has 31 deg. 32 min. of 
north latitude -, Coniłantinople, 41 deg. of 
north latitude ; Quebec, in Canada, 46 deg. 
55 min. of north latitude; and the Cape of 
Good Hope, 34 deg. fouth latitude.

PROBLEM III.

To lind all thofe places which have 
the lame latitude with any given 
place.

Suppofe the given place London.; 
turn the globe round, and all thofe places 
which pafs under the famé point of the llroug 
brafs meridian, are in the lame latitude.

F PROBLEM

degr.ee
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PROBLEM IV.

To find the différence of latitude 
between any two places,

132. Suppofe London and Rome, find 
the latitude of each place by prob. ü. art. 
130. Their différence is the anfwcr.

PROBLEM V.

To find the déclination of the fun.

133. Firft, On either globe for the fun’s 
déclination, find his place in the ecliptic by 
prob. i. art. 98, &c. Then bring that point of 
the ecliptic line upon the globe under the 
ftrong brafs meridian, and the degree which 
it cuts is the fun’s déclination for that day. 
Or,

Upon the terreftrial globe, that parallel 
which paffes through the point of the eclip­
tic anfwering to the day of the month, 
will ihew the fun’s déclination, counting 
the number of parallels from the equator. 
Alfo,

On
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On the celeftial globe, feek the day of the 
pionth clofe ander the ecliptic line itfelf, 
againil which is the fun’s place ; bring that 
point under the ftrong brais meridian, and 
the degree that ftands over it is the fun’s dé­
clination for that day. Thus on the 23d of 
May the fun’s déclination will be about 20 
deg. 10 min. andupon the 2£d of Auguft it 
will bp 11 deg. 13 min.

For the déclination of any ftar.

134. Secondly, Bring the ftar to the ftrong 
brafs meridian on the celeftial globe, and the 
degree it ftands under is its diftance from 
the equator, and this diftance is called the 
ftar’s déclination, which may be either north 
or fouth, according to the fide of the equa­
tor on which the ftar is fituated.

Thus the déclination of the ftar Arćturus, 
marked « in the conftellation Bootes, has 
about 20 deg. 30 min. north déclination ; 
and that of Syrius in Canis Major, or the 
Dog.ftar, marked «, has about 16 deg. 30 
min. fouth déclination.

I35‘ Hence we fee, that the latitude of 
places on the earth, and the déclination of

F 2 thc
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the fun and ftars, &c. in the heavens, háve 
but one idea, the meaning of which is no 
more than their diftance (either of places on 
the terreftriaJ, or of the luminaries in the 
celeftial fpheres) from the equator.

The déclination of a fixed Rar always 
continues the famę, but that of the fun, 
moon, and planets, varies.

i 06. Thofe ftars, whofe déclinations are 
equal to the latitude of any place upon the 
earth, are called correfpondents to that place; 
and pafs once in every 24 hours vertically to 
the inhabitants of fuch latitude : that is, thofe 
ftars appear in their zénith, or are direâly 
over their heads. Hence the following

PROBLEM VI.

To find vvhat ftars pafs over or nearly 
over the zénith of any place.

i 37. Find the latitude of the place by 
prob. ii. art. 98. upon the terreftrial globe, 
which is the diftance of that place from the 
equator; then turning the celeftial globe, 
all thofe ftars which pafs under the ftrong 
brafs meridian at the fame diftance from the 
equator, will pafs direčtly over the heads
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of thofe inhabitants, and therefore become 
celeftial correfpondents to all thofe who live 
under the fame parallel of latitude.

Thus the ftar marked y of the fécond 
magnitude in the head of the dragon is 5 r 
deg. 32 min. diftant from the celeftial 
equator, fo alfo is London at the famé dis­
tance from the terreftrial equator : therefore 
the déclination of this ftar is cqual to the 
latitude of London, and confequently it be- 
comes our celeftial correfpondcnt.

The ftar marked « of the fécond magni­
tude in Perfeus’s fi.de, called Algenib, paffes 
over the zénith of thofe inhabitänts in France 
who live 14 min. of onc degree fouth of 
Paris; it alfo paffes nearly over the fzenith 
of St. George’s Bay in Newfoundland.

* fisdW
Celeftial and terreftrial meridians

138. Are great circles drawn upon the 
globes from one pole to the other, and 
croffing the equator at right angles. Upon 

new terreftrial globe there are twenty- 
four of thefe meridians, which are alfo hour- 
cirçles, being 15 degrees from each other.

Thus 15 degrees on the equator is equal to
F 3 onc 

fi.de
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one hour, and each íingle degree equal to four 
minutes of time. Only four meridians which 
are alfo called colures, are drawn upon the 
furface of the celeftial globe.

139. There are no places on the furface 
of the earth, or fpaces in the apparent fphere 
of the heavens, through which, meridians 
may not be conceived to pafs ; confequent- 
ly ail points on tjie terreftrial or celeftial 
fpheres háve their meridians. So that they 
only (properly fpeaking) live under the lame 
meridian, that are under the fame femi-circle, 
on the fame fide of the pôles.

Tins variety of meridians on the globes is 
fupplied by the thin brais femi-circle, which 
being moveable about the pôles, may be let 
to cvery individual point of the equator. 
Whence we call it a moveable meridian, 
art. li5.

140. All thofe halves of great circles, that 
are drawn from pole to pole, are the meri­
dians of thofe places through which they 
pafs, and being perpendicular to the plane 
of the equator, are called fecondaries thereto.

141. One of thefe meridians on our new 
terreftrial globe pafles through London, and 
is called a firft meridian 5 becaufc from that

point
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point which is marked V, where it croffes 
the equator, the degrees of longitude, as well 
as the hours an.d minutes of time, begin.

The oppolite meridian to this croffes the 
great Pacifick Ocean, and paffes throughthe 
firft point of Libra, marked ä upon the 
globe.

This meridian is graduated from pole to 
pole, and its numbers inereafe from the 
equator eaoh way to the pole. One parti- 
cular ufe to which it may be applied, and 
for which it was at firił deíigned, is to folve 
fome of the cafes in fpherical trigonometry 
with eafe and propriety, as will be leen here- 
after.

Some geographers make their firft meri­
dian pais through the iile of Fer, or Ferro.

Sri; je j/u/ą _• Üxrf
PROBLEM VIL

To find the longitude of a place.

142. The longitude of any place is that 
point or degree upon the equator, which is 
croffed by the meridian of that place, reckon- 
cd from a firft meridian.

Bring the moveable meridian to the place, 
and that degree on the equator which it cuts,

F 4 is 
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is its longitude from London, in degrees, 
and minutes, or that hour and minute is its 
longitude exprelled in time.

Or if we bring the place to the ftrong 
brafs meridian, that will eut the equator in 
the longitude as before.

Thus Borton in New England is about 
70k degrees wert of London ; Cape 
Comorin in the Eaft Indies 282'. weft 
of London; or the longitude of the firft 
place exprefled in tune is 4I1. 42 rnin. of 
the fécond 18 h. 48 min.

143. The method of reckoning longitude 
always weftward from the firft meridian is 
moft natural, becauie it is agreeable to the 
real motion of the earth ;

But the common method is to reckon it 
half round the globe eaftward, and the other 
half weftward from the firft meridian, end- 
ing either way at 180 degrees.

Thus Cape Comorin is 78 degrees eaft 
of London.

Note, The numbers neareft the equator 
increafe weftward from the meridian of 
London quite round the globe to 360, 
over which another fet of numbers is en- 
graved, which increafe die contrary way, by 

which
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which mcans the longitude may be rcckoned 
upon the equator either eaft oř weil.

144. It is mid-day or opon to ail places 
in thę fanie meridian at the famę time.

Thus London, Oran, Cape Coaft-cartle 
in the Mediterranean, and Mundfort on the 
Gold-coart, háve their noon neai ly at the 
fanie time ; Borton in New England about 
4 h. 42 min. later ; and Cape Comorin 
18 h. 48 min. later.

145. The différence of longitude of any 
two places, is the quantity of an angle at the 
pole made by the meridians of thofe places; 
which angle is nieafured upon the cquator.

'Trl **»r  f • > *■ •ft ■'! ■ *■  * ■ t rr *’ 1 T***

To exprefs this angle upon the 
globe • ' î ’

146. Bring the moveable meridian toonc 
of the places, and the otlier place under the 
rtrong brafs circle, they then contain the 
required angle ; the meafure or quantity of 
which is the number of degrees counted 
on the equator between thefe two brafs 
meridians.

iv» .J s.« • n 1 L'i 4

PROBLEM
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PROBLEM VIII.

To-find what places hâve mid-day, 
or the fun, upon their meridian^ 
at any given hour of the day iii 
any place propofed.

jx.’sdc,
147. Firft, Let the hour propofed be X 

o’clock in the morning at London.
As the real diurnal motion of the earth, 

herc reprcfcnted by the terreftrial globe, is 
from weit to eaft,

Ali places to the eaftward of any parti- 
cular meridian muił necęflarily pafs by the 
fun, before the meridian of any othćr place 
to the weftward of that particular meridian 
can arrive at it.

148. And thereforejas the firft meridian 
on our new terreftrial. globe paflês through 
London, if the propofed place be London, 
as in thís cafe, bring the given hour, which 
is pláced on our globes, to the eaft of Lon­
don if it be in the morning, but to the weft 
of London if it be in the afternoon, to the 
graduated lidc of the ftrong brafs meridian ; 
and ail thofe places which lie direćtly under

it,
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it, hâve noôn, or the fun, upon their meri- 
dian, when it is X o’clock at London.

Thus having brought the Xth hour on 
the eqnator to the eaftWard öf London an­
der the divided fide ôf thé ftróríg braß 
meridian, it wili be foťťnd to pifs óver thé 
eaítern fide of Làpland, and tne éàftern ex­
tremity of the gdlf of Finlańd; Pttéríbur^h 
in Rufliaj to cröfs a part oF Mèldavia ànd. 
the Black Sea, theùce it paffes ovér ą part of 
Turky, and goes betweeh the iilands ôf 
Càndia and Cyprus in thè MeditehaneaiV, 
thence over the middle óf Egypt through 
the eaftern fide of Africa, and âCrofs thé baý 
of Lorenzo ; all whidh placeś háve the fuft. 
on their meridian when it is X ô’èlock in 
the morning at London.

149. Secondly, Let the hour propofed bfe 
IV o’clock in the afternoön at Port-Royal 
in Jamaica.

Bring Port-Röyalin Jatiiarďa‘tô'thè ïTrôhg 
hrafs meridian, ańd fet thè ho’rafy index tp 
that XII which is moft elevated j then ťňrh 
the globe from weit to eaft, until the horary 
index points to IV o’clock, and the ftrong 
brate meridjan will pafs over the weitern 
fide of the iile Pafares in the Pacific Ocean, 

and
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and the eaftern fide of the ifle La Méfia, 
thence it crofies the equator, and palfes
nearly over the iilands Mendoca and Domi­
nica, which places háve tlíc iun on their 
meridian when it is IV o’clock in the after-I *
noon at Port-Royal in Jamaica.

150. Thirdly, Let the propofed hour be 
30 min. paft V o’clock in the morning at 
Cape Pafaro in the illand of Sicily.

Bring Cape Pafaro to the ftrong brafs me­
ridian, fet the horary index to that XII 
which is moft elevated, and turn the globe 
weftward, becaufe the propofed time is in 
the morning, till the horary index points to 
5 h. 30 min. andyou’ll find the ftrong brafs 
meridian to paß over the middle of Siberia, 
Chincfe Tartary, the kingdom of China, 
Canton in China, the middle of the illand 
of Borneo, &c. at all which places it is noorr, 
(they having the fun upon their meridian at 
the fame time) when it is half an hour paft 
V o’clock in the morning at Cape Pafaro in 
Sicily.

t PROBLEM
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PROBLEM IX.

To find what hour it is at any place 
propofed when it is noon at any 
given place.

i$i. Bring the propofed place under the 
ftrong brafs meridian, and fetthehorary in­
dex to XII, then turning the globe, bring 
the given place to the meridian, and the hour 
required will be iliewn by the horary index 
upon the equator. If the propofed place be . ■ 
to the eaftward of the given place, the 
anfwer will be afternoon ; but if to the weft- 
ward of it, the anfwer is before noon.

Ťhus when it is noon at London, it is 49 
minutes part XII at Rome, and 32 minutes 
paît VII in the evening at Canton in China, 
and alfo 15 minutes paît VII o’clock in the 
morning at Quebec in Canada, and this 
at one and the fame inftant of time.

PROBLEM
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PROBLEM X.

Ąt any givcn time of thc day in the 
place wherc you are, to hnd the 
hour at any other place propofed.

152. Bring the propofed place under the 
Rrong brais nieridian, and fet die horary in­
dex to the given time ; then turn the globe 
till the place where you are is under the 
brafs nieridian, and the horary index will 
point to the hour and minute requ'ucd.

Thus fuppofe we are at London at IX 
o’clock in the morning, what time of the day 
is it then at Canton in China? Anfwer, 31 
minutes paît IV in thc aftcrnoon.

Alfo, when it is IX in the evening at 
London, it is about 15 minutes paft IV 
o’clock in the afternoon at Quebec in Ca­
nada.

PROBLEM
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PROBLEM XL

The latitude and longitude of any 
place being known, to find that 
place upon the globe ; or if it be 
not inferted, to find its place, and 
fix the center of the artificial 
horizon thercon.

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

Bring 27 deg. 30 min. on the equator 
counted eaftward of our firft meridian to 
the ftrong brafs circle, and under 38 deg. 28 
min. on the north fide of the equator, you 
will find Smyrna.

The latitude of Cape Lorenzo in Peru is 
I deg. 2 min. fouth, and longitude 80 deg. 
17 min. weil of London: this place is not 
inferted upon the globe. Therefore bring 
the graduated edge of the moveable meridian 
to 80 deg. 17 min. counted weftward on 
the equator, and ilide the diameter of the 
artificial horizon to 1 deg. 2 min. fouth ; 
and its center will be correćtly placed on 

that 
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that point of thc globe, where the Cape of 
Lorenzo ought to have been placed.

The four laß: problems dopend entirely 
on the knowledge of the longitude and dif­
férence of longitude of places.

Thc ecliptic EL
154. Is that graduated circle which crofles 

the equator in an angle of about 23Ý de- 
grees -, and this angle is called the obliquity 
of the ecliptic.

This circle is divided into 12 equal parts, 
each of which contains 30 degrees ; the be- 
ginning of each 12th part is marked with 
the ufual charačters, which with their names 
arc as follow :

o T 2 3 4 j 6
Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, 
. T ö H ffi Ą, Ä

7 8 9 10 ■ i1
Scorpio, Sagittarius, Capricornus, Aquarius, Piices.

Hl Z VS SS X ,

By thefe the twelve figns are reprefented 
upon the terreftrial globe. Upon our ce- 
ieftial globe, juft under the ecliptic, the 
months} and days of each month, are gra­

duated,
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duated, for the ready fixing the artificial fun 
upon its place in the ecliptic.

The fun’s apparent place is always in this 
circle ; he advances thcrein every day about 
59 min. 8 fec. of one degree, and feems to 
pais through it in a tropical year.

155. Thofe two points, where the eclip­
tic croflês the equator, are called equinoc- 
tial points, and are marked with thefe cha- 
raćters V and — at the beginning of Aries 
and Libra.

The firft of thefe is called the vernal, the 
fécond the automnal, equinox.

156. The firft degree of Cancer and Capri- 
corn is marked with the charaéters and 
vs, which two points are called the folftices; 
the firft is the fummer folftice, the fécond 
that of the winter, to ail inhabitants upon 
the north fide of the equator -, but dircćłly 
contrary to thofe on the fouth fide of it.

Although the ecliptic does not properly 
belong to the earth, yet we hâve placed it 
upon our terreftrial globe according to an­
crent cuftom ; it being ufeful in famé parti- 
cular cafés ; it is chiefly to be regarded upon 
the celeftial globe.

G 157. The
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157. The longitude of the ftars and planets 
is reckoned upon the ecliptic j the numbers 
beginning at the firft point of aries v, where 
the ecliptic crofles the equator, and increafmg 
according to the order of the figns.

158. The latitude of the ftars and planets 
is determined by their diftance from the 
ecliptic upon a fecondary or great circle 
pafling through its pôles, and crofling it at 
right angles.

159. Twenty-fbur of thefe circular lineš, 
which croîs the ecliptic at right angles, being 
fifteen degrees from each other, are drawn 
upon the furface of our celeftial globe ; 
which being produced both ways, thofe on 
one fide meet in a point on the northern 
polar circle, and thofe on the other meet in 
a point on the fouthern polar circle.

160. The points determined by the meet­
ing of thefe circles are called the pôles of 
the ecliptic, one north, the other fouth.

161. The longitude of the ftars hath been 
obferved to increafe about a degree in 72 
years, which is called the preceftion of the 
cquinox.

The
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The celeftial figns and conftellations

162. On the furfaceof the celcftial globe 
are reprefented by a variety of human and 
other figures, to which the ftars that are 
either in or near them, are referred.

The feveral fyftems of ftars, which are 
applied to thofe images, are called conftel­
lations. Twelve of thefe are reprefented on 
the ecliptic circle, and extend both north- 
ward and fouthward from it. So many of 
thofe ftars as fall within the límits of 8 dc- 
grces on both fides of the ecliptic circle, 
together with fuch parts of their images as 
are contained within the aforefaid bounds, 
conftitute a kind of broad hoop, belt, or 
girdle, which is called the zodiac.

The names and the refpeétive charaéters 
of the twelve figns of the ecliptic may be 
learned by infpeélion on the furface of the 
broad páper circle; and the conftellations 
from the globe itfelf.

16 3- The zodiac is reprefented by eight 
circles parallel to the ecliptic, on each lide 
thereof ; thefe circles are one degrec diftant

G 2 from 
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from each other, Ib that the wholc breadtlï 
of the zodiac is 16 degrees.

164. Amongft thefe parallels, the latitude 
of the planets is reckoned ; and in their ap­
parent motion they nevěr excecd the limits 
of the Zodiac.

165. On each fide of the zodiac, as was 
obferved, other conftellations are diftinguith- 
ed ; thofe on the north fide are called nor- 
thern, and thofe on the fouth fide of it, 
fouthern conílellations.

166. All the ftars which compofe thefe 
confiellations, are firppofed to inereafe their 
longitude continually ; upon which fuppo- 
fition, thc whole ftarry firmament has a ílow 
motion from weft td caft ; infomuch that 
thc firft ftar in the conftellation of Aries, 
which appeared in the věrna! interfećiion of 
the equator and ecliptic in the time of Meton 
the Athenian, upwards of 1900 years ago, 
is now removed about 30 degrees from it.

To reprefent this motion upon the ce- 
leftial globe, elevate the north pole, fo that its 
axis may be pcrpendicular to the plane of 
the broad páper circle, and the equator will 
then bc in the fame plane ; let thefe repre­

fent
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fent the ecliptic, and then the pôles of the 
globe will alfo reprefent thofe of the eclip­
tic ; the ecliptic line upon die globe will at 
the fame time reprefent the equator, inclined 
in an angle of 23-Ć degrees to the broad 
paper circle, now called the ecliptic, and 
cutting it in two points, which are called 
the equinoflial interférions.

Now if you turn the globe flowly round 
upon its axis from eaft to weil:, while it is 
in this pofition, thefe points of interfećłion 
will move round the famé way; and the in­
clination of the circle, which in ihewing this 
motion reprefents the equinoitial, will not 
be altcred by fuch a révolution of the inter- 
lećting or equinoâial points. This motion 
is called the preceflion of the equinoxes, 
becaufe it carries the equinoftial points back- 
wards amonsft the fixed ftars.o

The pôles of the world feem to defefibe 
a circle from eaft to weil, round the pôles 
of the ecliptic, ariflng from the preceflion 
of the equinox. This motion of the pôles 
is eafily reprefented by the above pofition 
of the globe, in which, if the reader 
remembers, the broad paper circle re­
prefents the ecliptic, and the axis of the

C - globe 
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globe being perpendicular thereto reprefents 
the axis of the ecliptic ; and the two points, 
where the circular lineš meet, defcribed in 
art. 159, 160. will now reprefent the pôles 
of the world, whence as the globe si ílowly 
turned from eaft to weil, thefe points will 
rcvolve the famé way about the pôles of the 
globe, which are here fuppofed to reprefent 
the pôles of the ecliptic. The axis of the 
world may revolve as above, although its 
fituation with refpećł to the ecliptic be not 
altered -, for tlie points here fuppofed to re­
prefent the pôles of the world, will always 
keep the fame diftance from the broad paper 
circle, which reprefents the ecliptic in this 
iituation of the globe *.

167. From the different degrees of bright- 
nefs in the ftars, fome appear to be greater 
than others, or nearer to us : on our celeflial 
globe, they are diftinguilhed into feven dif­
ferent magnitudes.

General phœnomena ariiing from the 
earth’s diurnal motion.

168. The daily rotation of the earth about 
, its axis is one of the moft effential points

which
• Rutherforth’s Syflcm of Nat. Phil. vol. II. p. 730.
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which a beginnen ought to have in view; 
for every particular meridian thereon is fuc- 
ceffively turned towards every point in the 
heavens, and as it were defcribes circles in 
the celeftial fphere, perpendicular to the 
axis of the earth, and parallel to each other ; 
by which means the fixed ftars feem to have 
an apparent diurnal motion.

169. Except thofe two points in the ftarry 
firmament, into which the earth’s axis, fup- 
pofed to be fo far extended, would fall 5 thefe 
two points are called the celcftial pôles, which 
correfpond with our terreftrial north and 
fouth pôles.

170. We have fo contrived our new globes 
that the real diurnal motion of the earth 
and the apparent diurnal motion of the 
heavens are reprefented by them, art. 85, 86. 
and thence all problems folved as readily in 
fouth as in north latitudes, and in places on 
or near the equator : by which means we 
are enabled to ihew, how the vicifiltude of 
days and nights, their varions alterations in 
length, the duration of the twilight, &c. are 
really macje by the earth’s daily motion, 
upon the piinciples of the Pythagorean or 
Copernican iyftem.

G 4 In
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In fig. 26. ÆNÆ reprefent the ap­
parent concave fphere of the fixed ftars, 
æ n q s æ the globe of the earth, whole axis 
n s is fuppofed to be extend.d to N S, in 
the fphere of the fixed ftars ; ail the ftars 
feem to revolve upon thefe two points as 
pôles.

If the plane of the earth’s equator æzqcæ 
is conceived to be extended to the ftarry 
firmament, it will point out the celeftial 
equator Æ « QJf Æ.

N reprefents the celeftial, and n the ter-» 
reftrial north pole, S and s the fouth pole.

Parallels of latitude, déclination, tro- 
pics and polar circles.

171. Fig. 26. That circle which any ftar 
fecms to defcribe in twenty-four hours, is 
called its parallel : thus, fuppofe a right line 
drawn from C the center of the earth, 
through any point d of its furface, and ex­
tended to D in the ftarry firmament, by 
means of the earth’s daily rotative motion, 
the extremity D of the line C D will de-  
fcribe the celeftial parallel GxDxG, cor- 
refponding to the terreftrial parallel g d, of

*

the
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the point d. If D C be fuppofed to be ex- 
tended to H, the oppofite lide of the ftarry 
firmament) it will defcribe another parallel 
equal to the former.

Thofe circular lines upon the terreftrial 
globes, which are deferibed from the pôles, 
on either lide of the equator, are parallel 
to it, and are called parallels of latitude, but 
on the celçftial globe they are called parallels 
of déclination.

There are four principal lefler circles pa­
rallel to the equator, which divide the globe 
into five unequal parts called zones -, thefc 
are the two tropics, and the two polar 
circles. ;

We hâve already ihewn, that the dif- 
tance of any parallel from the equator, 
meafured in the arch of a great circle on the 
terreftrial fphere, is its latitude ; and on the 
çeleftial fphere, its deçlination, art. 135.

172. If the fun, moon, a fixed ilar, or 
planet, is fituated in any parallel between 
the equator Æ fig. 26. and the north 
pole N, it is faid to hâve north déclination ; 
but if towards the fouth pole S, fouth de­
çlination.

Tbus
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Thus the two parallels G D, and HI, 
hâve the fanie déclination : becaufe they are 
equally diftant from Æ the equator ; the 
firft hath north, the lait fouth déclination.

Hence we muft obferve, that a celeftial 
parallel G X D, and its correfpondent g x d 
upon the earth, are two parallel circles, 
being fimilar éléments of a cône, whofe axis 
is that of the earth, and apex C, the center 
of the earth. Therefore the plane of a ter- 
reftrial parallel cannot be the fame with its 
correfpondent celeftial parallel ; only the 
plane of the celeftial equator Æ — QJT Æ, 
is the famé with that of the terreftrial æ z q, 
becaufe thefe two planes are produced by 
the famé radius C Q^, perpendicular to the 
axis N S, on which the earth or the heavens 
are fuppofed to turn.

If by the earth’s daily rotative motion, a 
ftar D paffes over the zénith d of any in- 
habitant of the earth, that ftar is the celef­
tial parallel, which correfponds to the ter­
reftrial parallel of the obferver ; for the di- 
ftance of the celeftial parallel G D, contains 
the famé number of degrees from Æ Q_the 
celeftial equator, as that of the inhabitant’s 

parallel
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parallel g d does from æ q the terreftrial 
equator.

Therefore the meafure of the arch of any 
inhabitant’s diftance from the terreftrial e- 
quator, which is called the latitude of the 
place, is fimilar and equal in the number of 
degrees, to that fixed ftar’s déclination, which 
paffes over his zénith.

If the inhabitant changes his fituation 
either north or fouth, the different déclina­
tions of thofe ftars which pafs over his zé­
nith, at the feveral places of his removal» 
will ihew his advance towards or regrefs 
from the equator.

Whence any place upon the earth may 
be reprefented by its correfponding zénith 
point, in the apparent concavity of the ftarry 
fphere ; as (hall be hereafter ihewn.

173. Upon our new terreftrial globe, there 
are twenty-three parallels drawn at the di­
ftance of one degree from each other, on 
both fides the equator; which, with two 
other parallels at 231 degrees diftance, in- 
clude the ecliptic circle ; thefe two are called 
the tropics. That on the north fide of the 
equator is called the tropie of Cancer ; and 

the
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die othcr, which is on thc fouth fide of if, 
thc tropie of Capricorn.

174. The fpace between thefe two tro­
pics, which contains about 47 degrees, was 
called by the ancients, the torrid zone.

The two polar circles are placed at the 
famé diftance frotn the pôles, that the two 
tropics are from the equator.

One of thefe is called the northern, the 
other the fouthern polar circle.

Thefe include 23 4 degrees on each fide 
of their refpeétive pôles, and confequently 
contain 47 degrees, equal to thc number of 
degrees included between the tropics.

17$. The ipace contajned within the 
northern polar circle, was by the ancients 
called the north frigid zone, and that within 
thc fouthern polar circle, thc fouth frigid 
zone.

176. The fpaces betweçn cither polar 
circle, and its neareft tropie, which contain 
about 43 degrees each, were called by the 
ancients the two temperate zones.

177. Whenever any parallel paffes through 
two places on the terreftrial globe, thefe 
places hâve the famé latitude.

Alfo
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Alfo all thofe ítars which are in the fame 
parallel upon thc celeftial globe, have the 
famé déclination.

And as the ccliptic is inclined to the equa- 
tor in an angle of 231 degrees, and is in- 
cluded between the tropics, every parallel 
in the torrid zone mufi ncceiTarily crofs the 
ecliptic in two places ; which two points 
ihew the fun’s place, when he is vertical 
to the inhabitants of that parallel ; and the 
days of the month upon the broad paper 
circle anfwering to thofe points of the eclip­
tic, are the days on which the iun pafles di- 
rećtly over their heads at noon, and arc 
called their two midfummer days : whence 
the inhabitants of the torrid zone have two 
fummers and two winters every year.

Hence as the earth’s progreillvc, or ratheť 
apparent annual motion, feems to be in the 
celeftial ecliptic, the fun’s déclination is 
thereby changed gradually every day. There- 
fore on our new terreftrial globe, as men- 
tioned in art. 173. we have drawn paralleTs 
thro’ the whole fpace of the torrid zone, and 
the two fpaces within the polar circles, tó 
give a general and elear idea of the fun’s ap­
parent paffage from one tropie to the other.

The
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The colures

178. Are circular lineš drawn on tbe 
celeítial globe from pole to pole, (as meri­
dians are upon the terreftrial globe) crofiing 
the equator at right angles, and bcing fe- 
condaries to it. Art. 140.

179. The two celeftial meridians which 
pafs thro’ the firíl point of V and ä making 
together one great circle, are reprefented by 
the circle B ï K - B, in fig. 26. and are 
called the equinoítial colure. The points 
marked V and « are called the equinoxes, 
or equinoétial points.

180. The two celeftial meridians repre­
fented by the circle N ÆS QN, paflíng 
through the folftitial points (marked S and 
vs) of Cancer and Capricorn, are called the 
folftitial colure.

181. Thefe colures eut each other at 
right angles in the pôles of the world, and 
divide the ccleftial equator, ecliptic, and 
zodiac into four equal parts, which points 
déterminé the four íeafons of the year. See 
art. 34 to 41. and art. 187.

The
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The equinoélial colure only paffes through 
the pôles of the world at n and s. But,

The folftitial colure paffes through the 
pôles of the world at n and s, and alfo 
through the pôles of the ecliptic at B and K, 
fig. 26.

Whence it happens in every daily rota­
tion of the earth about its axis, that the 
folftitial and equinočtial coloures are twice 
blended with every meridian upon the fur- 
face of the earth : confequently, each pole 
of the ecliptic appears to pafs, once every 
day, over all the meridians of the terrcftrial 
fphere.

182. All thofe circular lineš that are, 
or may be fuppofed, drawn on the celcftial 
globe, which pafs through the pôles, cutting 
the cquator at right angles, are called circles 
of déclination ; becaufe the déclination of 
thofe points or ftars through which they 
pafs, or the diftance of thofe ftars from the 
cquator, is meafured upon thefe circles : and 
this is done by bringing the divided edge of 
the moveable meridian to any ftar.

Hence the thin brafs femi-circle, art. 115. 
which we call the moveable meridian, is 
alfo a moveable circle of déclination.

Ardic
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Arélic and antarâic cîrcles, or 
circles of perpétuai apparition and 
occultation.

183. The largeft parallel of latitude on 
the terreftrial globe, as well as the largeft 
circlc of déclination on the celeftial, that 
appears entire above the horizon of any 
place in north latitude, was called by the 
ancients the arâic circle, or circle of perpé­
tuai apparition.

Between the arélic circle and the north 
pole in the celeftial fphere, are contained 
ail thofe ftars which never l'et at that place, 
and feem to us, by the rotative motion of 
the earth, to be perpetually carried round 
above our horizon in circles parallel to the 
equator.

The largeft parallel of latitude on the 
terreftrial, and the largeft parallel of décli­
nation on the celeftial globe, which is en- 
tirely hid below the horizon of any place, 
were by the ancients called the antarétic 
circle, or circle of perpétuai occultation.

This circle includcs ail the ftars which 
never rife in that place to an inhabitant 

of
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of thc northern hemifphere, but are pcrpc- 
tually below thc horizon.

All ardic circles touch thelr horizons in 
the north point, and all antardic circles 
touch their horizons in the fouth point; 
which point, in the terreftrial and celeftial 
iphcres, is the interfedion of thc meridian 
and horizon.

If the élévation of the pole be 45 degrccs, 
the moft elevated part either of the ardic 
or antardic circle, will be in the zénith of 
the place.

If the pôles élévation be lefs than 4Ç 
dcgrees, the zénith point of thole places will 
fall without its ardic or antardic circle. If 
greatcr, it will fall within.

Thereforc the nearer any place is to the 
equator, the lelTer will its ardic and ant­
ardic circles be ; and on the contrary, the 
farther any place is front the equator, the 
grcater they are. . So that,

At the pôles, the equator may be con- 
fidered as both an ardic and antardic cir­
cle, becaufe its plane is coïncident with that 
of the horizon.

But at the equator (that is, in a right 
fphere) there is neither ardic nor antardic 
circle.

H They
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They who live under the northern polar 
circle, háve the tropie of Cancer for their 
arćtic, and that of Capricorn for their ant- 
arćtic circle.

And they who live on either tropie, háve 
one of the polar circles for their arćtic, and 
the other for their antarćłic, circle.

Hence, whether thefe circles fali within 
or without the tropics, their diftancc from 
the zénith of any place is ever equal to the 
différence between the pole’s élévation, and 
that of the equator above the horizon of 
that place.

From what has been fiid, it is plain, 
there may be as many arćtic and antarćłic 
circles, as there are individual points upon 
any one meridian, between the north and 
fouth pôles of the earth,

184. Many authors hâve miftaken thefe 
mutable circles, and hâve given their names 
to the immutablc polar circles, which laft 
are arćtic and antarćłic circles, in one parti- 
cular cafe only, as has been ihewn.

The
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The caufe of the daily change in 
the déclination of the fun

185. Arifes from the earth’s annual mo­
tion in the ecliptic, the inclination of its 
axis, and its always moving parallel to 
itfelf.

Imagine the plane of the earth’s orbit 
extended as far as the fixed iłars, it will 
there mark out the circle 55, vs, y, 
which we cali the celeilial ecliptic; fee 
fig. 26.

From this comparifon of the earth’s orbit 
with the celeilial ecliptic, is derived the 
ancient rule to find the funs place, if we 
firft find the earth’s place, either by obfer- 
vation or calculation ; fix figns added to or 
fubiłraćled from it gives the fun's truc place 
in the ecliptic. Confequently it is the fame 
thing, when we confidcr the daily motion 
of the earth about her équatorial axis, re- 
prefented by the terreftrial globe, whether 
We fuppofe the earth, or the fun, to have 
an annual motion.

It is alfo the fame thing in the ufe of the 
celeilial globe, whether we fuppofe the 
earth to turn upon her équatorial axis, or

H 2 the 
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the ftarry fphere to revolve upon the ex- 
tremities of the fanie axis extended to the 
hcavens: the refult in either cafe will be 
the fanie, provided we conceive ourfelves at 
the center of the globe.

186. We fliall therefore fuppofe the fun’s 
apparent annual motion to be in the plane 
of the cclcftial ecliptic, art. 34 1041. and 
in his paflage tbrough it, deferibing by a ray 
conneďing the centcrs of the earth and fun, 
a different circle of déclination, parallel to 
the equator every day. Whereby all who 
inhabit any of thofe places on the earth 
which are fituated between the terreftrial 
tropie of Cancer reprefented in fig. 26. by 
S5, e, and the terreftrial tropie of Capricorn 
reprefented by h, v$, have the fun at the 
time he is deferibing their parallel, in their 
zénith; or direâly vertical, or over their 
heads, which happons twice every year.

187. Wher.ce the inhabitants of thoiê 
places, as well as tnariners who pafs be­
tween the tropics, have a correfponding 
zénith point, where their latitude is cqual 
to the fun’s parallel of déclination, froni the 
fun by day, and from the ftars by night.
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It is eafily conceived, that if the 
planes of the equator and ecliptic were 
■United in one continued plane, a central 
folar ray, connećting the centers of the 
•earth and fun, would by the earth’s diurnal 
motion defcribe the equator every day ; 
but, as we hâve before obferved, the fun 
does apparently defcribe a different parallel 
every day : wheręfore the ecliptic and equa­
tor are inclined to each other in an angle 
confirmed by observation of about 23 deg. 
29 min,

Let the fun‘s apparent annual motion be 
reprefented by the circle ®, », V, S3, fig. 
26, which bifećłs the celeftial equator Æ»Q_ 
V Æ, in the points » and V ; the firft of 
thefe is called the automnal, the fécond 
the vernal, equinodial point.

When the fun is in hc appears to 
defcribe the equator, at which time hc has 
no déclination ; and as he procceds gra- 
dually from » towards vs, his fouthern 
déclination continually increafes, and he 
deferibes lefs and lefs parallels, till he 
appears in vs, and deferibes the tropie 
ot Capricorn ; being. then at his greateft 
fouthern déclination, viz. at his greateft

H 3 diftancc 
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diftance from the equator foutherly, and 
alfo in the winter folftice.

In pafling from vs to V, his déclination 
decreafes, and the parallels he defcribes 
are greater and greater, until he comes to 
Aries, oř the vernal equinox, and again 
lias no déclination, defcribing the equator 
as betöre.

As he advances from thence towards 
<S, the déclination increafes, and the pa­
rallels defcribed are lefs and lefs, until he 
arrives at S, or the fummer folftice; being 
then at his greateft northern déclination, 
defcribing the tropič of Cancer.

Thence proceeding forwards towards 
the déclination continually decreafes, and 
the parallels defcribed increafe till the fun’s 
arrivai at the next fuccecding autumnal 
equinox; where he again defcribes the 
equator, having no déclination ; and com- 
pleats the length of a mean fclar tro­
pical year, containing 365 d. 5 h. 49 
min.

What we háve faid with refpeft to fum­
mer and winter folftices, is to be under- 
ftood wiih relation to thofe places which 
lie betwecn the equator and the north pole;
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but to the places between the equator and 
fouth pole the contrary happens.

The two équinoxes are the famę to all 
the inhabitants of the earth.

We have been thus particular in our 
■deferipdon of the fun’s apparent annual 
motion, for the ufe of beginners ; and we 
hope this confideration will plead in our 
behalf, if we flaould appear tedious or trifling 
to thufe who are mafters of the fubjcćt.

But what has been faid, might yet be 
more clearly illuilrated by an orrery or a 
tellurian, which ihews the annual and diur- 
nal motions ot the earth, and parallelifm of 
its axis, &c. and by the different pofi- 
tions of the eanh’» axis, with refpećt to her 
enlightencd diic will make it appear to the 
eye as it is real j y nnderftuod by adronomers; 
find then we .. . , with more propricty repair 
to th nie of the globe itfelf.

To fupply the want of a tellurian

188. Dcfcribc a circle ABCD, fig. 8. 
w'th chalk upon the floor, as large as the 
room will admit of, that the globe may be 
moved round upon it : dividc this circle

H 4 into
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into twelve parts, and mark them with the 
charaćters of the twelve figns, as they are 
engraved in fig. 8. or upon the broad pá­
per circle ; placing ® at the north, vs at 
the fouth, v in the eaft, and in the 
weil : the mariner’s compaís undcr the 
globe will direćt the fituation of thefe 
points, if the variation of the magnctic 
needle be attended to.

Note, At London the variation is be- 
twecn 20 and 21 dcgrces from the north 
weit ward.

Elevate the north pole of the globe, fo 
that 664 degrees on the iłrong brafs meri- 
dian may coincide with the furface of the 
broad papcr circle, and this circle will then 
reprelent the piane of the eeliptie, as men- 
tioned in article 103.

Set a imali table or a ftool over the cen­
ter of the chalked circle to reprefent the 
fun, and place the terreílrial globe upon its 
circumfcrence over the point marked vs, 
with the north pole facing the imaginary 
fun, and the north end of the needle point- 
ing to the variation : this is the pofition of 
the earth with refpećt to the fun at the time 
of the fummer folftice abuut the 21 ft of June :

' . and
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and the earth’s axis, by this rećłification 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 angle of 23Ý 
degrees ; a line or ftring pafíing from the 
center of the imaginary fun to that of the 
globe, will reprefent a central folar ray con- 
nećłingthe centersof theearth andfun: this 
ray will fall upon the firft point of Cancer, 
and defcribe that circle, ibewing it to be the 
fun’s place upon the terreftrial ecliptic, which 
is the famé as if the fun’s place, by extend- 
ing the ftring, was referred to the oppofitc 
fide of the chalked circle, here reprelènting 
the earth’s path in the hcavens.

If we conceive a plane to pafs through 
the axis of the globe, it will alfo pafs through 
the fun’s center, and the points of Cancer 
and Capricorn in the terreftrial and celeftial 
ecliptic; the central folar ray in this pollu­
tion of the earth is alfo in that plane ; this 
ean never happen but at the timcs of the 
folftice.

If another plane be conceived to pais 
through the center of the globe at right 
angles to the central folar ray, it will divide 
the globe into two hemifpheres ; that next 

the
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the center of the chalked circle will repre- 
fent the earth’s illuminated difc, the con- 
trary fide of the famę plane will at the famę 
time (hew the obfcure hemifphere.

The intelligent reader, for the ufe of his 
pupils, may realize this fécond plane by cut- 
ting away a femicircle from a iheet of card 
pafte-board, with a radius of about I i tenth 
of an inch greater than that of the globe 
itfelf ; if this piane be applied to 662. de- 
grees upon the ftrong brafs meridian, it will 
be in the pole of the ecliptic ; and in every 
iîtuation of the globe round the circum- 
fcrencc of the chalked circle, it will afford 
a lively and lafting idea of the annual and 
diurnal motion of the carth, of the varions 
phænomena ariiing from the parallelifm of 
the earth’s axis, and in particular the daily 
change of the fun’s déclination, and the 
parallels thereby defcribed.

Let the globe be removed from v$ to 
and the necdle pointing to the variation as 
before will preferve the parallelifm of the 
earth’s axis ; then it will be plain, that the 
ftring or central folar ray will fali upon the 
firft point of Leo, fix figns diftant from, but 
oppofite to thefign », upon which theglobe 

ftands:
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i flands : the central folar ray will now de- 
1 fcribe the 2oth parallel of north déclination, 
' which will be about the 230 of July.

If the globe bc inoved in this manner 
: from point to point round the circumference 

< of the chalked circle, and care be taken at 
1 every removal that the north cnd of the 

magnetic necdle, when fettled, points to 
the degree of the variation, the north pole 
of the globe will be obferved to recede from 
the line conneéting the centcrs of the earth 
and fun, until the globe is placed upon 
the point Cancer : after which, it will at 
every removal tend more and more to- 
wards the faid line, till it cornes to Capri- 
çorn again.

PROBLEM XII.

To rcdify either globe to the lati­
tude and horizon of any place.

189. If the place be in north latitude, 
raife the north pole; if in fouth latitude, 
raife the fouth pole, until the degree of the 
g1Ven latitude, reckoned on the ftrong brafs 
mcridian under the elevated pole, cuts the 
plane of the broad páper circle ; then this

circle 
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circle will reprefent the horizon of that 
place.

To rcclify for the fun’s place.

190. After the former rećłification, bring 
the degrees of the fun’s place in the ecliptic 
line upon the globe to the ftrong brafs 
mcridian, and fet the horary index to that 
XIIth hour upon the cquator which is 
moft elevated.

191. Or, if the fun’s place is to be 
retained, to anfwer various conclufions, 
bring the graduatcd edge of the move- 
able meridian to the degree of the fun’s 
place in the ecliptic, upon the celeftial 
globe, and ilide the wire which crofles the 
center of the artificial fun thereto : then 
bring its center, which is the interfećlion of 
the aforefaid wire, and graduatcd edge of the 
moveable meridian, under the ftrong brais 
meridian as before, and fet the horary index 
to that XII on the equator which is moft 
elevated.

To
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To rećłify for the zénith of any 
place.

192. After the firft rcćłification, ferew the 
nut of the quadrant of altitude fo many de- 
grees from the equator, reckoned on the 
ftrong brafs meridian towards the elevated 
pole, as that pole is raifed above the planet 
of the broad paper circle, and that point 
will reprefent the zénith of the place.

Note, The zénith and nadir are the pôles 
of the horizon, the former being a point 
direćtly over our heads, and the latter, one 
direćłly under our feet.

193. If you are doubtful whether the 
proper point of the brafs meridian is cor- 
rećłly eut, when fet by the eye, apply a card 
eut in the fhapeof fig. 27.. to the place, flat 
upon the broad paper circle, and it will be 
truly adjufted.*

If, when the globe is in this date, we look 
°n the oppofite fide, the plane of the ho­
rizon will eut the ftrong brafs meridian at 
the complément of the latitude, which is 
allo the élévation of the equator above 

■the horizon.
P R 013-

* See the advertifement at the end of the preface.
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PROBLEM XIII.

To find the inoon’s mcan place upon 
the celeftial globe, her âge and 
day of the month being known.

194. The moon increafes her longitude 
in the ecliptic every day about i 3 deg. 10 
min. by which mcans fhe crofles the meri- 
dian of any place about 50 minutes later 
than ihe did the preceding day.

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

It is new moon when the fun and moon 
bave the famé longitude, or arc in or near 
the famé point of the ecliptic.

When they hâve oppofite longitudes, or 
arc in oppofite points of the ecliptic, it is 
full moon. Art. 56 to 64.

To perform this problem tolerably near 
the truth, without having recourfe to an 
ephemeris, which may not always be at 
hand,

Find the day of the new moon next pre­
ceding thc given day of the month in any

common

1
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common almanack, the number of days 
elapfed is the moon’s age.

The equator on our new celeftial globe 
is divided by large dots into 29 Ť equal parts, 
each of which is direćłed by a iliort dotted 
line, to a number marked in Roman figures, 
expreffing the feveral days of the moon’s ' 
age.

The rule.

195. Elevate the north pole of the ce­
leftial globe to 90 degrees, and then the 
equator will be in the plane of, and coïncide 
with the broad paper circle ; bring the firft 
point of Aries, marked v en the globe, 
to the day of the new moon on the faid 
broad paper circle, which anfwers to the 
iun’s place for that day ; and the day of the 
moon s age will ftand againft the fign and 
degree of the moon’s mean place ; to which 
fet the artificial moon upon the ecliptic on 
the globe.

But if you are provided with an ephe- 
meris *,  that will give the moon’s latitude 
ąnd place in the ecliptic ; firft note her place 
ln th® ecliptic upon the globe, and then 

counting
I he Nautical Almanack is the bei! Engliih Ephe- 

«»ens extant.
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counting fo many degrecs amongft thc pa- 
rallels in the zodiac, either above or below 
the ecliptic, as her latitude is north or Ibuth 
upon the givcn day, and that will be the 
point which reprefents the true place of the 
moon for that time, to which apply the 
artificial moon.

196. Note, The artificial moon is a fmall 
thin piece of brafs in form of a crefcent, 
having two holes a and b, fig. 28. through 
which a fmall ftring of filk twift is put, that 
it may flip backwards or forwards upon it.

To one end c of this filk ftring is tied a 
fmall piece of brafs d e c with three holes, 
at d e c.

The manner of putting it upon the globe 
is this : firft put thc crefcent a b, on thc 
ftring; and the piece of brafs, by pafiing 
thc ftring through thc two holes d, c, the 
ftring being as yet left free. The two ends 
of the ftring being loofe, pafs the end F 
round the north pole of the globe, in a 
groove made for that purpofe, and tie it 
into a loofe loop like F g, then put the other 
end of thc ftring G c round the fouth pôle, 
and tie it fait to the hole at c : then by pull- 
ing the pièce d e c upwards, thc ftring may 

be
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be tightned on any part of the globe, and 
puihing it downwards will Hacken it, that 
it may be removed to any other place, and 
then tightned again,

PROBLEM XIV.

To reprefent the apparent diurnal 
motion of the fun, moon, and 
ftars, on the celeftial globe.

197. Find the fun’s place in the ecliptic, 
by problem 1. art. 98. and tothat point on 
the ecliptic line which is drawn upon the 
globe, fet the center of the artificial fun. Alfo,

Find the moon’s place by problem xin. 
art. 194. and fet the center of the artificial 
moon upon it.

Rećtify the globe to the latitude, fun’s 
place, and zénith, by problem xii. art. 189, 
190, and 192.

The globe being turned round its axis 
from eaft to weft, will reprefent the appa- 
rent motion of the fun, moon, and ftars, for 
that day.

198. When the center of the artificial 
fun is in the plane of the horizon on the

I eaftern
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eaftern fide, the horary index ihews upbn 
the equator the time of fun rifing.

199. Ail thofe ftars which are then in the 
plane of the horizon on the eaftern fide, are 
at the famé inftant of time rifing with the 
fun, and thofe on the weftern fide of the 
horizon, are then fetting.

Their diftance from the true eaft or wcft 
points of the horizon, is calied the fun or 
ftar’s amplitude.

200. And when the center of the arti­
ficial moon cornes to the horizon on the 
eaftern fide, the horary index will point to 
the hour and minute of her rifing.

And thofe ftars on the eaftern cdge of the 
horizon are then rifing with her, whilft at 
the famé time ail the ftars, eut by the 
weftern edge, are fetting.

àoi. That degree and minute of the 
equator which is eut by the plane of the 
horizon, at the famé time that the center bf 
the artificial fun, moon, or any ftar, is alfo 
eut by the faid plane, is the very point of 
the equator, which rifes with either of them, 
and is calied the fun, moon, or ftar’s oblique 
afeenfion.

202. As
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202. As the fun afcends in the heavens 
till it culminâtes, or cornes under the gra- 
duated fide of the ftrong brafs meridian, the 
horary index will fuccefilvely point to the 
hours before noon ; but when it is undef 
it, the horary index points at XII o’clock, 
and that degree and minute on the equator, 
which is then eut by the brafs meridian, is 
callcd the fun’s right afcenfion, that is, its 
diftance from the firft point of Aries, reck- 
oned in degrees, minutes, &c. upon the 
equator.

203. At the famé time, that degree of 
the brafs meridian, which is direćtly over 
the artificial fun, is his déclination, art. 133. 
for that day.

The famé is to be obferved of the moon 
or any ftar, as they afeend in the heavens, 
till they culminate or corne under the meri­
dian, the horary index conftantly pointing 
to the hour of the day or night; their 
right afcenfion and déclination are alfo 
ihewn in the famé manner as that of the 
fun.

204. Whilft the fun defeends from the 
meridian weftward, the horary index iuc- 
ceflively fhews the hours after noon.

1 2 And
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And when the center of the artificial fun 
is in the plane of the horizon on the wertem 
fide, the horary index fhews the time of fun 
fetting ; and that point of the equator which 
is then eut by the plane of the horizon, is 
the point which fets with the fun, and is 
called his oblique delcenfion.

205. The number of degrees on the 
equator contained between the points of his 
oblique afcenfion, and right afcenfion, or 
between the points of his right afcenfion 

'and oblique defcenfion, is called his alcen- 
fional différence.

Obferve the famę with refpećt to the 
moon or any ftar : as they defcend from the 
meridian wert ward, the horary index will 
fucceflively ihew the time of their arrivai at 
any given point, their fetting, oblique de­
fcenfion and aicenfional différence, in the 
famę manner as before deferibed in relation 
to the fun.

The rifing, culminating, fetting, &c. of 
any planet may be obtained, if the place of 
the planet, its longitude and latitude being 
taken from an ephemeris, be afcertainedj 
and an artificial planet fet thereto, in the 
manner in which we hâve direćtcd the arti­

ficial
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ficial moon to be placed upon tbe globe, art. 
196. or this laft may occalionally reprefent 
a planet.

Thus on the i8th day of June, A. D. 
1769 new ftile, being the firft year after 
biïîextile, the fun’splace will be u, 27 deg. 
22 min. the moon’s place /, 18 deg. o min. 
her latitude north o deg. 30 min. The fuli 
moon about 4 of an hour paft VIII. oclock 
iń the morning ; to which places, if the ar­
tificial fun and moon be fet, a beginner may 
rèadily exercife himfelf in finding the pro­
per anfwers agreeable to thefe data, by the 
direćtions in this problem.

Parallels of altitude.

206. The globe remaining rećtified as in 
the laft problem, the uppermoft point repre - 
fents a point in the heavens direćtly over our 
heads, which is called the zénith: and as 
the brafs quadrant is moveable about its up- 
Per end as a center, when that center is 
fixed to the latitude of the place upon the 
ftrong brafs meridian, it will be in the zénith, 
and the beginning of its graduations will 
coincide with the plane of the broad paper

J 3 ' circle, 
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circle, which in thefe cafes reprefents the 
horizon of the place.

If the quadrant be moved about the globe, 
its firíl divifion will defcribe the horizon. 
And,

At the famę time, all its intermediatc 
divifions will defcribe circles parallel to the 
horizon ; the point marked I o defcribes a 
parallel of i o degrees, the point marked 20 
a parallel of 20 degrees, and fo of any other 
point.

207. Thefe circles parallel to the horizon 
are called parallels of altitude, becaufe they 
ihew the élévation of the fun, moon, ftars, 
or planets, above the plane of the hori­
zon :

And the divifions on the quadrant itfelf 
in each cafe reprefent the diílance of every 
fecondary to the horizon.

PROBLEM XV.

To find the fun’s altitude at any 
given time of the day.

208. Set the center of the artificial fun to 
his place in the ecliptic upon the globe; 
and redify it to the latitude and zénith, by

problem
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problem xii. art. 189, &c. bring the center 
of the artificial fun under the ftrong brais 
meridian, and fetthe hour index to that XII 
which is moft elevated ; turn the globe to 
the given hour, and move the graduated 
edge of the quadrant to the center of the 
artificial fun ; and that degree on the qua­
drant which is eut by the fun's center, is 
the fun’s height at that time.

The artificial fun being brought under 
the ftrong brafs meridian, and the quadrant 
laid upon its center, will fhew its meridian, 
or greateft altitude, for that day.

If the fun be in the equator, his greateft 
or meridian altitude is equal to the élévation 
of the equator, which is always equal to the 
co-latitude of the place.

Azimuth or vertical circles.

209. An azimuth circle in aftronomy, is 
the very famé as a circle of pofidon in 
geography; they being fecondaries to the 
horizon, or great circles pafling through the 
zénith pf ąny place, and crofling the hori­
zon at right angles : either in the heavens, 
called azimuths ; or on the earth, circles of 
pofition.

I 4 Any
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Any azimuth circle may be reprefented 
by the quadrant of altitude, when the cen­
ter upon which it turns, is fcrewed to that 
point of the ftrong brafs meridian, which 
anfwers to the latitude of the place, and the 
place brought into the zénith.

Suppofe at London, if you bring the 
dividcd cdge of the quadrant to io degrees 
on the inner edge of the broad paper circle, 
it will reprefent an azimuth circle of i o de­
grees ; if you fet it to 20, it will reprefent 
an azimuth circle of 20 degrees j and io 
of any other.

If the quadrant of altitude be fet to o 
degree, that is either upon the eaft or weit 
points of the broad paper circle, it will then 
reprefent that fecondary to the horizon, or 
azimuthal circle, which is called the prime 
vertical.

PROBLEM XVI.

To find the azimuth of the Tun, or 
any ftar.

210. Reflify the globe to the latitude 
and fun’s place, art. 189, 190. then turn it 
to the given hour, and bring the divided 

edge
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edge of the quadrant of altitude to the fun’s 
place in the ecliptic, oř to the center of 
any ftar, and it will croîs the horizon at the 
azimuth required.

The diftance of that point of the horizon, 
in which the fun appears to rife or fet, 
counted from the prime vertical, art. 209. 
or eaft and weit points of the horizon, is 
called the fun’s amplitude.

COROLLARY.

To find the angle of pofition of 
places.

211. The angle of pofition is that formed 
between the meridian of one of the places, 
and a great circle pafling through the other 
place.

Reétify the globe to the latitude and 
zénith of one of the places, art. 189, 192. 
bring that place to the ftrong hrafs meri­
dian, fet the graduated edge of the quadrant 
to the other place, and the number of de- 
grees contained between it and the ftrong 
brafs meridian, is the meafure of the angle 
fought. Thus,

The
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The angle of pofition between the meri- 
dian of Cape Clear in Ireland, and St. 
Auguftine in Florida, is about 82 degrees 
north wefterly ; but the angle of pofition 
between St. Auguftine and Cape Clear, is 
oply about 46 degrees north eafterly.

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

COROLLARY.

To find the bearing of one place 
from another.

212. The bearing of one fea-port from 
another is determined by a kind of fpiral 
called a romb-line, pafling from one to the 
other, fo as to make equal angles with all 
the meridians it pafleth by ; therefore if 
both places are fituated on the famę parallel 
of latitude, their bearing is either eaft or 
weit from each other -, if they are upon the 
famę meridian, they bear north and fouth 
from one another j if they lic upon a romb- 
line, their bearing is the famę with it -, if 
they do not, obferve to which romb-line the

two
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two places are neareft parallel, and that will 
ihew the bearing fought.

Thus the bearing of the Lizard Point 
from the ifland of Bermudas is nearly 
E N E ; and that of Bermudas from the 
Lizard is W S W, both nearly upon the famę 
romb, but in contrary direćtions.

A parallel fphere

213. Is that pofition of the globe, in which 
the pôles are in the zénith and nadir, its axis 
at right angles to the equator and horizon, 
which coïncide ; and confequently thofe . 
circles which are parallel to the equator, are 
alfo parallel to the horizon.

The inhabitants of this fphere, if any 
there be, muft live upon the two terreftrial 
pôles, and will hâve but one day and one 
night throughout the year ; and the moon, 
during half her monthly courfe, will never 
rife, and during the other half will never 
fet : all the fixed ftars, vifible to thofe peo- 
ple> will deferibe circles every day parallel 
to their horizon.

A right
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A right iphere

214. Is that in which the inhabitants fee 
both pôles in their horizon, the equator 
pafîing through their zénith and nadir, and 
all the circles parallel to the equinoétial per- 
pendicular to their horizon.

Thefe people live upon the terreftrial 
equator, confequently ail the heavenly bo- 
dies will always rife and fet perpendicularly 
to them j and their days and nights will 
be of an equal length throughout the year.

An oblique fphere

215. Hath one of the pôles of the globe 
above, the other under the horizon ; the 
equator in ail the cafés of this fphere is half 
above, and half below the horizon, and ail 
its parallel circles eut the horizon obliquely.

That arch of any parallel of déclination 
in the celeftial, or of latitude in the ter- 
reftrial fphere that is above the horizon, is 
called the diurnal arch. And

The remaining part of it, which is below 
the horizon, is called the noéturnal arch.

Thefe



Cclßial and Terreßrial Globes. 125
Thefe arches, with refpećt to the fun’s 

apparent motion, détermine the different 
length of days and nights.

The inhabitants of this fphere are thofe 
who live on all parts of the earth, except 
thofe at the pôles and upon the equator.

Of the twilight.
That light which wc hâve from the fun 

before it rifes, and after it fets, is called the 
twilight.

216. The morning-twilight, or day-break, 
begins when the fun cornes within 18 de- 
grees of the horizon, and continues till fun- 
rifing.

The evening twilight begins at the time 
of the fun-fetting, and continues till it is 18 
degrees below the horizon.

For this purpofe on our new globes, a 
wire circle is fixed eighteen degrees below 
the furface of the broad paper circle • fo 
that

All thofe places which are above the wirc 
circle will have the twilight, but it will be 
dark to all places below it.

At the time of winter folftice, when the 
whole Ipace within the northern polar circle 

is 
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is out of the fun’s light, the greater part of 
it enjoys the benefit of twilight j there be- 
ing only about 5i degrees round the pole 
that will be totally dark.

We hâve herc only confidered the twi*  
light reflećted to us front the earth’s atmo- 
fphere by the fun himfelf ; befides which 
the body of the fun is always encompaffed 
with a fphere of light, which being of a 
larger circumfercnce than the fun, muft 
rife before him, and fet after him ; which 
confequently lengthens the twilight by illu- 
minating our air, when the fun is depretfed 
too Iow to reach it with his own light; 
this feems to be the caufe, why the fun is 
preceded by a luminous fegment of a circle 
in the eaft before his rifing, different froui 
that light reflećted by the atmofphere front 
the body of the fun -, the like to which may 
be obferved in the well after fun-iet.

To reprefent the earth’s cnlightened 
difc by the terrelirial globe.

217. We háve already iliewn how the 
earth’s diurnal motion is reprefented by the 
motion of the terreftrial globe about xts axis 

from
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from wert to eaft ; 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 con­
sidération, will be now employed to re- 
prefent a piane fuppofed to pafs through the 
center of the earth, perpcndicular to a cen­
tral folar ray : or in other words, perpen- 
dicular to a line fuppofed to be drawn from 
the center of the fun to that of the earth at 
ail times of the year.

In which cafe, the broad paper circle 
divides that half of the earth’s Surface, which 
is illuminated by the fun’s rays, from the 
-other hemifphere which is not enlightened.

218. That the globe may appear to be 
fo enlightened, conceive a fun painted on the 
ceiling of the room in which you are, 
direćtly over the terreftrial glóbe, and of the 
famę diameter; from whence imagine an 
infinite number of parallel rays falling per- 
pendicnlarly downwards upon the upper 
furface of the globe, which here reprefcrtts 
the illuminated hemifphere of the earth’s 
enlightened difc.

Whence
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Whence it is plain, that the central folar 
ray is the only one which paiTes through 
the centers ,of the fun and earth, as well 
as the only ray that can poffibly be perpen- 
dicular to the earth’s furface ; ail other 
folar parallel rays will fall more and more 
oblique, as they are farther from the cen­
tral ray, till their arrivai at the edge of the 
enlightened dite, here reprefented by the 
inner edge of the broad paper circle, where 
they will become parallel to the horizons 
of ail places then under the faid edge of 
the dife.

In one diurnal révolution of the earth, 
the central folar ray deferibes the parallel 
of the fun’s déclination ; or rather that pa­
rallel, to the inhabitants of which the fun 
that day will pafs direćłly vertical, or over 
their heads.

From this application of the terreftrial 
globe, we fee the natural caufe of the diffe­
rent altitudes of the fun at different times 
of the day, and at different feafons of die 
year ; which arife from the earth’s daily 
rotative and progreffive motion, &c.

When we view the globe in this pofition, 
we at once fee the fituation of ail places in

the
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the illuminated hemifphere, whofe inhabi­
tants enjoy the light of the day, while at 
the fame time all thofe places bclow the 
broad paper circle, are deprived of the fun’s 
light, and hâve only twilight fo far as the 
wire circle, and all below that, have total 
darknefs, when the moon does not ihinc on 
theip.

And by obferving the angles made by 
the meridians, drawn on the globe, cutting 
any parallel of latitude at the edge of the 
broad paper circle, with the ftrong brafs 
meridian, we fee the femi-diurnal arches 
continually decreafe from the elevated pole, 
till they corne to the oppofite part of the 
earth’s enlightened difc.

PROBLEM XVII.
To rcćłify the terreftrial globe, that 

the enlightened half of the earth’s 
furface may be all above the 
broad paper circle for any time 
of the year ; the fun being fup- 
P°fed in the zénith.

219. On the backfide of the ftrong brais 
meridian, and on each fide of the north pole,

K arc 
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are graduated, in two concentric fpaces, the 
months and days of the year.

Bring the day of the month to coincide 
with the broad paper circle, and the terref- 
trial globe is rećlified.

When the globe is thus rećlified, that 
degree and minute upon the graduated fide 
of the brais meridian, which is then eut 
by the piane of the broad paper circle, is 
the dilłance of the íhade of extuberancy 
upon the earth’s dilc, reckoned from the 
pole, and is equal to the fun’s déclination, 
for that day ; and is therefore ąlfo equal to 
the latitude, counted from the equator, of all 
thofe places to which the fun is- vertical ;, 
and this point on the brafs meridian reprc- 
fents the central folar ray deferibing the 
parallel of the day.

If now the globe be turned from weil 
to ealt, all thofe places which arrive at 
the weitem edge of tbe broad paper circle, 
are pafilng out of the twilight into the fun’s 
light; and the fun then appears rifing to 
ail the inhabitants.

At the famé time, if you look upon the 
eaiłern edge of the broad paper circle, it 
will eut all thofe places which are then 

pafling
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pafling from the fun’s light into the twi­
light ; whofe inhabitants will fee the fun 
fetting, and enjoy the twilight, until they 
arrive at the wire circle, which is placed 
18 degrees below the illuminated difc, at 
which time they enter into total darknefs.

The graduated fide of the ftrong brais 
meridian ihews, at the famę time, all thofe 
places which hâve mid-day or noon.

If the horary index be fet to XII, when 
any particular place is brought under the 
ftrong brafs meridian, it will ihew, as you 
turn the globe from weil to caft, the pre- 
cife time of fun-rifing, fetting, &c, at that 
place.

The horary index will alfo ihew how 
long a place is moving from the weft to 
the eaft lide of the illuminated difc, here 
repreiented by the bioad paper circle, and 
thencc the length of the day and night ; it 
will alfo point out the length of the twilight, 
by ihewing the time in which the place is 
pafling from the twilight circle to the edge 
of the difc on the weftern fide, or from the 
edge of the dilc to that circle on the eaftern 
fide ; and thereby determining the length of 
its whole artificial dav.

K 2 We
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We fhall prGcecd to exemplify thefe par- 
ticulars at the times of equinox and folftice.

PROBLEM XVIII.

The time of equinox.

220. The fun has no déclination at the 
times of equinox, confequently there muft 
be no élévation of the pôles.

Bring the day of the month on the back- 
fide of the ftrong brafs circle, in which the 
fun entcrs tire firlt point of Aries or Libra^ 
into the piane of the broad pąper circle, 
and then the two pôles of the globe will be 
in that piane alfo ; and all thofe circles which 
are parallel to the equator witl eut the piane 
of that broad circle at right angles, and the 
globe will then rcprefcnt a right iphere.

If you now turn the globe from weit to 
eaft, it will plainly appear, that ail places 
upon its furface are twelve hours above the 
broad paper circle, and as many below it. 
which íhews, that the nights are equal to the 
days to ail the inhabitants of the earth -} that 
is, they are illuminated by the fun’s rays 
twelve hours : whence thefe are called the 
equinoftial feafons, two of which occur in 

every
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every year ; the firíl is the autumnal, the 
fécond the vernal, equinox.

At thefe times the fun appears to rife and 
íet at the fame inftant to ail places in the 
fonie meridian.

But their twilight is longer as their fitua- 
tion is nearer to either pole ; in fo much 
that within 18 degrees of the pôles, their 
twilight is 12 hours, confequently there is 
no dark night in thofe places at the times 
of equinox : when at the fame time thofe 
places under the equator hâve only one hour 
and 12 minutes twilight ; fo that their arti­
ficial day is about 14 h. 24 min. at thefe two 
feaibns of the year.

Thus, if London and Mundford on the 
Gold Coaft, be brought to the ftrong brafs 
meridian, the graduated fide of which is in 
this cafe the horary index; (tho’ in other 
cafés the hour index is to be fet to that XII 
"which is mort elevated 5 ) if then they be 
brought to the weit fide of the broad paper 
circle, the index will point to VI o’clock 
for fun-rifing, and to VI for fun-fetting, 
when thefe places are brought to the 
eaitern fide.

K 3 Alfo,
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Alfo, if London be turned from the weft 
towards the eaff, and the hour index be fet 
to XII as before, if you turn it till the iiland 
of Jamaica cornes to the meridian, it will 
fhew, on the equator, the hour after noon 
at London, when it is noon at Jamaica ; or 
that London paffes under the meridian about 
5 h. 4 min. before Jamaica arrives at it.

' PROBLEM XIX.

The fummer folftice.

221. Rećtify the globe to the extremity 
of the divifîons for the month of June, or 
to 23 4 degrees north déclination 5 then that 
part of the earth’s furface, which is within 
the northern polar circle, will be all illu- 
minated by the fun, and the inhabitants 
thereof will hâve continuai day.

But all that fpace which is contained 
within the fouthern polar circle, will be at 
the famę time in the Ihade, and hâve con­
tinua! night.

222. In this pofitioo of the globe, we fee 
how the diurnal arches of the parallels of 
latitude decrcafe, as they are more and more 
diftant from the elevated pole.

223. If
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223. If any place be brought under the 

ftrong brafs meridian, and the horary index 
be fet to that XII which is mort elevated, 
and if that place be brought to the weitem 
íide of the broad paper circle, the hour in­
dex will iliew the time of fun-rifing ; and 
when moved to the eaftcrn edge, the index 
points to die time of fun-fetting ; the length 
of the day is obtained by the time iliewn by 
the horary index, while the globe is turncd 
from the weit to die eafl lide of the illu- 
minated difc.

Thus it will be found that at London the 
ihn rifes about 15 minutes before IV in the 
morning, and fets about 15 minutes after 
VIII at night.

At the following places it will be nearly 
at the times expreiTed.

K 4 We

Cape Horn
Cape of Good-Hope
Rio de Janario in Bra-1 

zil, near the tropie of ? 
Caprjcorn J

The ifland of St.Thomas (‘ 
at the equator i

Cape Lucas, the fouther- S 
moft point of Cali- ( 
fornia, at the tropíc Í 
of Cancer. J
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9 42

10 38

IZ 0

'3 36

Twi- 
light. 
h. ni.
2 35

' Z3

t 23

' 35
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We alfo fee, that at the time when the 
fun rifes at London, it rifes at the ifland of 
Sicily in the Mediterranean, and at the 
ifland of Madagafcar.

And that at the time when the fun fets 
at London, it is fetting at the ifland of Ma­
deira, and at Cape Horn.

And when it is fun-fetting at the ifland 
of Borneo in the Eaft Indies, the fun is 
rifing at Florida in America.

PROBLEM XX.

Winter folflice.

224. Rećtify the globe to the extremity 
of the diviüons for the month of December, 
or to 23! degrees fouth déclination.

At this feafon it will be apparent, that 
the whole fpace within the fouthern polar 
circle is in the fun’s light, and enjoys con­
tinua! day j whilfl: that of the northern po­
lar circle is in the íhade, and has continua! 
night.

Then if the globe be turned as before, 
the horary index will ihew, that at the 
fcveral places before mentioned, their days 
will be refpečtively equal to what their 

nights



Celeßial and Terreßrlal Globes. 137 

nights were at the time of thç fummer 
folftice.

It will appear to be fun-fetting at the 
time it was then fun-rifmg ; and on the con- 
trary, fun-rifing at the time it then appearcd 
to iet.

The terreftrial horizon,

225. As has been deßnibed art. 117. is 
a imali braß circle with one diameter that 
paffes through its center ; its circutnference 
is divided into cight parts, which are marked 
with the initial letters of the mariner’s com- 
pafs, the four cardinal points of the horizon 
b'eing diftinguiihed from the reff ; this may 
be flipped from pole to pole on the move- 
able meridian, and by this means be fet to 
any place upon the globe.

When the center of it is fet to any par- 
ticular place, the fituation of any other places 
is feen with refpeft to that place ; that is, 
whether they be eaft, weft, north, or fouth; 
thus it reprefents the ienfible horizon.

It will alfo ihew, why the fun appears at 
different altitudes and azimuths, although 
he is fuppoled to be always in the fame place.

PROBLEM
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PROBLEM XXL

The fun’s altitude, as obferved with 
a terreftrial or vifible horizon.

226. The altitude of the fun is greater 
or lefs, according as one of the parallel right 
lineš or rays, Corning from the fun to us, is 
farther from, or nearer to, our horizon.

Apply the terreftrial horizon to London, 
the fun being fuppofed in the zénith, or on 
the ceiling direétly over the globe.

If then from London a line pafs verti- 
cally upwards, the fun will be feen from 
London in that line.

At fun-rifîng, when London is brought 
to the weil edge of the broad paper circle, 
the fuppofed line will be parallel to the ter­
reftrial horizon, and from London will be 
then feen in the horizon.

As the globe is gradually turned from 
the weil towards the eaft, the horizon will 
recede from the line which pafles perpen- 
dicularly upwards j for the line in which 
the fun was then feen, fecms to glide far­
ther and farther from the terreftrial horizon ; 
that is, the fun’s altitude increafes as gra­

dually
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dually as that line déclinés from the ter- 
reftrial horizon.

When the horizon, and the line which 
goes from London vertically upwards, are 
arrived at the ftrong brafs meridian, the furi 
is then at his greatcft or meridian altitude 
for that day ; then the line and horizon are 
at the largeft angle they can make that day 
with each other.

After which, the motion of the globe 
being continued, this angle between the ter- 
reftrial horizon and the line, which goes 
from London vertically upwards, continu- 
ally decreafes, until London arrives at the 
eaftern edge of the broad paper circle ; its 
horizon then becomes vertical again, and 
parallel to the line which goes vertically up­
wards, and will then appear in the horizon, 
and be feen to fet.

PROBLEM XXII.

The fun’s meridian altitude at three 
different feafons.

227. Rećtify the globe to the time of 
winter folftice, art. 224. and place the center 
of the vifible horizon on London,

When



140 Defcription and Ufe oj the

When London is at the graduated edge 
of the ftrong brafs meridian, the line which 
goes vertically upwards, makes an angle of 
about 15 degrees; this is the fun’s meridian 
altitude at that feafon to the inhabitants of 
London.

228. If the globe be rećłified to the time 
of equinox, art. 220. the horizon will be 
farther feparated from the line which goes 
vertically upwards, and makes a greater angle 
therewith, itbeingabout 381 degrees; this 
Js the fun’s meridian altitude at the time of 
equinox at London.

229. Again rećtify the globe to the fum- 
mer folftice, art. 221. and you will find the 
vifible horizon recede farther from the line 
which goes from London vertically upwards ; 
and the angle it then makes with the hori­
zon, is about 62 degrees, which ihews the 
fun’s meridian altitude at the time of the 
fummer folftice.

Hence flows the following arithmetical

PROBLEM
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PROBLEM XXIII.

To find the fun’s meridian altitude 
univerfally.

230. Add the fun’s déclination to the 
élévation of the equator, if the latitude of 
the place and déclination of the fun are both 
on the fame fide.

If on contrary fides, fubtraćl the dé­
clination from the élévation of the equa­
tor, and you obtain the fun’s meridian al­
titude.

20 8

Thus, the élévation of the equator ať*
London

Sun’s déclination May aoth

Their fum is the fun’s meridian alti­
tude for that day at London

Again, to the élévation of the equator1?
at London, 2

Add the fun’s greateft déclination ať) 
the time of the fummer folftiee, J

Their fum is the fun’s greateft meri-1) f
dian altitude at London, J 1

W hence alfo flows another method,
To
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To find the fun’s greateft and leaft 
altitude uni verfall/.

» T ->

231. Add the fun’s déclination to, and 
fubtraćt it from the élévation of die equa- 
tor, their fum and différence will be the 
fun’s meridian altitudes, when he hath the 
famé déclination either north or fouth.

Th us, to and from the élévation of ? o o• >20 28the equator, J 3
Add and fubtraćt the fun’s decli-7 q g 

nation. 5

Their fum is the fun’s meridian alti-} „ ,
tude in fummer, j ° 3

( ----------
Their différence his meridian altitude"? ig 2Q 

in winter, S
having the famé déclination one north, 
the other fouth.

PROBLEM XXIV.

The fun’s azimuth compared with 
the vifible horizon.

232. Imagine the fun, as we hâve donc 
before, to be painted on the ceiling direćtly

over
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over the globe, art. 218. and a line going 
vertically upwards towards the ihn from any 
place on the furface of the globe :

If to that place you apply the vifible hori­
zon, that point of it which a vertical line is 
neareft to at any time, (hews the fun’s azi- 
muth at that time : and we muß alfo ob- 
ferve, that that point of the terreftrial or 
vifible horizon, to which a vertical line is 
neareft, is always the moft elevated point.

233. Rećtify the globe to the poíition of 
a right fphere, art. 214. and apply the vifi­
ble horizon to London. When London is 
at the weitem edge of the broad paper cir­
cle, which fituation reprefents the time 
when the fun appears to rife, the eaftern 
point of the vifible horizon being then moft 
elevated, íhews that the fun at his rifing is 
due eaft.

Turn the globe till London cornes to the 
eaftern fide of the paper circle, then the 
wertem point of the vifible horizon will be 
moft elevated, and fhew that the fun fets 
due wert.

If the globe be rećtified int» the pofition 
of an oblique fphere, art. 215. -and London 
be brought to the eaftern or weftern fide of 

1 • - the 
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the broad paper circle, the vertical line will 
départ more or lefs from the eaft and weit 
points : in which cafés the fun is faid to 
hâve more or lefs amplitude either north 
or fouth, as this departure tends to either of 
tftofe two cardinal points.

As the globe is turned to any particular 
time of the day, we ihall hâve the fun’s 
azimuth upon that point of the vifible hori­
zon which is moit elevated ; and this will 
be the point wherein a line going towards the 
fun is neareft to a vertical line j thus, if a 
line going towards the fun, be neareft the 
fouth-eaft point, the fun is then faid to hâve 
45 degrees azimuth eaftward, that point 
being 45 degrees from the meridian.

234. In ail pofitions of the globe in north 
latitude, when London is brought to the 
ftrong brafs meridian, the moft. elevated 
point of the vifible horizon will always be 
the fouth point of it, which fliews that the 
fun, at all feafons of the year, will appear 
to the fouth of the terreftrial horrizon in ail 
places included in the northern temperat® 
zone ; but to the north of it at thofe places 
within the fouthern temperate zone.

235. The
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235. The ancient diftindtion of the 
different places on the earth, ac­
cord ing to the diverfity of the iha- 
dows of upright bodies at noon.

PROBLEM XXV.

The afcii, or thofe who on a certain 
day projedl no íhade at noon.

236. Redtify the globe by problém xix. 
art. 221. to the time of the fummer fol- 
ílice, and apply the terreftrial horizon to 
any place fituated on the tropič of Cancer, 
as Canton in China, and obferve the fun’s 
meridian altitude with it, by bringing its 
center under the ítrong brafs meridian, art. 
226. it will then appear, that a line going 
vertically upwards, will be pcrpendicular to 
it, confequently the fun will be at that 
time diredtly over the heads of the inha­
bitants of Canton, and projedl no íhadow i 
therefore they are afcii, their noon-íhadow 
being diredtly under them.

L At
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At all other times of the day, their iha- 
dow is projećted, in the morning direćtly 
weftward, and in the evening direćłly eaft- 
ward.

The famę thing will happen to all the 
inhabitants, who live between the tropie 
of Cancer and that of Capricorn, if the ter- 
reftrial horizon be gradually removed frotn 
parallel to parallel within thefe limits, and 
the globe rećtified according to the day of 
the month as before direćted ; by bringing 
the fenfible horizon to the ftrong brafs me- 
ridian, to obferve the fun’s meridian alti­
tude, we ihall find him appear to be 90 
degrees high, or vertical, at noon, to every 
place between the tropics ; ail the inha­
bitants being afcii twice a year, except thofe 
on the tropics themfelves, who are afcii 
only once a year.

PROBLEM
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PROBLEM XXVL I

The inhabitants of all places be- 
tween the tropics of Cancer and 
Capricorn, are not only afcii, but 
amphifcii, whofe noon - ihadows 
are projećled fometimes towards 
the north, at other times towards 
the fouth.

237. Place the fenfible horizon on thé 
equator, and reítify the globe to the time 
of the equinox, art. 220. at which time the 
équatorial inhabitants are afcii at noon, 
having the fun full eaft of them all the 
morning, and full weil: all the afternoon.

The eaftern point of the fenfible horizon 
will be always uppermoft, or moft elevated, 
as the globe is moved from wert to eaft, 
till it cornes to the ftrong brafs meridian j 
and after it has paffed this, the weftern 
point will be moft elevated.

The fenfible horizon remaining on the 
equator, redify the globe to the time of the 
furnmer folftice, art. 221. and you will

L a find
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find the north point at noon will be moll 
elevated ; which plainly ihews, that the 
inhabitants of the equator will fee the fun 
fuli north at that feafon, and that their 
ihade will be projećted fouthwards.

238. If the globe be rećtified to the win- 
ter folftice, art. 224. the fouth point will 
be moft elevated, and the inhabitants will 
fee the lun on their fouth fide, which will 
projećt their ihadows northwards.

239. Heterofcii, are thofe who live be- 
tween the tropics and polar circles, whofe 
noon-íhadows are projećtedone way only.

Thofe in north latitude hâve their noon- 
íhadows projećted northwards 5 the fun at 
that time being always in the fouth.

And thofe in fouth latitude hâve their 
noon-tide fliadows projećted fouthwards ; 
the meridian fun always appearing to them 
in the north.

240. Perifcii are thofe who live within 
the polar circles, the fun going continually 
round them, their ihadow muft neceflarily 
go round them alfo.

If the fenfible or terreftrial horizon be 
applied to any of thefe places, and the globe 
rećtified according to the preceding direc­

tions,
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tions, it will fliew, that the fun appears to 
be more elevated at one time of the day 
than at another ; and alfo, which way at 
all times the noon and other íhadows are 
caft.

241. Antceci are two oppofite nations, 
lying in or near the fame meridian, one of 
them in north, the other in fouth latitude; 
they hâve both the famé longitude, and 
equal latitude, but on oppofite fides of the 
equator : they have oppofite feafons of the 
year, but the fame hours of the day.

242. Periœci are two nations fituated on 
oppofite fides of the globe, in the fame pa­
rallel of latitude, having the fame feafons of 
the year, and oppofite hours of the day.

Therefore their longitude rauft differ 
180 degrees.

243. Antipodes are two nations diame- 
trically oppofite, which have oppofite feafons 
as well as oppofite hours.

A ftraight line pafiing from one to the 
other niuft confequently pafs through the 
center, and therefore become a diameter 
of the globe.

Their longitude and latitude are both 
oppofite.

L 3 Thcfe
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Thefe are exemplified by rećtifying the 
globe into the pofition of a right fphere, 
art. 220. and bringing the nations under 
confideration to the edge of the broad paper 
ęircle. Thus,

The inhabitants of the eaftern parts of 
Chili are Antœci to thofe of New England -, 
•whofe Periceci live in the northern parts of 
China, who are alfo antipodes to the inha­
bitants of Chili.

We ihałl now proceed to exemplify the 
former precepts in ą few particular pro- 
blems,.

PROBLEM XXVII.

To find all thofe places on the globe, 
over whofe zénith the fun will 
pafs on any given day.

244. Rećłify the terreftrial globe, art. 
219. by bringing the given day of the 
jnonth, on the backfide of the ftrong brais 
meridian, to coincide with the piane of the 
broad paper circle, and obferve the éléva­
tion of the pole on the other fide ; and that 
degreç counted from the equator on the 
ftrong brąfs meridian, towards the elevate4 

pole,
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pole, is the point over which the fun is 
vertical. Now turning the globe, all thofe 
places which pafs under this point, have the 
fun direćłly vertical on the given day.

Thus bring the 1 Ith day of May, into the 
plane of the broad paper circle, and the faid 
plane will eut 18 degrees for the élévation of 
the pole, which is equal to the fun’s décli­
nation for that day j which counted on the 
ftrong brafs meridian towards the elevated 
pole, is the point over which the fun will be 
vertical. Now turning the globe round, we 
lhali find that Amalagan, one of the Ladrone 
iilands, the northern part of Manilla, the 
middle of Siam, a great part of Africa, and 
St. Anthony one of the Cape Verd Ilies, the 
fouthern fide of the iflands Porto-Rico and 
Domingo, and the northern part of the 
ifland of Jamaica, &c. have all of them the 
lün in their zénith on the 11 th of May.

Hence when the fun's déclination is 
equal to the latitude of any place in the 
torrid zone, the fun will be vertical to thofç 
inhabitants that day.

Hence alfo we derive the following

L 4 PRO-
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PROBLEM XXVIII.

To find the fun’s déclination, and 
thence the parallel of latitude cor- 
refponding therewith, upon the 
terreftrial globe.

245. Find the fun’s place upon the broad 
paper circle for any given day, art. 98. and 
feek that place in the ecliptic line upon the 
globe ; this will ihew the parallel of the 
fun’s déclination among the dotted lines, 
which is alib the correfponding parallel of 
latitude ; therefore ail thofe places through 
which this parallel paffes, have the fun in 
their zénith at noon on the given day.

PROBLEM XXIX.

To find thofe two days on which 
the fun will be vertical to any 
place between the tropics.

246. That parallel of déclination which 
paffes through the given place, will eut the 
ecliptic line upon the globe in two points,

» which
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which dénoté the fun’s place, againft which» 
on the broad páper circle, are the days and 
months required.

PROBLEM XXX.

The day and hour at any place 
being given, to find where the 
fun is vertical at that time.

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

Rećłify the globe to the day of the 
month, art. 219. and you have the fun’s 
déclination 18 degrees north ; bring London 
to the meridian, and fet the horary index to 
XII, turn the globe till the index points to 
the given hour on the equator, 4 minutes 
part V, then Port-Royal in Jamaica will be 
under the 1 8th degree of the ftrong brafs 
meridian, which is the place where the fun 
is vertical at that inftant.

PROBLEM
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PROBLEM XXXI.

The time of the day at any one 
place being given, to find all 
thofe places in which the fun 
is then rifing, fetting on the 
meridian, and where he is verti­
cal ; likewife thofe places, in which 
it is midnight, twilight, and dark- 
night, at the famé inftant ; as 
weil as thofe places in which the 
twilight is beginning and ending; 
and alfo to find the fun’s altitude 
at any hour in the illuminated, 
and bis depreffion in the obfcure, 
hemifphere,

248. Rećtify the globe to the day of the 
paonth, art. 219. on the backfide of the 
ftrong brafs meridian, and the fun’s décli­
nation for that day, which is equal to the 
élévation of the pole, is given upon the gra- 
duated fidc of the brafs meridian, by its 
coincidence with the plane of the broad 

paper
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páper circle ; bring the given place to the 
ftrong brafs meridian, and fet the horary 
index to XII, upon the cquator, turn the 
globe front wert to eaft, until the horary 
index points to the given time. Then

Ail tholè places, which lie in the plane of 
the wertem fide of the broad paper circle, 
fee the fun rifing, and at the famé time thofe 
on the eaftern fide of it fee him fetting.

It is then noon to ail the inhabitants of 
thofe places under the upper half of the 
graduated fide pf the ftrong brafs meridian, 
whilft at the famé time thofe under the 
lower half hâve mid-night.

Ail thofe places, which are then between 
the upper furface of the broad paper circle, 
and the wire circle under it, are in the 
twilight j which begins to ail thofe places 
on the wertem fide that are immediately 
under the wire circle, to which it is the 
dawning of the day 5 its end is at ail thofe 
places in the plane of the paper circle, on 
which the fun has juft begun to rife,

The contrary happens on the eaftern fidej 
the twilight is juft beginning to thofe places 
in which the fun is fetting, and its end is at 
the place juft under the wire circle.

And
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And ail thofe places which are under the 
twilight wire circle hâve dark night, unlefs 
the inoon is favourable to them.

Ali places in the illuminatcd heinifphere 
hâve the fun’s altitude equal to their diílance 
from the edge of the enlightened difc, which 
is known by fixing the quadrant of altitude 
to the zénith, and laying its graduated edge 
over any particular place.

The fun’s deprefilon is obtained in the 
fame manner by fixing the center of the 
quadrant at the nadir.

PROBLEM XXXII.

To find the time of the fun’s rifing 
and fetting, the length of day and 
night, on any day in the year, in 
any place, whofe latitude lies be- 
tween the polar circles, and alfo 
the length of the fhorteft day and 
night in any of thofe latitudes, 
and in what climate they are.

249. Rećtify the celeftial globe to the 
latitude of the given place, art. 189. bring 

the
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the artificial fun to his place in the ecliptic 
for the given day of the month ; and thcn 
bring its center under the ftrong brafs me- 
ridian, and fet the horary index to that XII 
which is moft elevated.

Then bring the center of the artificial fun 
to the eaftern part of the broad paper circle, 
which in this cafe reprefents the horizon, 
and the horary index ihews the time of the 
fun-rifing ; turn the artificial fun to the 
weitern fidc, and the horary index will ihew 
the time of the fun-fetting.

Double the time of fun-rifing is the length 
of the night, and the double of tliat of fun- 
fetting is the length of the day.

Thus on the jth day of June, the fun 
rifes at 3 h. 40 min. and fets at 8 h. 20 m. 
by doubling each number it will appear, 
that the length of this day is 16 h. 40 m. 
and that of the night 7 h. 20 m.

The longeft day at all places in north 
latitude, is when the fun is in the firft point 
of Cancer. And,

The longeft day to thofe in fouth lati­
tude, is when the fun is in the fitft point of 
Capricorn.

Wherefore
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Wherefore the globe being rećtified as 
above, and the artificial fun placed to the 
firft point of Cancer, and brought to the 
eaftern edge of the broad paper circle, and 
the horary index being fet to that XII which 
is moft elevated, on turning the globe from 
caft to weil, until the artificial fun coïncides 
with the weitem edge, the number of hours 
counted, which are paíled over by the horary 
index, is the length of the longeft day ; their 
complément to twenty-four hours gives the 
length of the ihorteft night.

250. If twelve hours be fubtraćted from 
the length of the longeft day, and the re- 
maining hours doubled, you obtain the cli«  
mate mentioned by ancient hiftorians : and if 
you take half the climate, and add thereto 
twelve hours, you obtain the length of the 
longeft day in that climate ; this holds good 
for every climate between the polar circles.

*

A climate is a fpace upon the furface of 
the carth, contained between two parallels 
of latitude, fo far diftant from each other, 
that the longeft day in one, differs half an 
hour from the longeft day in the other 
parallel.

The



Cekßial and Ťerrefirial Gtohcs. 159

The climates are reckoned from the equa- 
tor to the polar circle, where the longeft day 
is twenty-four hours ; from the polar circle 
towards the pole the climates are faid to 
encreafe by a whole natural day, till they 
came to a parallel under which the longeft 
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 artificial day, till they come to the pole 
itfelf, under which the day is fix months 
long.

PROBLEM XXXIII.
To find all thofe places within the 

polar circles, on which the fiin 
begins to ihine, the time he ihines 
conftantly, when he begins to 
difappear, the length of his ab- 
fence, as well as the fini and laft 
day of his appearance to thofe 
inhabitants ; the day of the 
month, or latitude of the place, 
being given.

251. Bring the given day of the month 
cn the backfide of the ftrong brafs meridian, 
; . to
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to the plane of the broad paper circle, tHe 
fun is jurt then beginning to ihine on all 
thofe places which are in that parallel, jurt 
touched by the edge of thc broad paper 
circle ; and will for feveral days feem to 
fkim all around, and but a little above the 
horizon, juft as it appears to us at its fetting; 
but with this obfervable différence, that 
whereas our fetting fun appears in one part 
of the horizon only, by them it is feen in 
cvery part thereof -, from weit to fouth, 
thence eaft to north, and fo to the weil 
again.

Or if the latitude was given, elevate the 
globe to that latitude, and on the backfide 
of the ilrong brafs meridian you obtain the 
day of the month, then all the other re- 
quifites are anfwered as above.

As the two concentric fpaces which con- 
tain the days of the month on the backfide 
of the ilrong brafs meridian, are graduated 
to ihew the oppofitc days of the year, at 
180 degrees diftance -, when the given day 
is brought to coincide with the broad paper 
circle, it ihews when the fun begins to ihine 
on that parallel, which is the firft day of its 
appearance above the horizon of that paral­

lel;
»
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lei : and the plane of the íaid broad páper 
çircle cuts the day of the month on the oj» 
pofite concentric fpace, when the fun begins 
to difappear to thofe inhabitants ; thus the 
length of the longeít day is obtained, by 
reckoning the number of days between th,q 
two oppofite days found as above ; and their 
différence frbm 365 days gives the length of 
thçir longeít night.

-•14 V-J ’ - • -•» Z —

PROBLÉM XXXIV.
• < , - <• • •/•••jí ** r*S  j

To find the length of any day in the 
year, in any latitude.

252. Elevate the celeftial globe to the lati- 
tüde, and fet the center of the artificial fuň 
to his place upon the ecliptic line óh the 
globe for the given day, and bring íts centtíř 
to the ítrong brafs meridian, placing the 
horary index to that XII which is moft cle-' 
vated ; then turn the globe till the artificial 
fun cuts the eaítern edge of the horizon, 
and the horary index will íliew the time of 
fun-rifing s turn it to the weitem fide, and 
you obtain the hour of fun-fetting.

M The
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The length of the day and night will be 
obtained, by doubling the time of fun-rifing 
and fetting, as bcfore.
•JL.1 jjdGlu.-.-U -'lvd.'. vi ï ój 

PROBLEM XXXV.
t . r J S f

To find the lęngth of the longeft 
and fhorteft days in any latitude.

253. Elevate the globe according to the 
latitude, art. 189. and place the center of 
the artificial fun for the longeft day upon the 
firft point of Cancer, but for the ihorteft 
day on the firft point of Capricorn, then 
proceed as in the laft problem.

But if the pla^e hath foyth latitude, the 
fun is in tire firft point of Caprięorn on their 
longeft day, and in the firft point of Caqcer 
on their ihorteft day.

Note, This problem is only to be ufed 
in fuch latitudes aą lie between the northern 
and fouthern polar circlcs.

PROBLEM
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PROBLEM XXXVI.

To find the latitude of a place, in 
which its longeft day may be of 
any given length between twelve 
and twenty-four hours.

254. Set the artificial fun to the firft point 
of Cancer; bring its center to the ftrong 
brafs meridian, and íět the horary index to 
XII ; turn the globe till it points to half the 
number of the given hours and minutes ; 
then elevate or deprefs the pole, till the 
artificial fun coïncides with the horizon, and 
that élévation of the pole is the latitude re- 
quired.

PROBLEM XXXVII..

To find the diftance between any 
two places.

255. Lay the graduated edge of the qua­
drant of altitude over both places, and the 
number of degrees between them is their 
diftance, which is reduced to geographical 
miles, by reckoning 60 to a degree, or

M». to
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to Engliih miles by reckoning 69-5 to one 
degree.

If both places lie under the famé meri- 
dian, their différence of latitude is the rdif- 
tance required.

If they are in the famé parallel of lati­
tude, their différence of longitude is the 
diftancc fought.

PROBLEM XXXVIII.
J JLw*-  > » J — • • qIJ i l

To find all thofe places which are at 
the famé diftance from a given 
place.

256. Reétify the globe by problem XII, 
art. 189. and bring the given place to the 
ilrong brafs meridian, over which fcrcw the 
center ttpon which the quadrant of altitude 
turns ; now move the quadrant round, and 
ail thofe places, that are eut by any one 
point on the quadrant, arc equally diftant 
from the given place.

PROBLEM
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PROBLEM XXXIX.». . i , / • I , ( , ,7i 1 , . . • * ’ 1' , '

To fhcw at one view upon the ter- 
reftrial globe for any given place, 
the fun’s mcridian altitude, his 
amplitude, or point of the con> 
pafs, on wliich he rifes and fets 
every day in the year.

257. Rećtify the globe to the latitude of 
the giyen place, art. 189. bring that place to 
the ftrong brafs meridian, and fet the horary 
index to XII, fcrew the quadrant of altitude 
to the zénith of the horizon, and bring it to 
the brafs meridian, you will then at one view 
fee the fun’s meridian altitude on every de- 
gree of the fun’s déclination for the whole 
year, eut by the graduated edge of the qua­
drant of altitude, on the dotted parallels; thefe 
dotted parallels at the famé inftant alfo eut 
the edge of the broad paper circle now re- 
prefenting tire horizon, in the point of thç 
compafs or amplitude, on which the fun is 
feen to rife on the eaft, or to fet on the weft 
fide of the horizon, for every degrce of dé­
clination throughout the year.

M 3 If
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If you trace any of thofe parał lels to the 
ediptic line, you hâve the fun’s place when 
he is upon that déclination, and thence the 
day and month upon the horizon.

Alfo, the knowledge of the fun’s place 
in the ecliptic line, ihews the fun’s déclina­
tion for that time amongft the dotted pa­
rallels.

. ÄJ1 • e, ’ ' e.t me ...
PROBLEM XL.

To ihew at one view upon the 
terrcftrial globe the length of 
the days and nights at any par- 
ticular place, for all times of the 
year.

258. Rcćłify the globe to the latitude of 
the place, art. 189. and the broad paper 
circle will reprefent the horizon : and the 
upper part of the dotted parallels of décli­
nation, which are here alfo parallels of lati­
tude, will reprefent the diurnal arches.

Whence we may obtain the number of 
hours each of them contains, which is the 
Solution of the problem. To illuftrate 
which,

Elevate
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Elcvate the globe to the pofition of a 
right fphere, art. 214. and you will, with 
«ne glance of the eye, fee that all the dotted 
parallels of déclination, as well as the equa- 
tor itfelf, are eut by the horizon into two 
equal parts.

Therefore the inhabitants on the cqui- 
nočtial line háve their days and nights 
twelve hours long ; that is, the fun is never • 
more nor ever leis than twelve hours above 
their horizon, during his apparent paflage, 
from the tropie of Cancer to the tropie of 
Capricorn, and thence to Cancer again.

All the fixed ftars hâve the famé apparent 
motion to the équatorial inhabitants ; that 
is, they rife and fet, continue above, and 
are deprefl’ed below, the horizon of any place 
upon the equator, exaétly twelve hours.

Raife the north pole of the globe a few 
degrees of latitude at a time, and you will 
fee the diurnal arches will increafe in length, 
until the pole is elevated to 66f degrees 
above the horizon : then the parallel of the 
fun’s greateft déclination will be as far from 
the equator as the place itfelf is from the 
pôle -, and this parallel is the tropie of Can-

M 4 cer,
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ťer, which will juft touch the horizon in 
the north point.

And on the contrary, we may obferve, 
ťhat the fouthern parallels of déclination 
Contin'aally (horten, as the northern ones 
lengthcn, until they come to the tropič of 
Capricorn.

Rečtify the globe to the latitude of Lon­
don 5degrees north : when the fun is in 
the tropič of Cancer, the day is about i6f 
hours ; as he recedes from thence, the days 
(horten, as the length of the diurnal arches 
of the parallels (hortens, until the fun comes 
to Capricorn, and then the days are at the 
fliorteft, being of the fame length with the 
nights, when the fun was in Cancer, viz. 
about 7Í hours.

Rećłify the globe to the altitude of the 
northern polar circle, and you will find, 
when the fun is in Cancer, he touches the 
horizon on that day without fctting, being 
completely twenty-four hours above the 
horizon : and when he is in Capricorn, hc 
once appears in the horizon, but does not 
rife for the fpace of twenty-four hours; 
when he is upon any other parallel of décli­
nation, the days are longer or (horter, as 

that
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that parallel is nearer to, or farther from, the 
equator.

Elevate the globe to the latitude of 80 
degrees north, at which time let the fun’s 
déclination be 10 degrees north, he then 
apparently feems to turn round above the 
horizon without fetting, and never fets from 
this point to Cancer, until in his return, 
after he has again pafied this parallel of 
déclination.

In the famé männer, when his déclina­
tion is J o degrees fouth, he is juft feen at 
noon in the horizon, and difappears from 
that time in his foutherly motion, till his 
return to the famé point.

Elevate the north pole to 90 degrees, or 
in the zénith, then the globe will be in the 
pofition of a parallel fphere, (art. 210.) and 
the equinočtial line will coincidc with the 
plane of the horizon : confequently all the 
northern parallel s arc above, and all the 
fouthern parallels below the horizon ; there- 
fore the polar inhabitants, if any there be, 
havc but one day and one night throughout 
the year ; tbeir day, when the fun is in his 
northern ; and their night, when he is in 
Łis fouthern, declinątiop.

This
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This method of rećłifying the globe for 
north latitude holds good in fouth latitude 
alfo, by elevating the fouth pole.

PROBLEM XLI.

To find what conftellation any re- 
markable flar, feen in the firma­
ment, belongs to.

259. Bring the fun’s place in the eeliptie 
for that day to the ftrong brafs meridian, 
and fet the horary index to that XII which 
is moft elevated, the celeftial globe being 
rećtified to the latitude, turn the globe till 
it points to the prefent hour ; and by the 
help of the mariner’s compafs, and attending 
to the variation, which at London is be- 
tween 20 and 21 deg. from the north, weft- 
ward, fet the north pole of the globe 
towards the north pole of the heavens.

The ftar upon the globe (if you conceive 
yourfelf in the center,) which direćts towards 
that point in the heavens, in which the 
ftar you want to know is feen, is the ftar 
required.

At the famę time, by comparing the ftars 
in the heavens with thofe upon the globe, 

the
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the other ftars and their conftellations may 
be eafily known ; whereby you will be 
enabled, any ftar-light night, to point out 
many of thofe ftars called correfpondents to 
various places on the earth.

PROBLEM XLII.

To find at what hour any known 
flar paffes the meridian on any 
day in the year.

260. Rećtify the globe to the latitude, 
(art. 189.) and fet the artificial fun to his 
place in the ecliptic : bring its center under 
the ftrong brafs meridian, and fet the ho- 
rary index to XII; then turn the globe 
till the ftar cornes to the meridian; and the 
horary index will point upon the equator 
to the hour on which that ftar will be upon 
the fouth part of the meridian.

If you turn the globe on till the center of 
the artificial fun is under that graduated 
fide of the brafs meridian, which is below 
the elevated pole, all thofe ftars, which are , 
then eut by that fide of the meridian above 
the faid pole, will pafs the meridian at 
midnight,

' PROBLEM
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PROBLEM XLIII.

To find on what day of the year 
any ftar paffes the meridian at any 
propofed hour of the night.

261. Bring the ftar to the ftrong brafs 
meridian, and fet the horary index to the 
propofed 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 fun’s place, againft which, in the 
kalendar upon the broad paper circle, is 
the day of the month.

PROBLEM XLIV.

To trace the circles of the fphere in 
the ftarry firmament.

262. We (hall folve this problem for the 
titne of the autumnal equinox ; becaufe that 
interfećłion of the equator and ecliptic will 
be direćtly under the depreifed part of the

* meridian about midnight ; and then the 
oppofite interfećłion will be elevated above 
the horizon: and alfo becaufe our firft 

meridian
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meridian upon the terreftrial globe paíTing 
through London, and the firft point of Aries, 
when both globes are rećlified to the lati­
tude of London, and to the fun’s place by 
problem XII, art. 189, 192. and the firft 
point of Aries is brought under the gra- 
duated fidć of each of their meridians, we 
lhali hâve the correfponding face of the 
heavens and the earth reprefented, as they 
are with refpećt to each other at that time, 
and the principal circles of each fphere will 
correfpond with each other.

The horizon is then diftinguiflied, if we 
begin from the north and count weftward, 
by the following conftellations ; the hounds 
and waift of Bootes, the northern crown, the 
head of Hercules, the ihoulders of Serpen- 
tarius, and Sobieiki’s iliield ; it paffes a little 
below the feet of Antinous, and thro’ thofc 
of Capricorn, through the Sculptor’s frame, 
Eridanus, the ftar RigelJ 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 reprefented by the 
equinodjal colure, which paffes through the 
ftar marked J i» the taił of the little bear, 

ń under
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under the north pole, the pole ftar, one of 
the ftars in the back’of Cafliopea’s chair 
marked ß, the head of Andromeda, the 
bright ftar in the wing of Pegafus marked 
y, and the extremity of the tail of the 
whale*

That part of the cquator, which is then 
above the horizon, is diftinguiihed on the 
weftern fide by the northern part of So- 
bieiki’s ihield, the ihoulder of Antinous, 
the head and veflel of Aquarius, the belly 
of the weftern fifh in Pifces ; it paflês 
through the headof the whale, and a bright 
ftar marked in the corner of his mouth, 
and thcnce through the ftar marked J in 
the beit of Orion, at that time near the 
eaftern fide of the horizon.

That half of the ecliptic which is then 
above the horizon, if we begin from the 
weftern fide, prefents to our view Capri- 
cornus, Aquarius, Pifces, Aries, Taurus, 
Gemini, and a part of the conftellation 
Cancer.

The folftitial colure, from the weftern 
fide, pafl’es through Cerberus, and the hand 
of Hercules, thence by the weftern fide of 
the cônftçllation Lyra, and through the 

dragons
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ftragon’s head and body, tbrough the pole 
point under the polar ftar, to the eaft of 
Auriga, through the ftar marked n in thd 
foot of Caftor, and through the hand and 
elbow of Orion.

The northern polar circle, from that part 
of the meridian under the elevated pole, 
advancing towards the weit, paffes through 
the ihoulder of the great bear, thence a 
little to the north of the ftar marked « in 
the drägon’s tail, the great knot of the dra­
gon, the middle of the body of Cepheus, 
the northern part of Cafiïopea, and bale of 
her throne, through Camelopardalus, and 
thé head of the great bear.

The tropie of Cancer, from the weftern 
edge of the horizon, paffes under the arm. 
of Hercules, under the Vulture, through 
the goofe and fox, which is under the beak 
and wing of the fwan» under the ftar calied 
Sheąt, marked ß in Pegafus, under the head 
of Andromeda, and through the ftar mark­
ed (p in the filii of the conftellation Pifces, 
afeove the bright ftar’ in the head of the ram 
marked a, through the Pléiades, between 
the horns of the bull, and through a group 
of ftars at the fqot of Caftor, thence above 

a ftar
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a ftar marked <?, betweèn Caftor and Pollux!, 
and fo through a part of the conffellation 
Cancer, wherc it dilàppears by pafling under 
the eaftcrn part of the horizon.

The tropie of Capricorn.from the weitem 
fide of the horizon, paffes thro' the belly, 
and under the taił of Capricorn, thenco 
under Aquarius, through a ftar in Eridanus 
marked c, thence under the belly of tho 
whale, through the bafe of the chemical 
furnace, whence it goes under the haro 
at the feet of Orion, being there depreffed 
under the horizon.

The fouthern polar circle is invifible to 
the inhabitants of London, by being under 
our horizon.

To find the time of the fun’s entry 
into the firft point of Libra or 
Aries ; and thence. that point in 
the equator to which the fun is 
vertical at either of thofe tirnes.• > i1 ‘ .

263. This requires the knowledge of a 
meridian that ihall pafs through that point 
in the equator, to which the fun is vertical 
at the times of equinox j but as this point
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is variable, a fixed meridian muß be firft 
obtained.

In Anno Domini 1753, the late Rev. 
Dr. Bradley obferved the fun to enter 
Libra September 22d. 10 h. 24 min. after- 
noon, new ftile, at the Royal Obfervatory 
at Greenwich.

As the earth’s diurnal motion is from 
weit to eaft, it caufes all places to the eaft 
of any other place to pafs firft under the 
fun ; therefore when the meridian of Green­
wich pafled under the fun that day, he was 
not then arrived at the interfeéling point of 
the earth’s equator and celeftial ecliptic, but 
wanted 1 o h. 24 min. which is cqual to 
156 degrees.

Whence the fixed or firft meridian fought 
is thus obtained, and lies 10 h. 24 min. 
in time, or 156 équatorial degrees wert of 
the Royal Obfervatory at Greenwich.

This meridian is marked by a dotted line 
on our new terreftrial globe ; it paiTes thro’ 
the great Pacific fea, and croifes one of 
the Ifles of St. Bernard, and the Ille des 
Mouches.

The next thing to be confidered is the 
neareft mean length of a tropical year, which

N is
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is a determinate fpace or interval of time 
betwcen the fun’s apparent paflage from 
one point of the ecliptic, until he returns to 
the famę point again*  or from one equinöx 
to the famę again, be it either vernal or 
automnal.

We take for our radix the automnal 
equinox, anno 706 of the Julian period, 
which we cali anno mundi o, and compute 
from Thurfday Oćl. 2jth, oh. o min. or 
noon, the fun bcing then fitppofcd to be 
in the firft point, of Libra on the meridian 
before mentioned, and vertical to that point 
of the equator, which lies 156 degrees weil 
of Greenwich.

And alfo in the meridian of Greenwich, 
Oćt. 25th. 10 h. 24 m. ùpon the 298^ 
day from the calends of January.

The tropical year thus reckoned exceeds 
the Egyptian year 5 h. 49 min. and is but 
11 minutes fhort of the Julian year ; fo 
much being annually allowed for the retro- 
ceflîon of the equinox, confequently the 
mean length of a tropical year is 365 d. 5 h. 
49 min.

We are induced to meafure time by this 
quantity, becaufe aftronomers unanimoufly

agree,
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agréé, that the earth paffes through ail thc 
figns of the ecliptic, lb as to complété the 
circle in 3650. 5 h. 49 min.

See the refpeétive tables of Rudolphus, 
Tycho Brahe, Caflini, Sir Jonas More, 
Mr. Flamfted, Dr. Hailey,- Mr. Meyer, 
and Mr. Mafkelyne ; whereby it will appear 
that

6 o / //
The fun’s mean motion in?

365 daysis J 11 45 4°
in 6 hours 14 47

o o o 27 
Subtraél, for retroceflion, >

the fun’s mean motions 27
in 11 minutes of time, y

0000

d. h. m.
The quantity of one Julian?

year is, •f.-’
from which fubtraćt the?^

retroeeffion J

Thereforc the remainder 365 5 49
complétés the circle, and not one fécond 
of time more or lefs can be produced from 
any tables extant.

N a And



iSo Defcriptiûn and Ufe of the

And the différence betwecn calculating 
downwards from the epoch A. J. P. 706, 
and calculating backwards in the modern 
praćłicc, from the various epochs in the 
moft celcbrated tables, is, that in thofe laft 
epochs, the 11 minutes of retroceflion hâve 
not bcen confidercd.

d. h. m.
From the vernal to the au-7 0,

„ 1 • i li ritumnal equinox j j

From the automnal to the i n
vernal equinox J ‘ 5°

365 5 49

The equinoxes regularly fall every year
5 h. 49 min. later in the day, than in the 
preceding year, and at the end of every 
annual motion of the earth, the equinočtial 
interfećłion changes its meridian weftward 
of that in which it feil the year beforc, juft 
87 deg. 15 min.

Precepts for the ufe of the tables 
of retroceflion and autumhal 
equinoxes.

264. Firft, Find the number of years 
from the radix : If the given year is be- 

fore
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fore the Chriftian Æra, fubtraćt it from 
4008 ; the remainder is the year from the 
radix.

\ Secondly, If any year fince the Chriftian 
Æra be given, add it to 4007, their fum is 
the year from the radix.

Thirdly, Colleft the days, hours, and 
minutes of retroceffion, and autumnal equi- 
noxes from the table, accörding to the 
number of years from the radix, in thou- 
fands, hundreds, tens, and units ; add thefe 
into two fums, the firft will be the retro­
ceffion, the fécond the time of the equinox 
in that meridian which lies 156 degrees 
weit of Greenwich Obfervatory ; to which 
add 10 h. 24 m. and youobtain the time at 
Greenwich.

This method will ferve for any other 
meridian alfo, if you add its différence in 
time from the fixed meridian.

Solar tropical years thus reckoned be- 
gin and end at the autumnal equinox, and 
all Julian years begin and end at the ka- 
lends of January *.

* 7 he kalends of January begin from the noon 
of the prcceding day ; that is, from the noon of the 
day before the firft day of January.

N 3 In
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In comparing folar tropical years with 
Julian years, by which we ftill compute 
jime, obíervc, that the laft nine monthç 
of any folar tropical year anfwer to the firft 
nine months of that Julian year with which 
it is compared ; and that the firft thrce 
months of the next fucceeding tropical year 
anfwer to the three laft months of that famc 
Julian year with which it is compared.

The zçSth day from the kalends of Ja­
nuary, which was Thurfday in the yoóth 
year of the Julian period, the fun cntercd 
Libra at noon; at which inftant it was roh. 
24 min. paft noon at Greenwich.

In all calculations of automnal equinoxes, 
we. take the famé 2981h day, or Octobcr 
251h in the radical year o, for our epoch.

And to gain the day of the month in 
which the equinox muft happen lince the 
radix,

Add the numbcr of days, hours, and 
minutes jn the retrocefiion, to the days, 
hours, and minutes of the equinox in the 
fixed meridian, and you obtain the Julian 
days and hours from the radix.

Add the epoch 298 to the days of the 
^ropical redućtion, and from their fum fub- 

traét
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traćt the intire days of the Julian réduc­
tion, the remainder is the number of days 
from the kalends of January old ftile; 
add thereto eleven days, and ypu obtain the 
number of days from the faid kalends of 
January new ftile; from which if you dedućt 
the neareft lefs number in the table of 
months (which numbers exprefs the laft 
days of each month) the refidue is the day 
of the fucceeding month.

But when the fum of the Julian réduc­
tion contains eighteen hours above entire 
days, it is a biflextile year ; then one day 
more muft be added to the entire Julian 
days before the fubtraćtion is madę.

When there are no hours in the Julian 
redu&ion, that is the firft year after a biflex­
tile ; if fix hours, the fécond ; if twelve 
hours, the third ; and when eighteen hours 
above entire days, it is the biflextile year.

And when the laft refait exceeds 12 
hours, add 1 to the days, and fubtraćt 12 
from ||ie hours, and you change the time 
from aftronomical to the civil reckoning.

To gain the time of the equinox on any 
other meridian, add the différence of meri- 
(liąps to the time found in the firft mer i-,

N 4 dian,
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dian. Thus for London or Greenwich we 
add 10 h. 24 min. for Paris 10 h. 33 min. 
20 fec. for Alexandria in Egypt 12 h. 
25 min. &c.

To gain the week-day.

265. Divide the days of the tropical re- 
duétion by 7 ; if o remains, it is Thurfday ; 
if i, Friday; 2, Saturday ; and 3, Sundayj 
and fo on to 6, which is Wednefday, as in 
the table of week-days.

To obtain the time of the vernal 
equinox.

266. Firft find the autumnal equinox for 
the lame year in which the vernal equinox 
is requiredj and from it fubtrad 186 d. 
11 h. 51 min. which is the diftance in time 
from Aries to Libra ; their différence will be 
the time of the vernal equinox required.

The day of the month, and week-day 
found as above, we obtain the literal cha- 
raćłer for that day as follows.

In the table of months ftand the literal 
charaćters, that are placed agaijaft the firft

day
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day of each month in any common al- 
manack.

And whatever letter ftands againft the 
firft day of any month, the 8th, i jth, 22d, 
and 2çth days of that month, are ail cha- 
raćterifed with the famé.

A circle of the 7 literal, or week-day 
charaéters.

The day of the month änd week-day 
given, to find its literal charaéter 
and dominical letter for that year.

267. A. D. 1772, theautumnal equinox 
will happen at Greenwich, September 22d, 
oh. 55min. onaTuefday.

Quere, The literal charaćtcr for that day 
and dominical letters for that year, it being 
biffextile ?

The
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The literał charąćłer for the i il of Sep­
tember is F j fo alfo is the 22d, and Tuefday 
jn the prefent queftion. Look on the circle 
of week-day charaćters, cali F Tuefday, 
G Wednefilay, A Thurfday, and fo on to 
Sunday which falls upon D, the laft of the 
two dominical Jctters for that year, ferving 
from the intercalary day to the year’s end.

The firft dominical letter for leap-years is 
the next in the circle, and ferves for January 
andFebruary, which in this example is E.

Therefore the two dominical letters for 
the biflextile year 1772 are E D new ftile.

In any common year, the letter firft found 
ferves for the whole year.

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

Quere, What day of the week is the 
2oth day of March, A. D. 1772 ?

The Literal charaćter for the 1 il of March 
is D, fo is the i $th, and the 2oth being j 
days more, if we count from D, which 
happens to be the dominical letter, to E 
Monday the 16th, wc ihall find B is Friday 
the 2oth day of March, A. D. 1772, new 
ftile.
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If the dominical letters were required 

for old ftile, in thefe examples the firft 
would be the nth of September 1772, 
whofe litera! charaćter is thus found, F the 
iii day of September, and alfo the 8th, 
G the çth, A the loth, and B the nth, 
and by the folio wing calculus Tuefday, 
therefore A C are the dominical letters old 
flile? A. D. 1772.

268. Re-
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268. Required the autumnal equinox at 
Alexandria in Egypt, in the 1461h year 
before the Chriftian Æra.

4OO8 K
--- I46

A M. 3862 or years from the radix, Oft. 25, A. J. P. 706.
Retroceßion. Tropical reduftion

years à radix. d. h. min. days à radix. h. min.
3000 22 22 0 1095727 2 0
800 6 2 40 292193 21 20
60 0 1 1 0 21914 ’3 0

2 0 0 22 730 11 38

29 12 2 7)1410565 23 58

Tropical day 565
epoch 4- 298

weeks 2015094-2 Saturday. 
d. h. min. 

tropical time 1410565 23 58 
retroceflion 4- 29 12 2

863
Julian days—595

268
for Auguft— 243

Julian redućlion 1410595 12 o 
the 3d year after 
biflextile.

Ä Sept. 25 h. min.
à kal. Jan. 268 23 58 fixed meridian. 
meridian dift. -f- 1225

the fun in the firft point of Î 6 „ at Alexandria.
Juibrä Sept. 20^

On a Sunday, dominical letter B, in the 147dl 
year before the Chriftian Æra.

269. To
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269. To find the time of the vernal 
equinox in the famé year, and at the fame 
place.

d. h. min.
From the autumnal equinox. Sept. 26, à ) ,

kal. Jan. | 269 12 23

fubtraćl the diftance in tijne between T ) o,
and A I ,86 ” 5’

83 u 32 
for February .9

the fun in the ift point of Aries at Alex- ) 
andria before Chrift 146 years, March J *4 ° 32

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

4007
+‘768

A. M. 5775 or years from the radix

weeks 301324-I-6 Wednefday.

Or «1 Retrocefiion. Tropical reduftion.
ears à radix. d. h. min. daysàradix. h. min.

5000 38 4 4° 1826211 19 20
700 5 8 20 255669 15 40

70 O 12 50 25566 23 IO
5 0055 1826 5 5

44 » 4Î 7)2109274 15 15

r l

Tropical
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Tropical days 274 tropical time 2109274 15 15
epoch 298 retroceflion-}- 44 2 45

572 2109318 18 o
Jul.days-}-1—319 bccaufeof the 18 h. biflextile year.

253 à kal. Jan. old ftile 
for new ftile-j- 11 days

264 à kal. Jan. new ílile
for Auguft— 243

Q in â Sept 21 d. h. min.
in the fixed meridian à kal. Jan. 264 l; 15 

meridian dift.o 10 24

the fun in the ift point of Libra at Green- ) , wich, Sept. 22, J 26S 1 39

271. To find the time of the vernal equi- 
nox, A. D. 1768.

the fun in Aries at Greenwich, A. D. 1768, Mar. 19 13 48

78 13 48 
for Feb. 59 o o

d. h. min.
From the autumnal equinox, Sept. 22, 265 1 39

fubtraćt dift. T a ä 186 11 51

272 Having
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272. Having found the autumnal and 
vernal equinoxes fbr the biflextile year, A. D. 
1768, we obtain them for the three fol- 
lowing years by continually adding thereto 
5 h. 49 min. thus

f

C in T d. h.inín. 0 in Ä d. h. m.
1768, March 19, 78 13 48 - 1768, Sept. 22, 265 1 39

+ S 49 + 5 49

1769, Mar. 19, 78 19 37 - 1769. Sept. 22, 265 7 28
 + 5 49 + S 49

- ... .
«770, Mar. 20, 79 i 26 - 1770, Sept, 22. 265 13 17

-F S 49 + 5 49

1771, Mar. 20, 79 7 15 - 1771, Sept. 22, 265 19 6

273. Required the time of the autumnal 
equinox at Greenwich, A. D. 1772.

4007
’772 t 
___ u

A. D. 5779 ffr years from the radix.
Retroceflion. Tropical reddition, 
d. h. min. days à radix h. min.

38 4 40 1826211 19 20
5 8 20 255669 15 40
o 12 50 25566 23 10
o i 39 3287 4 21

44 3 29 7)tiio735 14 31

wecks 3015334-4 Monday.

Tropical

years à radix.
5000 

7'00
7°

9
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Tropical days 73; to the tropical time 2110733 14 Jr 
epoch-J- 298 retroceflion44 3 29

J033 2110779 ,8 o
Jul. day$4-i—786 becaufe of the 18 h. biflextile year.

253 à kal. Jan. old ílile
for new ílile -{- 11 days

264 à kal. Jan. new ílile
for Auguft — 243

QinLibra Sept. 21 d. h. min.
in the fixed meridian à kal. Jan. 264 14

meridian dift. 4- o 10 24

the fun in the firft point of Libra at Green- ) , 
wich, Sept. 22, 0 S3

On a Tuefday : Dominical letters È D.

274. To obtain the vernal equinox,
A.D. 1772.

d. h. min.
Frotn the antumnal equinox, Sept. 22, ? 

à kal. Jan. j 2ÓJ 0 55
dift. front Aries to Libra 186 ii 5*

« 78 '3 4
for February 59 * r

thefun in the iftpointof Aries at Greenw. Mar. 19 «3 +

We find the two equinoxes in the threc 
next fucceeding common years, as in the 
preceding example, by the continuai addi­
tion of 5 hours, 49 minutes.

By
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By this method of calculation, we avoid 

any miftake that might happen with refpećt 
to the intercalary day ; becaufe we find the 
autumnal equinox firft, and thence the v'ernal 
equinox, which always falls after the inter­
calary day, and alfo becaufe tropical time has 
no biffextile years.

To reduce hours, minutes, and 
féconds of time, into degrees, 
minutes, and féconds of the e- 
quator.

275. Divide the féconds of time by 4, 
the quotient is minutes, and rerrtainder fo 
many times 15 féconds.

Divide the minutes by 4, the quotient is 
degrees, and reťnainder fo many times 15 
minutes.

Multiply the hours by r 5, the produit 
is degrees.

Example.
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Example.

Reduce uh. 35 min. 27 fec. of time 
into degrees, minutes, &c. of the equator.

fec. min. h. deg. min. fec.
4)27 4)35 11 >65 0 0

»5 8 45 0
6/ 45« 8° 45'

165°
0 6 45

anfwer 173 5« 45

To reduce degrees, minutes, and 
féconds of the equator, into hours, 
minutes, and féconds of time.

276. Divide féconds by 15, the quotient 
is féconds, and remainder fo many times 
4 thirds.

Divide minutes by 15, the quotient is 
minutes, and remainder fo many times 4 
féconds.

Divide the degrees by 15, the quotient is 
hours, and remainder fo many times 4 
minutes.

Example.
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Example.

We are now prepared to folve the lat- 
ter part of the lait problem, which is as 
follows.

Reduce 173 deg. 51 min. 45 fec. of the 
equator, into hours, minutes, and féconds of
time.

J ’*-•!  IM
fec. min. dig. h. h. min. fec.

»5)45(3" 15(5>(3' » 5)‘73(«1 11 32 0
45 45 •5 0 3 »4
•— 0 0 3
0 6=24" 23

‘5

«=32Z

II 35 27 anfwer.

PROBLEM XLV.

To find all thofe places in which it 
is noon at the time of an equinox, 
as well as that point upon the 
equator, to which the fun is ver­
tical at that time.

277. Having found the time of an equi­
nox by the preceding, or any other method 
of calculation, as in the firft example, we

O 2 find
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find the fun entered the firft point of Aries 
at Alexandria in Egypt, March 241h, o h. 
32 min.

The 32 minutes of time reduced to the 
equator, are equal to 8 degrees.

Therefore bring Alexandria under the 
graduated fide of the ftrong brafs meridian, 
and fet the horary index to XII upon the 
equator, turn the globe from weft to eaft 
until 32 minutes of time, or 8 degrees of 
the equator have paffed under the horary 
index, where flop the globe ; then all thofe 
places under the faid graduated fide of the 
ftrong brafs meridian will have noon, and 
that degree of the equator, which is then 
under the meridian, is the point to which 
the fun was at that inftant vertical, and is 
the interfećting point of the equator and 
ecliptic, or that terreftrial meridian, which 
governs the paflage of the firft point of 
Aries for that yeąr.

The
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î " •• r!a d lic -• w/4

The vernal equinox, A. D. 1772, 
will fall on the igth day of 
March, at 13 h. 4 min. which 
reduced to tl)e dcgrees and mi­
nutes of the equator, is eqúal to 
196 degrees. 

>

278. Bring London to the itrong brafs 
meridian, and fet the horary index to XII, 
(in this cafe the graduated fide is the ho­
raly index) turn the globe from weit to 
ealt until 13 h. 4 min. of time, or 196 de­
grees of the equator hâve pafled under the 
horary index, where ítop the globe ; the 
ręóth degree of the equator will nów be 
tound under the graduated fide of the brafs 
meridian, and isthat point on which the fun 
will be vertical at noon ; at which inftant 
it will bc 13 h. 4 min. palt noon at London 
or Greenwich. 

■
The meridian paiTing through this point, 

wili be Pen to pafs a little eąilward of 
Kamkatlka through the Pacific Sca acrofs 
the ii. md Dicerta, thcnce cali of the iile 
1 autnago, and through the weftern part of 

O 3 New
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New Zéland ; all which places will hâve 
noon at the inftant of that vernal equinox.

The autumnal equinox, A. D. 1772, 
will happen September 22, oh. 
55 min. at London, the 55 min. 
being equal to 13 dęg. 45 min. 
of the equator.

279. Bring London to the graduated fide 
of the ftrong brafs meridian, and fet the 
horary index to XII, turn the globe from 
weit to eaft, until 55 minutes of time, or 
13 deg. 45 min. of the equator háve paífed 
under the horary index, where ftop the 
globe j here, as in the laft example, the 1 3 th 
degree and 451h minute is that point upon 
the equator to whiçh the fun is vertical, 
and the meridian pafllng through this point, 
lies under the graduated fide of the ftrong 
brafs meridian $ which paffes over the mid­
dle of Greenland, and through the Atlantic 
Ocean to the ęaft of Teneriffe, a little to the 
wert of Afcenfion Ifland, and thence through 
the Ethiopie Ocean, at which places it will 
be noon at tbe time of tłfis autumnal equinox.

Here
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Here it will be proper to give the reader 
a íhort account

Of the natural agreement between 
the celeftial and terreftrial fpheres ; 
or, How to gain a perfećt idea of 
the fituation and diftance of ail 
places upon the earth, by the fun 
and ftars.

280. That part of the firmament, which 
is in the zénith of London, is perpendicular 
to half the globe of the earth ; which half 
ćomprehends almoft ail the habitable land 
of Europe, Afîa, Africa, and America, with 
their coafts, capes, land, and feas ; fince 
under the other celeftial hemifphere, which 
we do not fee at the famé time, there are 
only very inconfiderable lands and ifles.

The inhabitants of Great Britain and Ire- 
land nearly fee the famé half of the firma­
ment adorned with ftars and planets, which 
at ail times fupply the place of an immenfe 
map of the world j and fliew our terreftrial 
hemifphere by the ftars, conveying the cor-

O 4 refpondent 
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refpondent marks of the two continents to 
our fight and mind.

The fun, by his apparent daily motion, 
feems to defcribe a kind of fpiral, in palling 
from one tropie to the other and back again, 
continually changing his déclination, and 
every day dęfcribing a different parallel, 
art. i7í.

Forty-feven of thefe diurnal parallels.are 
drawn oň our new terreftrial globe, art. 177, 
178. between the tropics of cancer and capri- 
com, reprefenting the parallels for every de- 
gree of the fun’s déclination.

Bcfore the reader proceeds, he is defired 
in order to be perfeétly acquainted with the 
caufe of the daily change in the fun’s décli­
nation, to go back to art. 18 and read from 
thence to the iSgth art.

Which being done, it will be eafy to 
conceive, that the fun being in any one of 
thefe parallels, mufł necefiarily cali his per- 
pendicular rays that day upon the heads of 
the inhabitants of thofe places through which 
that parallel of déclination paffes.

Note, Although thefe 47 parallels are 
bere called parallels of 4eclinatÎQn, they are

alfo
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alfo parallels of latitude upon the terreftrial 
globe.

From thefe principles we obtain the fitu- 
ation of thofe places, to which the fun is 
vertical every day in the year ; we alfo find 
the time of that day at the place of any ob- 
fcrver, from whence looking at the fun, we 
may pronounce him to be over the heads of 
the inhabitants of divers cities and fiâtes, 
during the lèverai hours of that day, and fo 
on for every day in the year.

The fun bcing perpendicularly over any 
one of thefe diftant cities or principalities, 
at the time of our obfervation, if a plumb- 
line be held up betweeh the obferver and 
the fun, fo as to pafs through or before 
the fun’s center, it will eut the vifible 
horizon in a point, that will fix the bearing 
or paflàge in a rfght line from the obferver 
to that place, upon which the fun is then 
vertical.

A point thus noted upon the vifible ho­
rizon may be feen at ail times, and repre- 
fent the famé bearing, independent of the 
fun and fiars, and that in fuch a confpicuous 
manner as to render this knowledge always 
eptertainjng, ufefu), and interefiing.

’ Thç
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The ftars at night perform the famę more 
copioufly, by pointing out to our fenfes the 
diftance of many remote provinces, at one 
and the famę inftant of time, from our owa 
zénith.

Hence we are in poíTcfiion of a moft 
extenfive field, wherein we may correft and 
improve our aftronomical and geographica! 
knowledge.

Examples of folar correfpondents.

PROBLEM XLVI.

To find the folar correfpondence to 
a fixed point upon the earth, 
when the fun is feen by an ob- 
ferver, fituated upon any other 
point of its furface.

Example I.

281. Let the obferver be in London (or 
in any of the country places within thirty 
miles of it) upon the joth day of March, 
at 10 minutes paft XI o’clock in the • 
morning.

i- Quere,
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Quere, The place upon which the fun 
will be vertical at that time ?

Rećtify the globe, by bringing the ioth 
of March, engraved on the back of the 
ftrong brafs meridian, to the piane of the 
broad paper circle ; find the funs place, 
againft the day of the month in the kalen­
dář, which will be about 20 deg, 10 min. 
in Pifces ; feek thefe degrees and minutes 
in the fign Pifces upon the eeliptie line on 
the globe, and you will find it fali upon 
the fourth parallel of fouth déclination : to 
ail the inhabitants on this parallel, the fun 
will be vertical that day. Now bring I r h. 
jo min. on the equator to the graduated 
fide of the ftrong brafs meridian, and you 
will find it eut the fourth fouthern parallel 
upon the city of Loango, on the wertem 
coaft of Africa.

Therefore if you look at the fun to mi­
nutes paft XI in the morning at London, 
you will then fee him at the inftant he is 
direćtly over the heads of the inhabitants of 
the city of Loango in Africa ; at the famę 
time, your ideas are madę fenfible of the 
comparative djftance, which you fee in the 
firmament between the zénith of London, 

under 
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under which you itand, and the fun, which 
is then in the zénith of Loango ; alfo if at 
the tiine of -your obfervation, you caufe a 
plumb-line to be held up between you and 
the center of the fun, and caft your eye 
down towards die mort diftant part of your 
fenüble horizon, the plumb-line will eut 
a point thereon, which, if remeinbered, will 
always iliew you the truc bearing or point 
of the compafs, in a direćt line from your 
fituation, to that of Loango.

This diftance and bearing may be nearly 
found by the globe thus :

Elevate the globe to the latitude of Lon­
don, that the broad paper circle may repre- 
fent your horizon lcrew the nut of the 
quadrant of altitude in the zénith, that is, 
upon 51 deg. 32 min. counted from tire 
èquator fowa’rds the elevated pole, bring 
London under that point, and lay the gra- 
duated edge of the quadrant upon Loango, 
which will ‘eut the bearing 15 degrcês, 
reckoned frotta the fouth towards the caft, 
or between the points S S È and S b Ej now 
feparate the quadrant from the globe, and 
lay its gradüated edge upon Loango and 
London, lb that the beginning of the gra­
duation may lie upon oiïe of the places, then

; 7 the
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the other will eut Jj6 degrees, which is 
equal to 3360 geographical miles, or 3892 
Engliih miles, the diilance between London 
and Loango.

To elucidate this example, we ihall trace 
the fun’s verticity over that part of this day’s 
parallel of déclination, which is included 
between the rifing and fetting fun at Lon­
don for that day.

Imagine, as we hâve before fuppofed, an 
image of the fun to be painted upon the 
cieling of the room, direćtly over the ter- 
reftrial globe.

Let the globe be rećłified to the ioth 
of March, place the center of the artificial 
horizon upon London, and bring it into a 
coincidence with th,e weil fide of the plane of 
the broad paper circle, now reprefenting the 
edge of the earth’s illuminated dife -, we 
ihall then hâve the pofition of the earth 
with refpeél to the fun for that day ; when 
the inhabitants of London will be leaving 
the twilight, and pafiing into the firil point 
of day, or fun-rifing, at about 18 minutes 
paît VI in the morning, eut by the gra- 
duated fide of the flrong brafs meridian on 
the hour line upder the equatorj at xhis 

time, 
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time, the meridian will likewife crofs the 
fourth parallel of fouth déclination, in the 
Indian ocean, between the iiland of Sumatra 
and the Maldive Ilies ; if we look upon the 
fun that morning at the inftant of his riling, 
we ihall fee that his diftance from our zénith 
will then be 90 degrees, he being in our 
horizon, which is equal to 5400 geogra- 
phical or 6155 Englilh miles, the diftance 
from London to that part of the Indian Sea ; 
turn the globe from weft to eaft, until 
8 h. 12 min. are under the horary index, 
which in this cafe is the ftrong brafs meri­
dian, and it will eut the ille Macarenhas, to 
which the fun will then be perpendicular ; 
at 1 paft IX he will be perpendicular to the 
coaft of Zanguebar, his central ray pafling 
between Monibacca and Pemba ; thence it 
pafles over the kingdoms of Monomugi, 
Macoco, Congo, &c. until he is perpendi­
cular to the city of Loango, upon the 
weftern coaft of Africa, at uh. 10 min. 
the famę morning ; immediately after which, 
his perpendicular rays are abforbed in the 
Ethiopie Ocean, over which he is 3 h. 
22 min. in pafling to Fort St. Lucar, on 
the eaftern coaft of America, at 32 minutes 
paft II in the afternoon $ thence he proceeds

to
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to fend forth his perpendicular rays over the 
heads of the inhabitants of Brazil, acrofs the 
vaft country of the Amazons and Peru, in 
the décliné of our evening, until his arrivai 
over Cape Bianco on the weitem fide of 
South America, a little before he fets to the 
inhabitants of London, which is about 
40 minutes paît V o’clock.

Example II.

282. Every rećtification being obferved 
as in the firit example ; Q. What is the place 
upon which the fun is a corrcfpondent at 
48 minutes paît VI in the evening of the 
i8th of May, the fun’s place being about 
17 deg. 40 min. in Taurus, or nearly ver­
tical to the iyth parallel of north décli­
nation on that day ? Turn the globe from 
weit to eaft, until London has paiTed the' 
itrong brafs meridian, and itop when its 
graduated fide is direćtly over 6 h. 48 
tnin. afternoon, and it will eut the iyth 
parallel of north déclination, the city of 
Acapulco on the weitern coait of Mexico, 
over which the fun will then be vertical.

Example
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Example III.

283. Let the obferver be at Cape Clear 
on the weitern coaft of Ireland, on the 16th 
day of July, at 54 minutes paît VIII in the 
morning.

Quere, The place upon which the fun 
will then be vertical ?

The fun’s place being in the 241h dcgree 
of Cancer, which on the globe falls upon 
the 2ift parallel of north déclination,

Bring Cape Clear to the graduated fide of 
the ftrong brafs meridian, and fet the horary 
index to XII, turn the globe till 8 h. 54 min. 
amongił the morning hours are under the 
horary index, and you will find the gra­
duated fide of the ftrong brafs meridian to 
eut the 2ift parallel of north déclination 
npon Farrat in Nubia, on the weftern coaft 
of the Red Sea.

Example IV.

284. Let the obferver be at Rome on 
the 2oth day of November, at 37 minutes 
paft X in the morning.

Quere, The place upon which the fun 
will be vertical at that time ?

The
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Tlíc fun being about 28I degrces in 
Scorpio, which falls to the fouthward of the 
2oth parallel of fouth déclination,

Bring Rome to the graduated fidc of the 
ftrong brafs meridian, and fet the horary 
index to XII, turn the globe to háve 10 h. 
37 min. under the horary index, and the faid 
graduated fide will then eut, under the 2oth 
parallel of fouth déclination, the city of So- 
fala in the kingdom of Quiteri, to the fouth 
of Monomotapa, 011 the eaftern coalt of 
Africa.

We apprehend thefe four examples are 
fufficient to give the reader a elear idea of 
the folar correfpondents to ail places within 
the torrid zone, and to enablc him to dif- 
cover fome thoufands more.

Although we can hâve but one folar cor- 
rcfpondent at the famé time, yet, as in thç 
firft example, we can trace him through 
lus diurnal parallel for every hour and mi­
nute of the day, and fo alfo upon every day 
in the year.

Nothino- can be eafier or more intelligible . O e
than this method of improving the raind, 
by reprefenting to the eyes the diitance 
from ouf own zénith to that of every fpot

P ' QÍ 
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of land and fea within the tropics ; when 
at every fingle oblervation we háve it alfo 
in our power to note the bearing of each 
of thefe places upun out vifible horizon, 
which may be referrcd to, at all timcs, when 
the fun is not in that parallel.

Let us now change the feene, and pro- 
ceed front the confideration of the fun, to 
that of the fłars ; which will prefent to our 
view a copious field of geographical know­
ledge ; many of thefe. may be feen at one 
and the famę infłant of time, when they are 
in the zénith of fo many different places 
upon the earth, and then immediately 
afterwards remove froin that defignation, 
to give place for a great number of others.

- •» 4 v — - » • ,> a 9 * • *
Of the celeftial corrclpondents.

285. The knowledge of the celefłial cor- 
lefpondents difeovers a new fylłem of altro- 
nomical geography. The perfećł agreement 
between the celelłial and terreftrial fpheres 
conftitutes this fylłem ; which may with very 
Jittl-e trouble be underllood, by making the 
fludy of one a guide tp the knowledge of the 

other j
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other ; the objećt of this correfpondcnce is 
the continuai variation between the parts of 
the celeftial and terreftrial fpheres.

Geography alone bcing eafier than agro­
nomy, has generally a particular place in 
the éducation of young ftudents, who fel- 
dom leave their juvenile ftudies without 
gaining fome idea of the four quarters of the 
vvorld, a flight notion of the íituation of 
places with relpeét to each other, and a 
fketch of the principal empires ; but gsne- 
rally without any application to the ter­
reftrial, and fcarce cver a comparřfon of that 
with the ccleftial globe ; and without fecling 
a lively curiofity to become acquainted with 
thefe neccífary and improving branches' 
of fcience.

To facilitate the ftudy of geography, it 
has always been neceflary to lay inaps and 
çharts before a pupil, which are gsnerally 
feparate- plans of different countries. Eut 
what idea do thefe aftbrd of the vaft extent 
of the earth, of its fphcrical form, or of the 
proportionablc diftances, real bearings, &c. 
of the empires, kingdoms, and ftates on the 
habitable part of our terreftrial globe ?..

P a JIow
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How much more intelligible and juft are 
the proportionale diftances of the fixed 
durs, when compared with the natural dil- 
tances of the lèverai places upon the earth, 
over which they dart their perpendicular 
rays ; thereby conftituting this new fyflem 
of aftronoæical geography, by ocular de- 
monftration ? They are faithful teftimonies 
of the vaft extent of the univerfe, and they 
déclare the diftance, bearing, and iituation 
of ail places upon the earth.

By thclè means, together with the affilt-r 
ance of maps and charts, fuch a copions 
and elear idea of geography will be attained, 
and its natural principles fo firmly eftablilh- 

•ed, as never to be erafed.
The confequences to be drawn from 

thefe principles are cntirely in favour of the 
harmony between the celeftial and terreftrial 
fpheres.

Of the paflage or tran fit of the firft 
point of Aries over the meridian.
28Ó. This point déterminés the apparent 

daily motion of the heavens, and fixes the 
continuai différence in the courfe of the fun 
and fiais.

The
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The knowledge of that particular point 
on the terreftrial equator, vvhere its inter- 
ředion with the celeftial ecliptic happens 
to fall at the time of a vernal equinox, 
points out that place upon the earth to which 
the fun is vertical at that time ; and from 
the knowledge of this we obtain the time of 
its paflage over any meridian upon the globe, 
for every day of the year.

The conformity of the degrees of right 
afcenfion, with thofe of terreftrial longitude, 
happens but upon one moment of the 24 
hours, in a natural day -, when the firft point 
of Aries is on the meridian of London, 
the firft degree of right afcenfion is on this 
meridian alfo ; and the fignal to confirm 
tins is, when a ftar of the fécond magnitude 
marked y near the extremity of the wing 
of Pegafus, is upon the meridian ; at that 
inftant, the equinodial colure will be upon 
the meridian alfo ; for this colure pafi'es 
through the firft point of Ąrięs and that 
ftar.

This is the moment, in which each of 
the 360 degrees of right afcenfion in the ce­
leftial fphcrc, is perpendicular to every hkę 
tjegree of terreftrial longitude ; at which 

P 3 time 
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time there is a perfeft paraHelifm and per- 
pendicular correfpondencc of all thc circles, 
points, and lines, in both fphercs.

To this we hâve pciid a particular regard, 
in the conftrućtion of our new globes, by 
numbcring the degrees on the cquator ot 
the terreftrial globe, with an upper row of 
figures in the famę dircćłion, as thofe of 
right afcenfion are numbered upon the ce- 
leftial globe.

If from that inftant of time, when the 
tiar y of Pegafus is upon the meridian, we 
conçoive the ftars to be immoveable, and 
that we, together with the globe of the 
carth, are turned from wert to eaft upon thc 
équatorial axis, we ihall perçoive our own 
meridian to pafs fucccfiively under every dc- 
gree and ftar on thc celeftial cquator.

287. And that the reader may thoroughly 
underftand what is meant by this uniformity 
in the two fpheres, lot him imagine the 
celeftial globe to be delineated upon glafs, ol­
any  other tranfparent matter, which iliall 
inveft or furround the terreftrial globe, 
but in fuch a manner, that either may 
be turned about upon the poles of the 
World, whilft thc other remains fixed ;

*

and
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and fuppofe the firft point of Aries, on the 
invefting globe, to be placed upon the 
firft point of Aries on the terreftrial globe, 
(which point is in the meridian of London) 
they will then reprefent that fituation of the 
heavens and the earth, we have been juft 
defcribing, on that inftant, when the firft 
point of Aries is upon the meridian ; and 
then every ftar on the celeftial will lie upon 
every particular place of the terreftrial globe, 
to which it is a correfpondent ; each ftar will 
dien have the degree of its right afeenfion 
direćłly upon the correfponding degree of 
terreftrial longitude j their déclination will 
alfo be the famé with the latitude of thofe 
places upon which they lie.

Now if the reader conceives the celeftial 
invefting globe to be fixed, and the ter­
reftrial globe to be gradually turned front 
weil to eaft, he will readily underftand, as 
the meridian of London paffes from one 
degree to another under the invefting fphere, 
that every ftar tliereon becomes a corre­
fpondent to another place upon the eaçth ; 
and fo on, until the earth has completed one 
diurnal révolution, or till all the ftars, by 
their apparent daily motion, ha,ve paffed over

P 4 every 
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evcry meridian of the terreftrial globe. 
Hence arifes an amazing variety in the 
harmony of both fpheres.

If the fun and a ftar pafs the meridian 
on any particular day, the next day the 
flar will précédé the fun about 4 minutes ; 
in two days the accélération of the ftar with 
refpcćżt to the fun will be about 8 minutes, 
in 4 days 16 minutes, in 8 days 32 mi­
nutes, and in fifteen days the apparent 
motion of the ftar will be accelerated one 
hour, whilft the fun, with refpećt to the ftar, 
will feem to be retarded one hour -, in one 
month the ftar will be two hours before the 
fun, in three months fix hours, in fix months 
twelve hours, and in one year twenty-four 
hours.

So that a year after the fun and ftar have 
crofied the meridian together, they will meet 
pgain nearly at the fame time ; but the 
ftar, inftcad of feeming to make 365 révo­
lutions, will have made 366, one more than 
jh® carth to the fun in a year.

The right afeenfjon of tl)e firft point of 
Ąries, is the complément of the fun’s right 
gfcenfion to 360 degrees of the equator, Of 
to the 24 hours of a natural day : this is the 

point
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point, from which the right afcenfion of the 
fun, ftars, and planets is always reckoned.

The reader will pleafe to obferve, that 
in fpring and fummer, the firft degree of 
right afcenfion, which is the firft point of 
Aries, cornes to the meridian with us before 
noon ; there are no ftars then vifiblc in the 
night, ßut thofe which follow the firft point 
of Libra ; that is to fay, thofe ftars which 
háve rnore than 1 80 degrees of right ąfcen- 
fion : in autumn and winter thoiè ftars are 
vifiblc in the night, which follow the firft 
point of Aries, having lefs than 180 degrees 
of right afceniion.

Obferve alfo, that the interval betwecn 
the paflage of the firft point of Aries over 
the meridian of any place, and that of the 
firft point of Libra over the famę meridian, 
is not 12 complète bonis, but only 11 
hours 58 minutes, to which attention muft 
be paid, leaft thefe ttyo minutes íhould bc 
miftaken,

By the pafiage of the ftars over. the 
meridian, we are taught the knowledge of 
thofe degrees of the equator, which are then 
»•ifjng and fetting j for that degree which i§ 
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letting précédés that on the meridian 90 de- 
grees, or fix hours; and 180 degrees or 
twelvc hours that which is rifing j and that 
degree of the equator, which is on the me­
ridian under the elevated pole, is 180 de­
grees diftant from that point of it which k 
pafiing the meridian.

PROBLEM XLVII.

To find the time of the right afcen- 
fion of the firft point of Aries 
upon any meridian.

288. We hâve already fhewn by an eafy 
calculus, how to find the times of equinox 
to any meridian, but we hâve not yet fliewn 
their application to the right afcenfion of the 
firft point of Aries.

The diurnal différence of right afcenfion, 
at the time of a vernal equinox, is 3 min, 
38 fec. which we hâve formed into a table, 
entitled, “ The horary différence in the 
“ motion of the firft point of Aries at the 
“ time of a vernal equinox to which is 
anncxcd, " A table of the différence of the 

“ paffage
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** paflage of the firft point of Aries overthe 
“ meridian for every day in the year.”

The ufe of the tables of right 
afcenfion.

289. Having found the time of any věr­
na! equinox, and transferred it from the 
fixed to your own meridian by the addition 
of your meridian diftance,

Take out of the table of horary diffé­
rences, the motion anfwcring to the hours 
and minutes of the time of the vernal equi­
nox, and their fum will be the time of the 
paífage of the firft point of Aries over that 
meridian ; the day on which, but before, the 
equinoétial interfećłion happens.

N. B. In taking out the numbers from 
this table, rejeét 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 191h, 19 h. 37 min.

min. fec. 
hotirs 19 2 53 
min. 37 o 6

Right afcenfion of V O, up-?
on the equinoétial day J 2 59 noon'

A, D.
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A. D. 1770, the lun will enter Aries March 
go, i h. 26 min.

min. fec. 
hours 109 
min. 26 o 4

■Right afcenfion of V Q on? Æ 
the cquinočtial day, at Pa noon.

A. D. 1771, the vernal equinox falls on 
March 20, 7 h. 15 min.

min. fec. 
hours 714 
min. 15 02

Right afcenfion of T O on the? r ,, equinoítial daj, at j1 6 "°0"-

A, D. 1772, the fun will enter Aries, March 
.19, 13 h. 4 min.

min. fec. 
hours 13 i 58 
min. 40 1

i 59

The right afcenfion of tbe firfl point of 
Aries, thus found for the day on which the 
equinox happens, holds good for the wholc 
year, and is to be added to the différence 
of the paflage of the firft point of Aries 
oycr thę rnęridiąji found againft the day of 

the



Ccleßiäl and Terreßrial Qßbes. 221 

the month ; and their fum will be the time 
of day when the firft point of Aries will 
pafs the meridian.

Obferve when the cquinox falls on the 
rçth day of March in a year which is not 
biffextile, to feek the day of the month in 
the right hand column of the table; and 
when it falls upon the 2oth day of March, 
feek the day of the month in the left hand 
column, over which in either cafe, and under 
the name of the month, you have the proper 
différence of right afcenfion to be added to that 
found above for the day of the cquinox.

In biffextile years, feek the day of the 
month in the left hand column, to the end 
of February, and for the intcrcalary day, or 
2çth of February, take out the différence 
of right afcenfion anfwering to the firft of 
March, after which to the year’s end feek 
the day of the month in the right hand 
column.

Having thus found the right afcenfion of 
the firft point of Aries for any day in the 
year, add thereto 11 h. 58 min. and you 
obtain the time of the right afcenfion of the 
firft point of Libra.

Example
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Example I.

A. D. 1769, equinox March ig.

,ł

// V Jï

• •» *•  • _ -, i .k 1 r1 ' - * M J h. min,. fec.
Jan. 25,

J*T*  • - ' * ‘ '
3 23
H- 2

24
59

Right afcenfion TO, 3 26 23
Nov. 14,

TOGlZKl XuWhdüO/ ř01flíVO suíj
8 36
4- 2

31
59

Right afcenfion TG, 8 39 30

ExampLe II.
*— ’• r i i ,( *'  »ú * / ■ *'

A. D. 1770, equinox March 20. í*~^ř  ■
Zři• V ’ • U ’ h. min. fec.

Feb. 25, i 24
H- 0

52
’3

Right afcenfion TO, i 25 5

oa. i«, 10 26 6
4- 0 J3

Right afcenfion, T G, 10 26 J9

Exampls
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Example III.
A. D. 1771, equinox March 20.

Jan. 12,

i S J*  r*

h. min. fec.
4
4-

22
i

46
6

Right afcenfion V G, 4 23

Decem. i6'> 6 22 5S
— 1 i 6

Right afcenfion V Q, 6 24 4

Example IV.

A. D. 1772, equinox March 19.
Biflèxtile year. h. min. fec.

Feb. 28, i 13 35
4- 1 59

Right afcenfion V 0, i I5

The intercalary day, Feb. 29. i 9
—

50
-4— i 52

Right afcenfion V O, 1 11 49
March 1, I 6 7

4- i 59

Right afcenfion T 0, i 8 6

Auguft 28, *3 28 J7
4- i 59

R’ght afcenfion T 0, 13 3° 16
Thefe
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Thcfc four examples are quite fufficient, 
if the reader compares theńi with the tables 
and prccepts.

In the 42d and 4ßd problem, art. 260, 
261. we hâve ihewn how to find the hour 
that any known ftar cornes to the meridian ; 
and allo to find the time of the year any ftar 
pâfies the meridian at any hour propofed, 
but in that place we were not préparée! 
to apply the right afeenfion of the firft point 
of Aries, fo properly for an obfervation of 
the ftars, as by the following

' . } r ( ’ À

PROBLEM XLVIII.

To find the time of the right afeen­
fion of any ftar, npon any par- 
ticular meridian, on any day irt 
the year.

I ;• *.

290. Firft find the time of the right af- 
cenfion of the firft point of Aries, art. 288. 
by problem 47, agreeable to your own 
meridian.

Then apply to the celeftial globe, and 
bring the given ftar under the graduated 
fide of the ftrong brafs meridian, which will

eutI
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tut its right afeenfion, or rather its diftance 
in time or degreeS, upon the equinoitial ; 
add this quantity exprefi’ed in time to the 
right afeenfion of the firft point of Aries, 
and you will obtairi the time of the paflage 
of that ftar over the meridian very near the 
triith: Thus,

The fiat marked y in the head of Draco, 
will hâve 268 degrees, or 17 h. 52 min. 
of right afeenfion or diftance from the firft 
point of Aries» art. 276 j which added to the 
right afeenfion of that point for the ijth 
day of July, A. Ď. 1772, gives the true time 
of its right afeenfion that evening : at 10 h. 
12 min. this ftar will be over the heads of 
the irihabitants of London at that time, its 
déclination being 51 deg. 32 min. equal to 
the latitude of this capital city.

Note, In this method of working, when 
the hours exceed 24, déduit 24 hours 
therefrom, and you obtain the true time 
fought.

PROBLEM
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PROBLEM XLIX.
t « • *>  *•  | i ' P( » », • "jC, 4

To rećłify thc celeftial globe for any 
time in the evening of any day 
in the year, by the knowledge 
of the time when the firft point 
of Aries Lhali pafs the meridian 
that day.

291. As the degrees and hours upon the 
equinoétial line on our new globes, are 
numbered from the firft point of Aries,

Firft find the right afcenfion of that point 
by problem 47, art. 288. for the given day, 
and rećtify the globe to your latitude, art. 189. 
then bring the firft point of Aries upon the 
globe, under the graduated fide of the ftrong 
brafs meridian, and fet the horary index to 
the hour and minute of the paflage of Arięs 
o, firft found : turn the globe until the given 
hour is under the horary index, and place it 
due north and fouth by the mariners com- 
pafs, attending to the variation of the needle, 
and you will hâve a perfećt reprefentation 
of the ftarry firmament, not only for that 
inftant, but as long as you pleafe to apply 

yourfelf
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yourfclf to the knowledge of the ftars that 
evening, by only moving the globe to any 
other minute under the horary index as the 
time advances.

Thus on the 251h of February, A. D. 
1770, about 46 minutes after V. in the 
evening, ťhe ftar called Al-debaran, ortbe 
Bull’s-eye, will be upon the meridian of 
London, or places adjacent; about VI o’clock 
that evening, Orion will begin to pafs the 
meridian, and prefent a glorious view to the 
eyes of the obferver, there being fo many 
eminent ftars in that conftellation, then fuc- 
cefiively pafling over the meridian until 
paft VII; all the ftars in Auriga, or the 
Chariotcer, will be paffing the meridian at 
the famé time ; after which Canis Major will 
fucceed with Syrius, the Dog-ftar, at the üde 
of his jaw ; then Canis Minor and Gemini 
or the Twins will follow, and fo on for the 
remainder of the night. This appearance 
may be obferved feveral months, but at dif­
ferent hours in the night, which may be 
found by this problem.

Alfo on the 8th of May in the famé year, 
the firft point of Aries will pafs our meridian 
at 20 h. 58 min. îçfec. but if we reckon

Qji the 
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the hours from midnight, at 58 minutes 
paft VIII in the morning, at which time no 
ftars can be feen ; therefore we muft hâve 
recourfe to the right afcenfion of the firft 
point of Libra, which is thus obtained,

h. min. fcc. 
To the right afcenfion of the firft 7  . '

point of Aries J 20 5 25
add u 58 o

32 56 29
When the hours erceed 24, fub- 7

traft therefrom J2 4 0 0

The right afcenfion of the firft j
point of Libra, A. D. 1770,> g 56 29 in the 
May 8th, at J cvening.

Now in the precept to this problem, read 
Libra inftead of the word Aries, and the 
rule will hold good in this as well as in the 
firft cafe. Therefore,

Bring the firft point of Libra to the gra- 
duated fide of the ftrong brafs meridian, and 
fet the horary index to 56 minutes paft VIII 
in the evening, turn the globe until the ho­
rary index points to 10 minutes paft X 
oclock, and you will find the ftar called 
Spica Virginis, being that in the car of corn 
fhe holds in her hand, a ftar of the firft 
magnitude marked «, upon the meridian at 

that
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that time. If you then look at the firma­
ment, you will fee the conftellations Cancer, 
Leo minor, Leo major, the great Bear, with 
the head and wings of Virgo, on the weitem 
fide of the meridian ; and on the eaftern fide 
thereof, the Ballance, Scorpio, Bootes, Her­
cules, &c. fucceflively following the firft 
point of Libra in their paffage over the 
meridian.

The correïpondence of the fixed 
ftars.

292. Before we attempt an obièrvation of 
this kind, a fignal or warning ftar muft be 
firft obtained ; that is, fuch a ftar is to be 
fought, as íhall hâve the famę pr hearly the 
famę quantity, either in dęgrees or time of 
right afcenfion, reckoned from the firft point 
of Ąries, as the place, over whięh any other 
ftar íhall then happen to be a correfppndent, 
íhall hâve of longitude, reckoned ęaftward 
of London.

It has been fhewn, that déclination in the 
celeftial, and latitude on the terreftrial, globe, 
mean one and th,e famę thing, both bei.ng 
meafured by their diftance from the equator ; 

1 Q 7 eonie- 
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confequently, if the déclination of any ftar 
is equal to the latitude of any place, that 
flar, by a line conceived to be drawn from 
it to the center of the earth, will defcribe the 
parallel of that place ; whence it becomes 
a correfpondent, not only to that particular 
place, but alfo to ail thofe places which lic 
in the famę parallel of latitude, by p affin g 
perpendicularly over them ail once cvery 24. 
hours. But as a préparation, we muft firft 
ihew, by the following problems, how to 
find thofe places to which any ftar is a cor­
refpondent, and thofe ftars which are cor- 
refpondents to any place. -

PROBLEM L.

To find all thofe places to which any 
ftar is a correfpondent.

293, Firft find the déclination of the ftar 
on the celeftial globe by problem V. art. 55. 
and remember whether it be north or fouth ; 
count the famé number of degrees upon the 
ftrong brafs meridian of the terreftrial globe 
the famé way from the equator, and note 
the place by holding the edge of a card 
thereto; turn the globe from eaft to wert,

and
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and all thofe places which pafs under that 
point, will be correfpondents to that ftar, 
becaufe they will be in the line paflîng frpm 
the center of the earth through the very 
place upon its furface, to which the ftar is 
at that time vertical. Thus,

The déclination of the ftar inarked in 
the headof Draco, is 51 deg. 32 min. equal 
to the latitude of London ; therefore this 
brilliant ftar of the fécond magnitude may 
be called the ftar of this metropolis, without 
being deprived of its own name ; it may 
likewife take the name of any othcr place 
in the parallel of London.

The reverfe of this problem being to 
find all the ftars which are correfpondents to 
any place, is fo eafy as to require no far- 
ther explication, than that of applying firft 
to the terreftrial globe.

The apparent diurnal motion of one ftar 
only, will fucceflively fliew its perpendicu- 
larity to varions countries, as will appear by

A general
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A general deièription of the paflâge 
of the ftar marked y in the head 
of the conftellation Draco, over 
the parallel of London.

294. This eminent ftar traces the parallel 
of London, and is a ftar of perpétuai appa­
rition to the inhabitants of the Britannic 
Ifles ; it cornes upon the meridian of London 
with the z68th degree of right afcenfion, 
and is at that time direćłly perpendicular to, 
or over the heads of, the people in this city, 
two minutes of an hour after its warning 
ftar marked k in the milky way, has pafled 
the meridian.

Note, This ftar marked k is the fouther- 
moft of a group of five ftars, fituated be- 
tween the ihoulder of Serpentarius and So- 
bieiki’s fhield, which in the firmament ap- 
pear in the form of a Roman V, as may be 
feen upon the globe.

The déclination of our correfpondent ftar 
y in the head of Draco, is 51 dcg. 32 min. 
pqual to the latitude of London ; with which 
apply to the terreftrial globe, and bring 
London to the graduatcd fide of the ftrong 

brafs
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brafs meridian, and fet the edge of a card 
thereto, holding it to the brafs meridian 
with your right hand, while you gradually 
turn the globe frcm weil to eait with the 
other hand, and that point of the card which 
is upon the globe will then reprefent the 
interfećiion of that line upon the furface of 
the earth, which we hâve fuppofed to pafs 
from the center of the earth to the ilar ; 
and as this point, though at reft, pafles over 
the parallel of London upon the globe, ío 
does the central ray, proceeding from the 
ftar, really pafs over every point of land, and 
fea, upon that part of the earth which is 
circumfcribed by the parallel of London.

Thus you will fee the flar marked y, in 
the head of Draco, pafs from London over 
the road to Briftol, and dart its perpendi- 
cular rays upon that city -, then crofling the 
iea, it reaches Ireland between Kinfale and 
Cork, and leaving that kingdom, will Paine 
over the Atlantic Ocean, until it is perpen- 
dicular to the north cape of Newfoundland j 
whence it will be vertical to Eikimos, and 
pafs between lake Achona and the northern 
coail of the gulph of St. Lawrence, then 
it will croîs St. James’s Bay, Kriflino, &c.

and
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and pafs weftward over a vart: fpace of land 
but little known to the Europeans ; thcnce it 
will leave the wertem coaft of North Ame­
rica, to fhine upon the northern part of the 
Pacific Ocean, until it is perpendicular to 
feveral iílands, one of which is called St. 
Abraham; it crofies the fouthern land of 
Kamkatfka, and the iüand Sangalien ; 
thence it becomes perpendicular to the con­
tinent near Telmen on the eaft fide of 
Mongales in Chinefe Tartary, and fo pro- 
cecds to caft its perpendicular rays over a 
vaft country in Afia, being fometimes a 
zénith point to the Chinefe, at other times 
to the Ruflian Tartars, and paffing over 
Bielgorod, becomes vertical to Mufcovy, Po- 
land, Germany, and Zéland, and fo crofies 
the fea again to return to its perpendicu- 
larity over the city of London : all which is 
performed by the carth’s diurnal motion in 
Ib (hort a time as twenty-three hours and 
fifty-fix minutes.

When a beginnet has been thus exercifed 
with the general partage of two or three 
principal rtars over their correfpondent pa- 
rallels on different parts of the earth, his 
ideas will be fo greatly improvcd, that maps 

and
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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 parallels, of which he has already at- 
tained a general idea upon the globe.
***** "'O üLi * 1 *** Ify* -)'***  » • *

PROBLEM LI.
1'1 ft A £ ■ _ * f ’ f ’ *

To find a fignal, or warning flar, 
that ihall be upon or near the 
meridian of an obièrver, at the 
time any known ftar is perpen- 
dicular to any place on its cor- 
refponding parallel. »

. 295. Bring the given place to the gra- 
duated fide of the ftrong brais meridian on 
the terreftrial globe, and it will eut the de- 
grees of its longitude, reckoned eaftward 
from London, upon the upper row of figures 
over the equator ; then

Apply to the celeftial globe, and fet the 
given ftar under tire graduated fide of the 
ftrong brafs meridian, which will eut the 
degree of its right afeenfion on the equi- 
noäial.
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If the fituation of the obfervcr is wert 
of the given place, fubtraćt the terreftrial 
longitude from the right afcenfion of the 
flar ; if eaft, add the longitude, and move 
the celeftial globe, till the fum or refidue 
thereof is under the graduated fide of the 
ftrong brafs meridian, and then that fide 
will be direćłly over thofe ftars which 
are upon, or háve 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 correćt- 
ly anfwer the prefent purpofe, and become 
the fignal or warning flar ; that upon its ar­
rivai on the meridian, will déclaré the given 
flar to be vertical to the place afligned.

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

The loqgjtude of this cape from London 
is 9 degrees, and the right afcenfion of the 
ftar Vega is 277 degrees, as London is 
weft of Sardinia ; 9 degrees fubtraćłed from 
277 degrees, leaves 268 degrees of right 

afcenfion,
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afcenfion, to which the celeftial globe being 
fet, the graduated fide of the ftrong brafs 
meridian will be found direćtly over the flar 
y in Draco, and alfo over a ftar of the fourth 
magnitude in one of the heads of Cerberus. 
Thefe are eminent lignais, and both upon the 
meridian, when at the famę time the ftar 
marked 9, in the knee of Hercules, will hâve 
palfed the meridian about two minutes of an 
hour, ând 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 y, 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 iiland of Sardinia. At which 
time an obferver at London will be fenfible 
of the diftance between the zeqith 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 famę with refpećt to the diftance and 
bearing of London from him.

To excite ftudents who hâve an afpiring 
émulation to improve themfelves in tins ex- 

tenfive 
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tenfive fcience of geography and aftronomy, 
the principal requi fites whereby they may 
acquire univerfal knowledge, we (hall pro*  
ceed to illuftrate this fyftem of the natura) 
Agreement between the celeftial and ter*  
reftrial fpheres, by a few interefting ex­
amples.

Example I.

When the ftar marked ? in the 
head of Draco is perpendicular 
to the city of London, the tvvelve 
following ftars may be feen from 
thence at the famę time, when 
they will alfo be perpendicular to 
as many places upon the earth.

296. The fignal or warning ftar is y in 
the head of Draco, which comes upon the 
meridian with the 2Ó8th dfegree 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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Weit of London.

Lon,Afc.

Knee of Hercules a °£
Wrift of Hercules267’ 3°i

o*

261

'9'

and 
Lat.
37

198
175

Carthagena, Old )
Spain J

Frontiers of Mo-} 
rocco and Tar- L
gua J

Kingdom Kom- 7 
bergrada, Africa J

PenijSouth-America

Chapa in Mexico
Ifle Belchier.HuJ- 7 

fons Bay J

7
70
93

12*
10
16

Rasalhagus.Ser- 
pentarius

Spica Virginis 
Deneb Alafad,

Lyons tail 
Alioth, 1 ft in tail

Great Bear

Eaft of London.

Big'. 
Ale.

277 Vega, in Lyra

Deel, 
and 
Lat.

a 381 S. W. Cape, Ifle 7 
of Sardinia J

W 
Lon.

9
29S

290

Atair, Eagle’s neck

Swan'sbeak, Al- 7
bireo $ ß

8 Frontiers of Be--} 
nin andNigritia, i 
Africa J

Mid. Levata in / 
Tagua, Africa $

17

22

308 Deneb, Swan’s 1
rump J

Sheat, in Pegafus
A 44i Palmyra 40

343 ê 27 Middleof Mogul’s 7
Empire j 7S

p°9 Swan's So. Wing i 33* Fronticrs of Tur-} 
key in Afia, and > 
Defert Arabia j

41

The



240 Defcription and Ujê of the

The ufe of a warning ftar is to point 
out the true time of the phœnomenon, which 
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 madę.

This table of correipondents was formed 
as follows :

The right afcenfion and déclination 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 blank 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 fphere 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 fubtraćłed from the right afc 
cenfion of the given ftar.

But
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But the weft longitude was obtained by 
fubtrading the right afcenfîon 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 afiîgned, 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 ail 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 >•, in the 
head of Draco, the moment it is in the zé­
nith of London, they will fee its corre- 
fpondence to that metropolis at one and the 
famé inftant of time ; their hour only will 
be different according to the différence of the 
meridians, as thofe places are fituated eithec- 
eaft or weft from London.

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

From the oblervation under either of thefe 
ftars in the catalogue, may be feen the other 
twelve ftars, when they are íhining 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 afliftance from the heavens, where- 
by we not only fee the marvellous diftances 
of a multitude of celeftial bodies, compo- 
ling that part of the univerfe, which we are 
permitted to behold ; but it alfo enables us 
to comprehend the diftances and bcarings of 
the moft remote countries from that point 
of the earth upon which we ftand.

Example II.

297. When the bright ftar marked (3, in 
the head of Caftor, is upon the meridian of 
London with the 11 oth degree of right af- 
cenfion, the twelve following correfpondents 
will be vertical to the places annexed.

Weftward.
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Weit ward.

96
18

92

83
42

68

Algenib,Perfeus'sfide 4947 63
Rigel, Orion’s foot76 ß 9 34

Eaitward.

2Z
>39

‘43 25 33
149 ‘3a. 39
176 53V
192 N.Wing of Virgo, )

Vindematrix $ 12

47
8

ß

E. 
Lon.

7
7

Lon. 
W.

Rig'.
Ale.

4‘

52

Middle of Hqngary
Kingdom Maflèy, 1

Africa 5
Nahaffa, in Egypt

Abyffinia, Africa
Oftiakis.S. W. part 7

of Siberia \
Sea 2° E. of Pon- / !

dichérry j °2

Girdlc of Andro- 7
meda, Mizar j

Caffiopea’s thigh 
jvhv;: ’.u’.v.’i

Almaak, foot of )
Artdrömcda j

Shoulder of Perfeus

i 32 Great Bear’s foot 
Hydra’s heart

Dec. 
and 
Lat.

Dec. 
and 

Lat.

34
59

. Kichuans, Louifiana
1 P.\Valesfort,Hud- Î 

fons Bay J
Twightees, S. of Í 

Lake Michigan \
Efldmos beftvten 1

L. Otter and L.Ç 
Pitetibi, North Ç 
America j

Cape Riíher, G. ) 
St. Lawrence J

Sea and Coaft of / 
Olinda V

Corner of the }
Lyon’s mouth 5

Regulus, Lyon’s )
heart )

Third in the Sq. Í
Great Bear J

14

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

R 2 Example
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Example 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 
ineridian of London with 198 degrees of 
right afcenfion, the following twelve ftars 
will bc vertical to the feveral places in the 
following table.

Weftward.

Rig'
Aie.

9°

113

'39

149

'75

'9'

E

Firft ftarinthefoot ) 
of Caftor ý *

Head of Pollux ß

Hydra’s heart a

Regulus, Lyon’s 1 
heart f ,tt

Lyon’s tail, Alafad ß

Firft in tail Great > '
Bear, Alioth J t*

3ecl. 
and

W.
Lon.

Lat.

22 Ś
Ilies of Très Ma- ) 

rias, New Spain J io3
29 SeanearC. Efcon- ?

7í-
did, Florida j 

Yamari, a Branch )
ö5

of the Amazo- r 61

■3

rian River J
Sea 12° E. of the 1

Antilles J 49
16 Near Bonavifta,C. )

Verd Hles J 23

57
Wellern Ilies of /

Scotland ) 7

Eaftward.
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Eaftward.

Reg'. 
Afc.

212

243

249

277 
290

29-l

N. Hand of Bootes

Scorpion’s heart

In the Back of ]
Hercules J

Vega, in Lyra
Albiero.theSwan’s )

beak J
Atair, in the Eagle

Dl 
a

L 
1

&

H 
ct 

ß 
d

cl. 
nd 
it.
J*

25

39
39 
28

8

S. of Berlin, in?
Pruflîa Ç

S. CoaftofMada- Í 
gafcar Ç

S. Eaftof the Caf- Í 
pian Sea \

Coten, in Tartary 
Toudfang. inThi- ) 

bet Major Ç
Eallern Sea, or ?

E. 
Lon,

’4

45

5'
79
92

Coaft of Ma- Z 
lacca J

96

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

Example IV.

299. When the 289dl degree of right 
afcenfion is upon the ineridian of London, 
fignified by one minute of an hour after the 
ftar marked J in the fouthern wing of the 
Eagle has paffed the meridian, then the 
twelve following places will have the annex- 
ed ftars in their zénith.

R 3 Weil ward.
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Weftward.

Rigt.
Afc.

206

219

226

236
24.0
267

The ftar in the leg ) 
of Bootes J

Southern Scale of )
Libra 5

Northern Scale of )
Libra J

A ftar in Scorpio 
Handof Serpentarius 
Knee of Hercules

Dc
an
I.a

w

a

ß

1

b

c. 
d 
t.
20

*5

8

25
3 

37

Sea 20 S. Cape 7 
Corrente, Cuba J 
Collao, in Peru

Amazonia, America

Paraguay, America
N. W, part ofBrazil
N. ofSt. Michael, 7 

in the Azores J

w.- 
Lon.

83
70

63

53
49
22

Eaftward.

Rig‘.
Afc.

321

328

33>

343

359
360

Side of Cepheus

Shoulder of Aquarius

Firit in the head 7
of Cepheus Ç 

Markab in Pegafus

Andromeda’s head 
A ftar in Pegafus

D
ai

Ls
ß

a.

e
a.

i
7

ÎC. 
id 
it.
70

i

56

27

27 
>4

Fro. Sea near Ifle 7
Wardus, Laponia 5

Between Sio and 7
Ampaia, Zan- ? 
guebar j

Rufîia, 40 E. of ( 
Mofcow \

Sea Coaft, in Per- i 
fian Gulph \

Tala,Mogul’sEmpire 
Sea near Ifle Lak- ?

dînas (

E. 
Lon.

32

39

42

54
70

71

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

Example
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Example V.

300. When the flar marked 0 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 
zénith of the annexed places.

Weftward,

Rigt.
Afc.

290

294

308

324

331

34'

The Swan’s beak

Firft in the Swan’s ?
wing )

Deneb, in the (
Swan’s rurnp Ç

Side of Cepheus

Head of Cepheus

Fomahaut, mouth )
of Pilces Notius J

D 
a 
L. 
ß

a

ß 

e

A

ec
id
it
28

44

4-1
70

5°

30

Gulph Mexico, 30 ?
S. Mififtppi \

Lake Michigan, Î
Canada

New England

Cumberland near 1
Baffin’s Bay )

N. Sea, E. of La- \
brador j

Middle of the At- / 
ląntic Ocean Ç

W.
Lon

88

84
70

57

47

37 ‘

R 4 Eaflward.
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Eaftward.

kig'.
Afc.

27

4»
43

53

96
112

f

Almaak, foot of 7
Andromeda \ 

Shoulder of Perfeus 
Menkar, Whale’s ;

mouth J
The Flciades

North foot of Pollux 
Procyon, little Dog

De
an
L:
7

7

a

7

A

c. 
d
t.

4‘
52

3
23

16
6

Sea coad of Sardinia

Brifac Luthania
Bake Bake, Africa
Frontiers of Egypt 7 

and Nubia Ç
Golconda, Afia

Seai’N.W.Achem )
Summatra 5

E. 
Lon.

9

24
25
35
7«

94

LII.

the harveft

The ftars in this example may be feen in 
the months of OĆtober, November, and 
December.

PROBLEM

The phœnomena of 
moon.

301. Whcn the moon is at or near the 
fuli, about the timeof an autumnal equinox, 
iłie rifcs nearly at the famé hour for feveral 
nights together : this phcenomenon is call- 
ed the harvcfl: moon.

To account for this upon tha celeftial 
globe, fet tbe artificial lun 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 ihe muft be, if a fuli moon 
ihould happen at that time.

Rećtify the globe to the pofition of a right 
fphere, art. 214. whichanfwers 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 
ftrong brafs meridian, will eut the time of 
the iùn’s fetting, and the moons rifing; 
hence it is obvious the moon will rife when 
the fun fets, which will be at VI o’clock, be- 
caufe they are both fuppofed to be in the 
celeftial equator, but in oppofite ligns. 
Therefore on that day the famę phcenome- 
non will happen in all latitudes between 
the equator and either pole.

But as the moon’s motion in her orbit, 
which we ihall at prefent confider as coin­
cident with the ecliptic, is about 13 deg. 
10 min. every day, which retards herdiur- 
nal motion about 51 min. 56 fec. of time 
with refpeét to the firft point of Aries, this 
daily différence as it relates to the fun is 

general ly 
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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 
fun will hâve advanced one degree in Li­
bra, and the moon 13 deg. 10 min. in Aries, 
which is J 2 degrees more than the fun has 
donc in the famę time : therefore place the 
center of the artificial fun upon the firft de­
gree of Libra, and the artificial moon on 
13 deg. 10 min. of Aries, the globe being 
rećiified as before tb the pofition of a right 
fphere, bring the artificial fun under the 
graduated fide of the ftrong brafs meridian, 
and fet the horary index to XII, turn the 
globe until the artificial fun coiricides with 
the wertem fide of the broad paper circle, 
the horary index will ihew 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 ihew the moon’s rifing 
that evening to be about 48 minutes paît 
VI o’clock, with 5 degrees of amplitude 
northerly, as (lie is now entered into the 
northern half of the ecliptic.

Now
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Now elevate the north pole of the globe 
to the latitude of London, every other rec­
tification remaining the famę, and bring the 
artificial moon to the eaft fide of the ho­
rizon, and the horary index will point to 
20 minutes paft VI, her time of rifing ; and 
ber amplitude at that time will be about 8 
degrees, three degrees more than at the cqua- 
tor the famé evening.

If we thus inveftigate the time of the 
moon’s rifing for two or three nights to- 
gether before and after the autumnal fuli 
moon, it will be found ncarly the famę.

The reafon is, that the fuli 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- 
feribes a parallel to the equator every night 
more northerly, which increafes her rifing 
amplitudes confiderably, and more fo as the 
latitude is greater, as in the prêtent ex­
ample ; hence it is plain, that the nearer any 
celelłial objećt is to either pole, the fooner it 
afeends the horizon.

Every thing remaining as before, if we 
elevate the north pole of the globe to 66 i 
degrees, which is the latitude of the 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 fanie time that the 
fun fets the evening after the autumnal fuli 
moon, which is about VI o’ciock, at which 
time and place her amplitude will be about 
13 degrecs.

In this pofition of the globe, if the artifi­
cial moon be removed 13 deg. 1 o min. upon 
the ecliptic, which is her mean motion 
therein for one day, and fo on for fourteen 
nights together, fhe will be leen to rife 
within the fpace of one hour during that 
time, which will be elear 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 différences are greateft at the times of 
her fetting.

What has been faid with refpećt to north 
latitudes is cqually applicable to iouth lati­
tudes.

In like männer the new moons in fpring 
rife nearly at the famé hour for lèverai 
nights fucceffively, while the füll moons 
rife later by a greater différence than at any 
other time of the year, becaufe at this timç 

of
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of the year the ne w moons are in the af- 
cending, and the fuli moons in the defcend- 
ing figns.

This phœnomenon 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 equator will 
be greater foinetimes than at others, which 
prevents her haftening to the northward or 
deicending fouthward in each révolution 
with equal pace.

PROBLEM LIII.

To find the time of the year in 
which a ftar rifes or fets coimi- 
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 nies' 
with it, whieh feek in the kalendar on the 
broad paper circle, againft which is the day of 
the month whereon that ftar rifes cofmically.'

Turn the globe till the flar coincides with 
the weftern edge of the horizon, and that 
degree of the ecliptie which is eut by the 
eaftern lide, gives the day of the month 
when the ftar fets cofmically; fo likewife 
againft the degree which fets with the ftar 
you hâve the day of the month ofits achro- 
fiical fetting, and if you bring it to the 
eaftern lide of the horizon, that degree of 
the ecliptic then eut by the weftern fide of 
the broad paper circle fought in the ka­
lendar, will ihew the day of the month 
when the ftar rifes achronically.

PROBLEM LIV.

To find the time’ of the heliaeaî 
rifing and fetting of a ftar.

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

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.

Ęlevate 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 zénith> 
and apply its graduated edge to the weftern 
fide in fuch a manner that its i2th degree 
above the horizpn may eut the eeliptie, the 
point oppofite to this will be 12 degre.es 
below the broad paper circle on the eaftern 
fide, and is the fun’s place in the eeliptie 
at the time a ftar of the firft magnitude 
rifes heliacally ; feek this point in the ka­
lendář, or upon the eeliptie line on the 
globe, againft which you will find the day 
of the year when that ftar rifes heliacally.

To find thehcliacal ietting, bring the ftar 
to the weftern fide of the horizon, and turń 
the quadrant of altitude on the ěáftcrn fide, 
till the ï 2th degree cuts the eeliptie ; its op­
pofite point is the fun’s place, which fought 
either upón the kalendar or eeliptie line, 
gives the day of the year whęn the ftar fets 
heliacally.

. . * Stars

degre.es
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Stars of the firft magnitude, according to 
Ptolemy, rife or fet heliacally, when they 
are 12 degrees diftant from the fun : that is, 
when the ftar is rifing, the fun muft be de- 
prefled in the perpendicular below the hori­
zon 12 degrees, that the ftar may be far 
enough from the funs rays to be feen be- 
fore he rifes.
A Stars of the fécond magnitude require 
the fun’s depreffion thirteen degrees, and 
thofe of the third magnitude fourteen de­
grees, &c.

The manazil al kamer of the Ara- 
bian aftronomers, * from Ulugh 
Beigh, publiíhed at Oxford 1665.

304. The manazil al kamer of the Ara- 
bian aftronomers, are XXVIII, they are fo 
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 charaćlers are affixed, but omit- 
ted here for the want of an Arabian type.

I. Al
• Sec the Rev. Mr. Coflard’s Hiflory of Aftronomy, p. 19.
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I. Al Sberatân, thefe are the firft and fé­
cond ftars of Aries, or the ftars in the 
Rams horns, marked ß and y, with I, ff » 
fignifying the firft manfion of the moon, 
which the reader will pleafe to remember 
once for all.

II. Botein, the ftars in the Ram‘s belly ac- 
cording to Ulugh Beigh, by Bayer and on 
our globe e and p.

III. Al Tburaiga, the Pleiadas. ,
' ' ■ * c* ~ • • v

IV. Al Debaran, the Bulls eye.

V. Al Heb’a, the thřee ftařs in the head of 
Orion.

VI. Al Heńab, the ftar marked £ in the left 
foot of Pollux.

VII. Al Dira, the two bright ftars, orte in 
the head of Caftor, the other in Pollux» 
marked « and ß.

VIII. Al Netbrab, the nebulæ, or groüp of 
ftars in Cancer, marked e called by the 
Greeks <pdlwi, i. e. Præfepe.

IX. Al Terphäh, the Lyon's eye marked p.

S X. Al
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X. Al Geb'ha, the ftar in the Lyons mane 
marked £.

XL Al Zub'rah, the ftars in the Lyon’s rump 
marked J and 9.

XII. Al Serphah, the Lyon’s taił marked ß, 
called Deneb al afad.

XIII. Al Awwa, they are four ftars in Virgo 
marked n 3 9 y.

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

XV. Al Gaphr, three ftars in the ikirt of 
the robe of Virgo marked « x.

XVI. Al Zubana, that is Libra, the northern 
fcale is called Zubanah Al Shemali, and 
is the ftar marked ß, the fouthern fcale 
marked «, is called Zubanah al Genubi, 
Shemali lignifies northern, and Genubi 
fouthern, they are exaétly mifcalled on 
the common globes of modern conftruc- 
tion.-

XVII. Al-Iclil, thefe are the four ftars in 
Scorpio marked v ß 3 ir.

XVIII. Al
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XVlII. Al Kalb, the fcorpioh’s heart marked 
a more fully. Kalb Al Akrab, the word 
Antares, if it is not a corruption, has no 
lignification, and is therèfore omitted.

XIX. Al Shaulab, the Scorpion’s tail, or thé 
flar marked À. The word Lefath we hâve 
omitted, being another pronunciation of 
Llîjab, the true name is Shaulab.

XX. Al Nâaim, thefe are eight ftars in Sa- 
gittarÿ, marked y s '  z  <r <P 4 > 
Ulugh Beigh makes them only three, 
i. e. y <r 4.

* *

*

XXI. Al Bcldab, 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 t'elefcopic ftars.

XXII. Sad Al Ddbib, three ftars in Capri- 
corn, marked « ß ».

XXIII. Sad Al Bula, the flar marked » in 
the hand of Aquarius.

XXIV. Sad Al Suûd, the ftars marked p 
and £ in Aquarius.

S 2 XXV. Sad
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XXV. Sad Al Achbigah, three ftars in A- 
quarius marked y \ 6.

XXVI. Al Pherg al Mukaddern, the ftars 
marked a and ß in Pegafus.

XXVII. Al Pherg al Muaechir, theíe are 
two ftars, one in the head of Andromeda, 
marked <t, the other in the wing of Pe­
gafus, marked y.

XXVIII. Al Rijhd, the ftar marked ß 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 £nd a meridian line.

305. Bring the fun’s place in the ecliptic 
on the celeftial globe, to the graduated iide 
of the ftrong brafs meridian, and fet the 
horary index to that XII, which is moft 
elevated j tum the globe, till the ftar mark­
ed y in Cafliopea’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 taił 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 rećtified to the 
latitude of your fituation, turn the globe 
again, till the ftar marked «, called Alioth, 
being the firft in the taił 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 
phœnomenon is to happen, before which 
you are to hâve the following apparatus 
properly prepared, that you may be ready 
to attend the obfervation, that is, to find 
your meridian line.

Sufpend two plumb lineš, and let their 
weights be immerfed in water, to prevent 
their vibrating, but in fuch a männer that 
the ftring of one of them may be direćłly 
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 ineridian line may be 
obtained at any window in the houfe which 
has a fouthern afpećl, by fufpending lines 
as above from the ceiling ; that next the 
window may bę fixed, but the other ihould 
be moveable in a direćtion nearly eaft and 
weft, the wcights 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 íheet of white paper in 
their hands, to receive the ihadow of the 
two ftrings caft thereon by the fun ; the 
firft obferver is to give a fignal to the fécond 
of the inftant the two ihadows on his paper 
are united in one and the famę line, at 
which time the fun will be precifely upon 
the meridian. The other obierver 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 iha­

dows
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dows of his two ilrings always united in 
one diftinćt íhadow, that his obfervation may 
be compleat, when his affiftant gives the 
definitive fignal.

If this be repeated four or five times, a 
very accurate meridian line may be obtain- 
ed, and may be drawn on the window, 
the floor, or a pavement, by their íhadow 
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 ftar 
marked « at the extremity of the taił of the 
little Bear, from the polar point, was 2 deg. 
I min. 39 fec. on the firft day of January, 
A. D. 1751, old ftile ; at the fame time its 
right afcenfion was io° 45' equal to 
43 min. i 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, fubtraćt 
the laft from the firft ; by adding 24 hours

S 4 to. 
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to the right afcenfion of the pôle ftar when 
it is lefs than the fun’s, the remainder will 
be the time of the ftar’s Corning to the mé­
ridien.

Then, as before, hang up two plumb lines, 
betwcen your eye and the polar ftar.

PROBLEM LVI.

Of the équation of time.

306. As time flows with great regula- 
rity, it is impoflible to meafure it accurate- 
ly, and compare its feveral intervals with 
each other, but by the motion of fome of 
the heavenly bodies, whofe progrefs is as 
uniform and regulär as itfelf.

Ancient aftronomcrs looked upon the fun 
to be fufficiently regulär for this purpofe ; 
but by the accurate obfervations of later 
aftronomcrs, it 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.

j ft, 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 
famé again ; and one révolution of the earth, 

with
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- with refpećt to a fixcd dar, is performed in 
23 hours, 56 minutes, 4 féconds; there- 

: fore thę unequal progreffion of the earth 
through her elliptical orbit, (as íhe takés al- 
moft eight days more to run through the 
northern half of the ecliptic, than íhe does 
to pafs through the fouthern) is the reafon 
that the length of the day is not exačtly 
equal to the time in which the earth per­
forais its rotation about its axis.

2dly, From the obliquity of the ecliptic 
to the equator, on which lad 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 didances from each 
other.

This lad is eafily feen upon the globe, 
by bringing every tenth degree of the eclip­
tic to the graduated fide of the drong 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 V 
to every tenth degree of the ecliptic 

cornes
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cornes fooner to the ftrong brafs meridian 
than their correfponding i oths on the eqûa- 
tor; thofe in the fécond quadrant of the 
ecliptic, from to corne later, from 
«s to vs fooner, and from vs to Aries later, 
whilft thofe at the beginning of each qua­
drant corne to the meridian at the famé 
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 
différence which is called the équation of 
time.

Thefe caufes are independent of each 
other, fometimes they agréé, and at other 
times are contrary to one another.

The time marked out by an uniform 
motion, is called true time, and that fhewn 
by the fun, is called apparent or folar time, 
and their différence is the équation of tirne.

We
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We now proceed to ihew how 
the terreftrial globe will reprefent 
the real phœnomena relating to the 
earth, when a&ually compared with 
the refulgent rays eiuitted from the 
great fphere 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 différence in the figures placed 
to the famc hour circle ; if it cuts the Illd 
hour upon the polar circles, it will eut 
the IXth hour upon the equator, which 
is fix hours later, and fo of all the reft.

Through the great Pacific fea, and the 
interfećłion of Libra, is drawn a broad me- 
ridian from pole to pole, it paffes through 
the Xllth hour upon the equator, and the 
Vjth hour upon each of the polar circles ; 
this hour circle is gradyated 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 IXth hour 
upon the equator, and the Illd hour upon 
each polar circle ; this contains only one 
quadrant, or 90 dcgrees, the numbers an- 
nexed to it begin at the northern polar 
circle, and end at the tropie of Capricorn.

Herc 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 cali polar parallels ; they are placed 
at the diftance of one degree from each 
other, and reprefent the parallels of the 
fun’s déclination, but in a different männer 
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. ihould not happen to be ho­
rizontal.

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

. ■ pocket
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pocket fpirit level, or plumb rule, if you 
raife or deprefs this or that fide by a wedge 
or two, as the fpirit level ihall direćt ; if 
you háve 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 LVII.
To obferve the fun’s altitude by 

the terreftrial globe, when he 
ihines bright, or when he can 
but juft be difcerned through a 
cloud.

308. Confider the ihade 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 paffes through the IXth hour 
upon the equator, under the graduated fide 
of the ítrong brafs meridian, the globe 
being now fet upon the horizontal plane 5 
turn it about thereon, frame and all, that 
the íhadow of the ílrong brafs meridian 
may fall direéťly under itfelf, or in other 
words, that the íliade of its graduated face 
may fall exaétly upon the aforefaid hour 
circle ; at that inftant the íhade of extu- 
berancy will touch the true degree of the 
fun’s altitude upon that meridian, which 
paffes through the IXth hour upon the 
equator, reckoned from the polar circle, 
the moft elevated part of which will then 
be in the zénith of the place where this 
operation is performed, and is the fame 
whether it íhould happen to be cither in 
north or fouth latitude.

Thus we may, in an ealy and natural 
manner, obtain the altitude of the fun, at 
any time of the day, by the terreftrial globe -, 
fot it is very plain, whcn the fun rifes, he 
bruíhes the zénith and nadir of the globe 
by his rays; and as he always illuminâtes 
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 muß neceffarily 
illuminate a degree beyond the zénith, and 
io on proportionably from time to time.

But as the illuminated part is fomewhat 
more than half, dedućt 13 minutes front 
the ihade of extuberancy, and you have the 
fun’s altitude with tolerable exaétnefs.

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

When the fun does not ihine bright 
enough to caft a ihadow.

309. Turn the meridian of the globe to- 
ward the fun, as before, or direćt it fo that 
it may lie 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 ftrong 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 ftring 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 fliew the 
faîne point if he ihone 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 LVIII.

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

310. If you hâve a meridian line, fet the 
north and fouth points of the broad paper 
circle direétly 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 ftrong brafs meridian, then the 
pôles and parallel circles upon the globe 
will, without fenfible error, correfpond with 
thofe in the heavens, and each point, king- 
dom, and fiate, 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 déclination as before inftrućted, which 
will direćt 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 itfelf brought under the gra- 
duated fide of the firong brafs meridian : 
then move the frame and globe together, 
till the íhade 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 ihewn by the degree to which it peints 
in the compafs box.

T And
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And here obferve, if the parallel for the 
day iliould not happen to fali 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 
háve been confufed.

The reafon of this operation is, that as 
the fun illuminâtes half the globe, the ihade 
of extuberancy will coniłantly be 90 de- 
grees from the point wherein the fun is 
vertical.

If the fun be in the equator, the ihade 
and illumination muił terminale in the pôles 
of the world ; and when he is in any other 
diurnal parallel, the terms of illumination 
muß fali ihort of, or go beyond either pole, 
as many degrees as the parallel which the 
fun defcribes that day, is diftant from the 
equator; therefore when the ihade of ex­
tuberancy touches the polar parallel for the 
day, the artificial globe will be in the famé 
pofition, with refpećt to the fun, as the 
earth really is, and will be illuminated in 
the famę manner.

PROBLEM



Celeßial and 'Terreßrial Globes. 17$

PROBLEM LIX.

To find naturally the fun’s décli­
nation, diurnaí parallel, and his 
place thereon.

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

Note, The moon’s déclination, diurnal 
parallel and place, may be found in thç lame 
männer. Likewife when the fun does npt 
fhir.e bright, his déclination, &c. may be 
found by an application in the maïuiçr of 
problem 57.

PROBLE MT 2
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PROBLEM LX.

To find the fun’s azimuth naturally.

312. ,Ifa great circle at right angles to 
the horizon pafles through the zénith and 
nadir, and alfo 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 edge of the broad 
paper circle, will give the azimuth re- 
quired.

Method I.

313. Elevate either pole to the poiition 
of a parallel fphere, by bringing the north 
pole in north latitude, and the fouth pole 
in fouth latitude, into the zénith of the 
broad paper circle, having firft placed the 
globe upon your meridian linę, or by the 
other method before preferibed ; hołd up 
a plomb line fo that it may pafs freely near 
the outward edge of the broad paper circle, 
and move it fo that the ihadow of the 
ftring may fall upon the elevated pole ; then 
caft your eye immediately to its ihadow on 
the broad paper circle, and the degree it

there
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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.

Method II.

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

PROBLEM LXI.

To ihew that in fonte places of the 
earth’s furface, the fun will be 
twice on the fanie azimuth in the 
niorning, twice on the fame azi­
muth in the afternoon j or, in 
other words,

315. When the déclination of the fun 
exceeds the latitude of any place, on either

T 3 fide
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fide of the equator, the fun will be on the 
famę azimuth twice in the morning, and 
twice in the afternoon.

Thus, fuppofe the globe rećtified to the 
latitude of Antigua, which is in about 17 
deg. of north latitude, and the fun to be in 
the beginning of Cancer, oř to hâve the 
greateft north déclination ; fet the quadrant 
of altitude to the 21 ft degree north of the 
eaft in the horizon, and turn the globe upon 
its axis, the funs center will be on that 
azimuth at 6h. 30 min. and alfo at toh. 
30 min. in the morning. At 8 h. 30 min. 
the fun will be as it were ftationary with 
refpećt to its azimuth for fome time; as 
will appear by placing the quadrant of al­
titude to the i yth degree north of the eafł 
in the horizon. If the quadrant be fet to 
the famę degrees north ofthe wert, the funs 
center will crofs it twice as it approaches 
the horizon in the afternoon.

This appearance will happen more or 
lefs to ali places fituated in the torrid zone, 
whenever the fun’s déclination exceeds thcir 
latitude; and froin hence we may infer, 
that the ihadow of a dial, whofe gnomon 
is erećted perpendicular to an horizontal 

plane,
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plane, muft neceffarily go back feveral de- 
grees on the faîne day.

But as this can only happen within the 
torrid zone, and as Jerufalem lies about 8 
degrees to the north of the tropie of Can­
cer, the retrocefiion of the ihadow on the 
dial of Ahaz at Jerusalem, was in the ftrićteft 
fignification of the word, miraculous.

PROBLEM LXII.

To obferve the hour of the day in 
the moft natural männer, vvhen 
the terreflrial globe is properly 
placed in the fun-fhine.

316. There are many ways to perform 
this operation with refpeft to the hour, three 
of which are here inferted, being general 
to all the inhabitants of the earth -, a fourth 
is added peculiar to thofe of London, which 
will anfwer, without fenfible error, at any 
place not exceeding the diftancc of 60 
miles from this capital.
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i<«*ł  ’ I 
ift, By a natural ftilc.

3 r 7. Having redified the globe as before 
direćted, and placed it upon an horizontal 
plane over your meridian line, or by the 
other method, hold, a long pin upon the 
iłluminated pole in the diredion of the 
polar axis, and its ihadow will ihew the 
hour of the day amongft the polar pa- 
rallels.

The axis of the globe being the com- 
mon fedion of the hour circles, is in the 
plane of each j and as we fuppofe the globe 
to be properly adjufted, they will corre- 
fpond with thofe in the heavens; there- 
fore the fhade of a pin, which is the axis 
continued, muft fall upon the true hour 
circle.

2dly, By an artificial ftile.

318. Tie a fmall ftring with a noofe 
round the elevated pole, ftretch its other 
end beyond the globe, and move it fo that 
the ihadow of the ftring may fall upon 
the deprefled axis; at that inftant its iha­
dow upon the equator will give the folar 
hour to a minute.

But
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But remember, that either the autumnal 
or vernal equinoéHal colure muft firft be 
placed under the graduated fide of the 
flrong brafs meridian before you obferve 
the hour, each of thefe being marked upon 
the equator with the hour XII.

The ftring in this lait cafe being moved 
into the plane of the fun, correfponds with 
the true hour circle, and confequently gives 
the true hour.

ßdly, Witliout any ftile at all.

319. Every thing being rećlified as be­
fore, look where the fliade of extuberancy 
cuts the equator, the colure being un­
der the graduated fide of the flrong brafs 
meridian, and you obtain the hour in two 
places upon the equator, one of them 
going before, and the other following the 
fun.

Note. If this fliade be dubious, apply a 
pin or your finger as before direćłed.

The reafon is, that the fliade of extu­
berancy being a great circle, cuts the equa­
tor in half, and the fun, in whatfoever 
parallel of déclination he may happen to 

be, 
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be, is always in the pole of the ihadej 
confequently the confines of light and ihade 
will fhew the true hour of the day.

4thly, Peculiar to the inhabitants of 
London, and its environs, withiri 
the diftance of iixty miles,

< I . r t t ’ r ♦ f

320. The globe being every way adjufted 
as before, and London brought under the 
graduated fide of the ftrong brafs meridian, 
hołd up a plomb line, fo that its ihadow 
may fali upon the zénith point, (which in 
this cafe is London itfelf ) and the ihadow 
of the ftring will eut the parallel of the 
day upon that point to which the fun is then 
vertical, and that hour circle upon which 
this interfcćłion falls, is the hour of the 
day ; and as the meridians are drawn within 
the tropios at 20 minutes diftance from each 
ether, the point eut by the interfećłion of 
the ftring upon the parallel of the day, 
being fo near the equator, may, by a 
glance of the obferver’s eye, be referred 
thereto, and the true time obtained to a 
minute.

The
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The plomb line thus moved is the azi­

muth, which by cutting the parallel of the 
day, gives the fun’s place, and confequently 
the hour circle which interfeds it.

From this laft operation refults a corol- 
lary, that gives a fécond way of redifying 
the globe to the fun’s rays.

If the azimuth and fhade of the illumi- 
nated axis agree in the hour when the globe 
is redified, then niaking them thus to agree 
muft redify thé globe.

COROLLARY.

Another method to redify the globe 
to the fun’s rays.

321. Move the globe till the ihadow of 
the plomb line, which paffes through the 
zénith, cuts the fame hour on the parallel 
of the day, that the ihade of the pin held in 
the diredion of the axis falls upon, amongft 
the polar parallels, and the globe is redi- 
fied.

The reafon is, that the ihadow of the 
axis reprefents an hour circle; and by its 
agreement in the fame hour, which the 
ihadow of the azimuth ftring points out, 
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by its interfećfion, on the parallel of the 
day, it iliews the fun to be in the piane of 
the faid parallel ; which can never happen in 
the morning on the eaiłern fide of the globe, 
nor in the evening on the weitem fide of it, 
but when the globe is rećtified.

This rećfification of the globe, is only 
placing it in fuch a man ner that the princi­
pal great circles, and points, may concur 
and fall in with thofe of the heavens.

The many avantages arifing from thefe 
capital problems relating to the placing of 
the globe in the fun’s rays, an intelligent 
reader will eafily difcern, and readily ex- 
tend to his own as well as to the benefit of 
his pupil.

PROBLEM LXIII.

To find when the planet Venus is 
a morning or an evening ftar.

322. Rećtify the celeftial globe to the 
latitude and fun’s place, art. 189, 190. find 
the place of Venus by an ephemeris, and 
fet die artificial nioon to that place in the 
zodiac, which will reprefent the planet ; 
bring die artificial fun to the eaftern edge 

of
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of the horizon ; if Venus is then elevated, 
ihe will rife before the fun, and be a morn- 
ing ftar ; but if (he is deprefled below the 
horizon, ihe muß then confequently follow 
the fun, and become an evening ftar.

PROBLEM LXIV.

To find at what time of the night 
any planet may bc viewed wiüh a 
reflećling telefcope.

323. Rećtify the celeftial globe to the 
latitude and iun’s place, art. 189, 190. feek 
the planet’s place and latitude in an ephe- 
jmeris ; to which place in the zodiac, fet 
the artificial moon to reprefent the planet, 
and it will fliew its place in the heavens ; 
bring the planet’s reprefentative to the eaftern 
fide of the horizon, and the horary index 
will ihew the time of its rifing ; if the arti­
ficial fun is then elevated, the planet will 
not be vifible at that time by means of bis 
liiperior light 5 therefore turn the globe frqm 
eaft to weft until the artificial fun is de- 
prefled below the circle of twilight, art. 
93, and 2j6. where ftop the globe, and 

ferew
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fęrew the nut of the quadrant of altitude in 
the zénith, art. 192, lay its graduated edge 
on the center of the planet, and it will íliew 
in the horizon the azimuth or point of the 
compafs, on which the planet may then be 
viewed in the heavens ; the horary index 
will at the íame time point out the hour of 
the night% Whcn the planet comes to the 
ftrong brafs meridian, the index will fhew 
the time of its pafíiige over that celeftial 
circle ; and at the weftern edge of the ho­
rizon, the time of its fetting will likcwife 
be obtained.

PROBLEM
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PROBLEM LXV.

To find what azimuth the moon is 
upon at any place whcn it is 
flood or high water; and thence 
the high tide for any day of the 
moon’s age at the fame place.

324. Having obferved the hour and mi­
nute of high water about the time of new 
or full moon, rećtify the globe to the lati­
tude and fun’s place, art. 189, 190. find 
the moon’s place and latitude in an ephe- 
meris, to which fet the artificial moon, and 
icrew the quadrant of altitude in the zénith ; 
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 eut the horizon in the point of the 
compafs upon which the moon was, and 
the degrees on the horizon contained be- 
tween the ftrong brafs meridian and the 
quadrant, will be the moon’s azimuth from 
the ibuth.

To
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To find the time of high water at 
the famę place.

325. Rećtify the globe to the latitude and 
zénith, find the moon’s place by an ephe- 
meris for the given day of her age, or day 
of the month; and fet the artificial moon 
to that place in the zodiac ; put the qua­
drant of altitude to the azimuth before 
found, and turn the globe till the center of 
the artificial moon is under its graduated 
edge, and the horary index will point to 
the time of the day on which it will be 
high water.

T H E
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THE

In the Solution of

OF THE

Right Angled Spherical Triangles.

026. A Spherical triangle is formed upon
XX the furface of a globe by the in- 

terfeélion of three great circles.

327. A fpherical angle is the interfećłion
of two great circles that incline to one an- 
other ; the quantity of any fpherical angle 
is meafured by a third great circle, inter- 
cepted between the legs of the angle, at 
90 dcgrees diílance from the interfećłing 
point. Y

328. A right angled fpherical triangle 
hath one right angle, the fides about whioh

U are 
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are called legs, and the ûde oppolite to it 
the hypothenufe.

329. An oblique angled fpherical tri­
angle has its angles grçater or łefs than 90 
degrees: the folution of fpherical triangles 
conflits in finding the meafure of its fides 
and angles.

330. The fides of any fpherical triangle 
may be changed into angles, and the angles 
into fides ; if for any one fide, and its op- 
pofite angle, their complément to a femi- 
circle be taken.

CASE I.

PROBLEM LXVI.

The hypothenufe and one leg being 
given, to find the reft.

In the right angled fpherical triangle 
ABC, fig. 29. are given

The hypothenufe BC 64 40? , B A
The kg A C 42 12 S t0 find {the angles J

331. Fig. 30. elevate the pole P to 420 
12', the quantity of the given leg AC, and 
number the famé quantity on the itrong

brais



Celeßial and Terreßrial Globes. ' 29 ï 

brafs meridian front) Æ, the equator to Z, 
the zénith ; there fix the quadrant of alti­
tude. Bring that meridian which paflès 
through London under the brafs meridian, 
and count 64° 40', the meafure of the hy- 
pothenufe, on the quadrant downwards 
from Z to G, and move it till the point G in- 
terfećls the equator, and the triangle ZG Æ 
will be formed.

The fide Æ Z reprefents the given fide 
A C, the hypothenufe B C is reprcfentcd by 
the arch Z G, the required fide A B is re- 
prefented by G Æ an arch of the equator, 
its meafure 540 43', between Æ and G is 
the quantity fought ; the angle A C B, is 
reprefented by the angle G Z Æ, and its 
meafure is found on the arch A O of the 
horizon equal to 640 35'.

232. To find the other angle ABC, 
having obtained the meafure of the fide B A, 
540 43', elevate the pole P agreeable there- 
to, and reckon the lame from Æ to Z ; 
there fix the quadrant of altitude ; number 
the other leg AC, 420 12' from ÆtoG 
on the equator (the meridian paffing through 
London remaining as before) and to that 
point bring the quadrant of altitude ; then
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the arch A O, on the horizon, will contain 
48° 00', the meafure of the angle ÆZG, 
equal to A B C, the anglê fought.

CASE II.

PROBLEM LXVII.

The hypothenufe and an angle be- 
ing given, to find the reft. '

In the right angled triangle ABC, fig. 
29, are given

O /
The hypothenufe BC 64 401 Ç the angle ABC 
The angle ACB 64 35 J t0 Énd | the legs |

333- Fig. 33. place P p the pôles of the 
globe in the horizon H O, and fix the qua­
drant of altitude to Z the zénith ; number 
64° 35', the meafure of the given angle, 
upon the horizon from Æ to F; move the 
quadrant to the point F, and thereon count 
64° 40', the quantityof the hypothenufe from 
Z downwards to G, to which point bring 
that graduated meridian which paffes through 
Libra and the triangle GZ - will be 
formed.

ZG
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Z G an arch of the quadrant of altitude 
reprefents the hypothenufe; Z an arch 
of the equator reprefents the required fide 
AC equal 1042° 12', and Gs an arch 
of the meridian; P p equal to 540 43', 
is the meafure of the other required fide A B.

Now having found the fide A B, adjacent 
to the required angle ABC, its meafure 
may be found by art. 332.

CASE III.
PROBLEM LXVI1I.

A leg and its adjacent angle being 
given, to find the reft.

In the right angled triangle ABC, fig. 
29. are given •

TfC leg 1 ABC Îû £ t0 find Í ACB*
The angle ABC4000) iHyp. BC.

334- Fig- 3°’ e^evate the pole P> to 540 
43', the quantity of the given leg BA; 
count the famé from Æ to Z, and fix the 
quadrant at Z ; bring that meridian which 
pafles through London under the ftrong

U 3 brafs
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brafs meridian, and reckon thc givcn angle 
48° 00', from O to A, on the horizon ; 
bring the quadrant to A, and the triangle 
ZG Æ will be formed.

We hâve themeafure of therequired fide 
CA upon ÆG an arch of the equator, 
equal to 420 12Z, and the hypothenufe B C, 
upon G Z, an arch of the quadrant, equal 
to 64° 40', the angle A C B may be founcj 
by art. 332.

C A S E IV.
PROBLEM LXJX.

Both legs given, to find thc reft.

In the right angle triangle ABC, fig. 29. 
are given

» !
rAB 5443) rthehyp. CB 

The legs Ar. / tofi nd ) . „ . ( ACB ACz ą.2 j 2 j thcangles <

335. Fig. 25. elevate the globe to the 
quantity ofeithergiven leg as AC, 420 12', 
number the famé from Æ to Z, and fix the 
quadrant at Z, fet the meridian which pafles 
through London under the ftrong brafs me- 
fidian, and count the other given leg A B, 

54°
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540 43' upon the cquator from Æ to G, 
bring the quadrant to G, and the triangle 
Z G Æ will be formed.

The arch Z G on the quadrant of alti­
tude 64° 40 ' is equal to BC the hypo­
thermie, the arch OA, 64° 35' on the 
horizon, is the meafure of the angle G Z Æ, 
equal to the required angle ABC. The 
other angle inaj be found by art. 332.

CASE V.
, -’-Jj ...

PROBLEM LXX.

Both angles given, to find the thfee 
fides.

In the right angled triangle ABC, fig. 
29. are given

rACB 64 351 rthe hyp. BC 
The anglesABC 48 00 f to find 1 thc fidcs j AC C JC C Lv

336. In this fifth cafe, we inuft hâve re- 
courlè to art. 330, and then we (hall hâve 
an oblique angled fpherical triangle abc, 
fig. 31. whofe fide ab is equal to the angle 
A C B of the given triangle ; the fide b c, 
equal to the angle ABC; and the fide a c, 

U 4 equal
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equal to the complément of the right angle 
to 180 degrces, which muft therefore necef- 
farily be 90 degrees.

337*  ^g. 3°*  numher 48° oo( the fide 
bc of this fécond triangle, from P, the 
pole of the globe to Z, and there fix the 
quadrant of altitude ; then bring the point 
Z into the zénith, art. i 92. and count 90° 
00' the quantity of the fide ac, from P the 
pole to G, upon that meridian which pafies 
through ; number the fide ab, 64° 35' 
upon the quadrant of altitude downwards 
from Z to G, then move the globe and the 
quadrant, until thefe quantities meet in one 
point at G, and the triangle P Z G will be 
formed.

The arch Æ G, on the equator, will give 
the mcafure of the angle ÆPG 43^ 
equal to the required fide A B ; and the 
arch A O, in the horizon, that of the angle 
GZÆ 64° 40', which is the complémentof 
the angle P Z G to 180 degrees, and is equal 
to the hypothenufe BC: thus having obtained 
the meafures of two of the required fides, 
we hâve fufficient data to find the third fide 
A C, either by the firft or fécond of the pre- 
ceeding cafés, art. 331, 333.

. The
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The ufe of the Globes in the 
folution of oblique angled 
fpherical triangles.

CASE i.
PROBLEM LXXÏ.

to find

Two fides and an angle oppofite to 
one of them being given, to find 
the reft.

In the oblique angled fpherical triangle 
BCD, fig. 32. are given

• o 1
The fides ) JJ ’ 3

7 CD 56 40 
The angle CED 48 31

338. Fig. 30. Count the fide BC 83° 
13/, on the ftrong brafs meridian front P 
to Z ; fix the quadrant of altitude at Z, and 
bring that point into the zénith ; and front 
Z downwards to G, number 56° 40'; where 
make a mark for the extent of the other fide 
C D, and reckon its oppofite angle D B C, 
48° 31', on the equator front the point xs

at

the fide B D 
the angles | g p
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at G eaftward, towards Æ, where ftop the 
globe, and bring the mark upon the qua­
drant to coïncide at G with the meridian 
P G, which paíTes thro’ ta, then the arch 
PG will contain 1140 30'» the meafure of 
the required fide B D ; and the arch H A 
in the horizon 125° 20', will be the mea­
fure of the angle B C D ; the other angle 
P G Z, equal to the required angle B D C, 
may be found by art. 332, in changing the 
fides upon the globe. Or,

3 3 9. If you make a mark on the globe di- 
reétly under the point Z, and bring the point 
G to the zénith, over which the quadrant of 
altitude is to be fixed, and lay its graduatcd 
edge upon the point juft marked y it will 
fhew in the horizon, betwecn the ftrong 
brafs meridian and quadrant, 62° 51', the 
meafure of the required angle P G Ź, equal 
to the angle B D C.

CASE
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CASE II.
v— - ** ' ” • * -*»  »*  < kJ iïtl/f

PROBLEM LXXII.

Two angles and a fide oppofite to 
one of them being given, to find 
the reft.

In the oblique angled triangle BCD, 
fig. 32. are given

• 4.*  - *- ■*  - x*  »

\ BCD 1 20 ■) r . r. 5the angles | ßDC 6’ 5 ( ( to find ) the f,des { BD 

the fide BC 83 13 J [the angle DBC

340. Fig. 30. Reckon the angle BDC, 
62° 51', which is oppoíite to the given íide 
upon the equator from eaítwards, and 
bring that point to Æ ; count the given íide 
B C, 83° 13' upon the quadrant of altitude 
from Z downwards to G, where make a 
mark, and number the other given angle 
BCD 1250 30', in the horizon from H to 
A i fet the lower end of the quadrant to the 
point A, and hold it there while you flide 
the pole of the globe higher or lower, until 
the mark on the quadrant at G, interfećts 
that meridian which paíles through and 

at 
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at the fame time, that the nut at the up- 
per end of it may be exaétly in the zénith, 
where fix it, and the triangle P Z G will 
be formed.

The arch P Z, of the ilrong brafs meri- 
dian, contains 56° 40', the quantity of the 
required fide C D, and the arch P G 1140 
30', is equal to the other required fide B D, 
the angle DBCmay be found by art. 332, 
or 339.
• c - t

CASE III.

PROBLEM LXXIII.
• . ‘ ’ * *•  ' ' I •

Two fides and their contained angle 
given, to find the reft.

In the oblique angled triangle B C D, 
fig. 32. are given

the fides 83

the angle BCD 125

13 -» f the fide B D
40 l to find < , . J D B C30 J bbe angles |BDC

341. Fig. 30. Count the fide CD 56° 
40' froni P to Z on the ftrong brafs me- 
ridian ; bring the point Z into the zénith, 
and to it fix the quadrant of altitude, and 

number
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number from Z downwards to G, the quan- 
tity of the fide BC 83° 13', and there 
make a mark j then count the given angle 
BCD, 1250 30', on the horizon from H 
to A, and to A bring the quadrant ; laftly, 
bring the meridian which paffes through ä 
to the point G marked on the quadrant, 
and the arch P G, 1140 30', will be the 
meafure of the required fide B D, and the 
équatorial arch Æ G, 63° 517 is the mca- 
fure of the angle B D C, equal to the angle 
G P Z : the other angle may be found as 
before fhewn, art. 332, 339.

CASE IV.
PROBLEM LXXIV.

Two angles and the included fide 
given, to find the reft.

In the oblique angled triangle BCD, 
fig. 32, are given

the fide CD 56 40 j 
the angles J BCD I25 3° ft0 find tneangje^ ßDC j

ç the angles DBC 
phefides I

342. Fig. 30. Number the fide CD, 56° 
40', from P to Z, and bring Z into the 

zénith,
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zénith, and fix the quadrant there alfo ÿ 
count the angle B D C, 62° 51/ on the 
equator, from to Æ ; numbcr the angje 
BCD, 1250 30' upon the horizon from II 
to A, and bring the quadrant to A ; then 
PG, u40 30', will be equal to B D the 
required fide, G Z 83° 13' equal to the 
other required fide B C, and the angle 
P G Z equal to the angle D B C, may be 
found by art. 332, 339.

CASE V.
PROBLEM LXXV.

Three fides given, to find the angles,

In the oblique angled triangle BCD, 
fig. 32, are given

(BC 83 13] rBCD
The fides < CD 56 40 r to find the angles < CDB

tßD 114 30i tDBC

343. Fig. 30. Number thefide CD 56° 
40', on the ftrong brafs meridian from P to ■ 
Ż, bring Z into the zénith, and to it fix the 
quadrant of altitude ; count the fide B D, 
! 140 30' on the meridian, which pafles 
through ä from P to G, and die fide C B 

83°
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83° 13' upon the quadrant from Z down- 
wards to G, then move the globe and qua­
drant, until the two laft points coincide. 
The arch HA 1250 20' on the horizon 
will be the meafure of the angle P Z G, 
equal to the required angle B C D, tlie arch 
ÆS of the equator 82° 15', is the meafure 
of the angle G P Z, equal to the angle 
B D C. Thus having found two of the re­
quired angles, the third may be found by 
art. 332, 339.

CASE VI.

PROBLEM LXXVI.

The angles given, to find the fides.

In the oblique angled triangle B C D, 
fig. 32. are given

rBCD 125 20] f BC
The angles < CDB 62 51 ? to find the fides / CD 

iDBC 48 31J (DB

344. This cafe may be refolved as the 
fifth cafe of right angled fpherical triangles 
art. 336. by converting the angles into fides, 
then finding the angles as in the laft pro­

blem, 
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blem, where the angles in the convertcd 
triangle will be the fides required in this.

Having ihewn how to folve ail the cafés 
in right and oblique angled fpherical tri­
angles, we proceed to fhew the extenfive 
ufe of the globes in the folution of a few of 
the principal aftronomical problems, accord- 
ing to Dr. Flamfted’s doćtrine of theiphere; 
and as we do not know thefe hâve ever yet 
been applied to the globes, hope the reader 
will think them both entertaining and ufe- 
ful.

The
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The Ufe of the Globes in the 
Solution of fpherical Pro­
blems.

PROBLEM LXXVII.

Given, the fun’s place in the 
ecliptic in 0 u0 15'. The in­
clination of the planes of the 
equator and ecliptic, 23° 29'.

To find the fun’s right afcenfion 
from the firft point of Aries, the 
fun’s diftance from the north pole 
of the World, and the angle, which 
the meridian, pafiing through the 
fun at that place, makes with the 
ecliptic.

/

345. Fig. 34. The circular fpace marked 
S5, â, vs, T, reprefents the ecliptic, e its 
pole, P the north pole of the world, ele- 
vated 661 degrees above the firft point of S». 
The eye is fuppofed to be placed direćUy.r

X over 
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over the point e, when the reader compares 
this figure with the globe.

Make a mark ©, at 120 15' in Taurus, 
to reprefent the fun’s place in the ecliptic, 
and turn the globe till that meridian which 
paffes through a interfećls the point o ; it 
will then reprefent the fun’s meridian at 
that time.

The globe being thus rećłified, we hâve 
between the fun’s proper meridian P0, and 
the folftitial colure S P vs, here reprefented 
by the ftrong brais meridian, with the arch 
q S, a fpherical triangle © ® P, right 
angled at in which we have the fol- 
lowing data. See fig. 34.

S © 470 45', the complément of T o, 
which is the fun’s diftance from the firft 
point of Aries.

®P 66° 31, the complément of P e, 230 
29', the diftanceof the pôles of the equa- 
tor and ecliptic.

To find the angle ffi P 0, the complément 
of G P V, the fun’s right afcenfion from 
the firff point of Aries, art. 202.

The fidc P 0, the fun’s diilance from the 
north pole of the world. And

The
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The angle S 0 P, which is the angle that 
the meridian paffing by the fun makes 
with the ecliptic. 

• -
We obtain the meafure of the firft, by 

numbering the degrees upon the equator, 
between the ftrong brafs meridian, and that 
which paffes through which are equal 
to 50° i2z, its complément; 39® 48' is the 
fun’s right afcenfion, which is that angle at 
the pole formed by the proper meridian 
0 P with the meridian V P.

Note, This arch of the equator could 
not be reprefented in fig. 34. it being undef 
the broad paper circle ; but the reader will 
fee it plainly when the globe is thus rećti- 
fied.

The quantity of the fécond poftulatum, 
which is the fun’s diftance from the neareft 
pole, is found by infpećtion, 740 27' upon 
the arch P 0 of that meridian pafling thro’ 
ä, its complément P i, equal to 15° 33', 
is the diftance of the north pole from the 
edge of the illuminated difc, reprefented 
upon the globe, as in fig. 34. bý the femi- 
circle feg, the black line fe' being.the 
quadrant of altitude, and the other deftted

X 2 half
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half e g being fuppofed ; or, if the reader 
pleafes, he may reprefent it with a ftring. 
This complément P i is, by Mr. Flamfted, 
called the reflećtion, and is ever equal to 
the fun’s déclination.

Laftly, the meafure of the angle ® ö P> 
is obtained by fcrewing the quadrant to e 
the pole and zénith point of the ecliptic, and 
counting 90 degrees from O to f; thither 
bring its lower end, then will the arch Qi 
be a quadrant alfo; and the quantity 720 
i o', counted from f to i, upon the quadrant 
of altitude, is the meafure of the required 
angle ® qP, formed by the meridian i P 0 
with the ecliptic 0 S a.

PROBLEM
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PROBLEM LXXVIII.

Given, the fun’s place in the eclip- 
tic ö 12° 15', the refleétion or 
déclination 150 33', and latitude 
of the place, fuppofe London, 
51° 32'.

To find the time of the fun’s rifing 
and fetting ; the length of the 
day and night ; the amplitude of 
the rifing-iun from the eaft, and 
of the fetting-fun from the weil ; 
and that of the path of our ver- 
tcx in the edge of the illuminated 
difc.

346. Fig. 35. elevate P, the pole of the 
globe, to 15° 33', the fun’s déclination, 
above the plane of Bd G i, the circle of il­
lumination : count the fame quantity from 
Æ the equator to O, at which point fix the 
quadrant of altitude ; this point will repre- 
lent the fun’s place ; make a mark upon the 
globe on that meridian which paffes thro’

X 3 Ä at
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ä at 510 32' the given latitude; this will 
exprefs a point in the path of the vertex of 
London : bring this point to the edge of the 
difc at B, and fet the lower end of the qua­
drant thereto : B is that point in the difc 
from which the fun is feen to rife, or where 
the vertex of London in its diurnal motion 
from weil to eaft, pafles out of the obfcure 
into the enlightened part of the difc; i P d 
is the fun’s proper meridian, which is re- 
prefented in this by the ftrong brafs meri­
dian. O is the place at which the vertex 
of London arrives at noon, being 510 32' 
from Æ the equator to O, and G the place 
in the difc, from which the fun is feen to 
fet, or where the vertex pafles out of the 
illuminated into the obfcure part of the difc. 
B O G is the diurnal, and G—B, on the 
other fide of the difc, (not here reprefent- 
ed, but to be feen upon the globe) is the 
noéturnal part of the path of London.

If you bring the mark on that meridian 
which pafles through 4 to the point G, and 
the quadrant of altitude to the fame point, 
it will be plain that we íhall háve two tri­
angles formed on each fide of i P 0, the 
fun’s proper meridian, viz. q PB, B iP,
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on the oriental or afcending fide, and ©PG, 
i P G, on the occidental or defcending fide.

In either of thefe four triangles thcre are 
fufficient data to find what is required in 
this problem. In the triangles 0 PB, P G> 
are given, G P in both, the fun’s diilance 
from the pole, P B, equal to P G, the dis­
tance of the vertex from the pole, which is 
always equal to the complément of the la­
titude, with the fides OB, OG, each equal 
to 90 degrees.

To find the angle PBG, orPGö, the 
fun’s amplitude from the north, when rifing 
or fetting ; and the angle ©PB, or ©PG, 
the time before noon. But as the two laß 
mentioned angles are obtufe, we chufe to 
refolve this problem by one of the two lefier 
triangles P B i, PGi, each of them being 
right angled at i, in which are given, P i, 
the refiećtion, 150 33', equal to the décli­
nation, BP, equal to PG, 38° 28', thedif- 
tance of the pole from the vertex.

To find the angle P B i, or P G i, the 
complément of ©Bi, or ©Gi, the fun’s 
amplitude at rifing or fetting from the eaft 
or weit, and the angle i P B, equal to the 
angle iPG, which are formed between the

X 4 fun’s 
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fun’s proper meridian, and that which paffes 
through the vertex at fun-rifing or fetting : 
this changed into time, expreffes the time 
from midnight, of fun rifing and fetting. 
The fide B i is called the amplitude of the 
path of London in the edge of the difc, and 
thefe are obtaincd from the globe as fol- 
lows.

The meafure of the angle B P i is obtain- 
ed by infpećtion, reckoning from c upon 
the cquator to the ffrong brafs meridian, 
which is 96° 31' : if reduced to time, it is 
4 h. 38 m. in the morning, at which time 
the fun rifes at London, whcn he is in 0 
12° 15', and confequently fets at 7h. 22m. 
afternoon. See art. 249.

The quantity 350 38' of the required 
fide B i, is obtained by infpećtion between 
B and i, upon the edge of the difc.

The meafure of the angle P B i may be 
attained as follows : every thing elfe remain- 
ing as before, bring the graduated edge of 
the moveable meridian to the firff point of 
V on the ccliptic ; thcn count the compte- 
ment 540 22' of the fide B i, from i to x, 
where make a mark ; and count the com­
plément of B P, 51*  32' from P to y, upon 

the
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the moveable meridian, where make another 
mark; remove thequadrantofaltitude, and 
apply it between thefe two marks, and the 
quantity 25° 31' isthe meafure of the angle 
PB i, art. 327. This isthe iun’s amplitude 
from the eaft, or N. E. 3° i' eafterly.

PROBLEM LXXIX.

Given, the latitude of the place 51° 
32', or rather its complément 38° 
28', which is the diftance of the 
path of the vertex from the pole, 
and the fun’s diftance from the 
pole, 74.0 27', which is the com­
plément of his déclination 15*  
33'-

To find the fun’s diftance from the 
vertex at the hour of fix, and his 
amplitudę at thac time.

347. Fig. 35. Elevate P, the pole of the 
globe, to 15° 53', the déclination ; bring the 
moveable meridian to that which pafles 
through London j flide the artificial horizon 

to
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to 510 32', the latitude of the place, and 
turn the globe till the fixth hour upon the 
equator cornes under the graduated fide of 
the ftrong brafs meridian ; then the move- 
able meridian, together with that which 
paifes thro’ «, will reprefent the fix o’clock 
hour-circle F K P A g ; fix the quadrant of * 
altitude to 15” 33', at the point ©, counted 
from Æ the equator -, turn the quadrant to 
the point K, which reprefents the center of 
the artificial horizon, and the proper triangles 
will be formed.

In the right angled fpherical triangles 
APo, KP0, right angled at P, are given 
P K, equal to PA, 38° 28', the diftance 
of the vertex from the pole, q P> the path’s 
diftance from the pole 740 27'. To find 
©K, or ©A, the fun’s diftance from the 
vertex at the hour of fix, and either of the 
angles, ©AP, or ©KP, the fun’s azimuth 
from the north at the famé time.

It is plain that P ©, being the fun’s pro­
per meridian, F P g at right angles to it, 
muft be the hour-circle of fix in the morn- 
ing and evening, and that the fun rifes, 
when the vertex B cornes in the weftern 
edge of the fun’s enlightened dife. Thereforc

it
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it muß be at K, at fix o’clock in thc morn- 
ing ; at noon the vertex will be at O, upon 
O P, the fun’s proper meridian ; and at fix 
in thc evening it will be at A, upon the fix 
o’clock hour-circle again ; and when the 
vertex arrives at G, upon the eaftern edge 
of the difc, the fun will be feentofet weft- 
ward of the vertex.

The required fide o K, which is the fun’s 
diftance from the vertex, is found bycount- 
ing the quantity 770 53' upon the quadrant, 
from 0 to K ; and the angle 0 KP, 8o° 
ii'; the fun’s azimuth from the north may 
be meafured by producing the fide K G, to 
90 degrees from K to m, (art. 327.) the 
fide KP being already produced on the 
other fide of the ftrong brafs meridian, KP 
is known to be 38° z8z ; therefore count 
its complément 510 32', from P to n, upon 
that meridian which paffes through and 
there make a mark ; now remove the qua­
drant of altitude to eut the oppofite point 
of the horizon to that at which it ftood be- 
forc, and count thereon from Q down- 
wards 120 07' to m, where make another 
mark ; then an arch of a great circle applied

to
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to thefe two marks will give 8o° il', the 
fun’s azimuth from the north.

Note, A flexible femicircle of pofîtion, if 
applied with the quadrant of altitude, will 
be found ufcful in this and many other cafés.

PROBLEM LXXX.

To find the fun’s diftance from the 
yertéx when due eaft or weil, 
and the hour, or time from noon, 
when he ihall be in either of 
thefe points.

348. Fig. 35. the north pole of the globe 
being elevatcd to the fun’s déclination, as 
in the laft problem, and the quadrant fixed 
at o asbefore, the moveable meridian placed 
on that of London, and the center of the 
artificial horizon fet to the famé point; 
turn the globe fo that the graduated edge 
of the quadrant may lie upon the eaft and 
weft points of the artificial horizon, and the 
triangle O K P will bc formed ; in which 
is given o P, the fun’s diftance from the 
pole 74° 27' ; P K the diftance of the 
path from the pole, 38° 2iz; qK, the 

fun’s



Celeflial and Terreßrial Globes. 317 

fun’s diftance from the vertex, when due 
eaft and weit, may be found by infpećtion, 
counting from o to K upon the quadrant, 
70° o' : the meafure of the angle 0 PK 
is alfo obtained upon the equator, counting 
from that point where it is croifed by the 
quadrant of altitude, to its interfećtion with 
the graduated fide of the ftrong brafs meri- 
dian, 770 53', in time 5 h. 9 m. from 
noon, which is 51 min. part 6 in the morn- 
ing ; or at 9 min. paft 5 in the afternoon, 
when the fun is due eaft or weit.

The fun’s diftance 700 o' from the ver­
tex as found above, when due eaft or weft 
fubtraćled from 90 degrees, leaves 20 deg.' 
which is its altitude above the horizon at 
either of thefe tknes, for © v, 0 w are 
quadrants, from which if we take © K in 
the firft, or © A in the fécond, it is K v, 
in one and A w in the other, equal to the 
fun’s height.

PROBLEM
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PROBLEM LXXXI.

Given the hour from noon, viz. 8 in 
the morning, which is 4 hours 
from noon, and the fun’s diftance 
from the pole, 74° 27'.

To find his diftance from the vertex.

349. Fig. 35. elevate P the pole of the 
globe to the fun’s déclination, 15’ 33' fet 
the moveable meridian to the vertex of Lon­
don, and flide the center of the artificial 
horizon to that point at K, and turn the 
globe, until the eighth hour-circle marked 
upon the equator cornes under the graduated 
fide of the ftrong brafs meridian ; the qua­
drant of altitude being fíxed at the point G 
as before, tum it to the point K, and the 
triangle 0 P K will be formed ; in which 
is given the angle KP®, four hours from 
noon, PK, 38° 28' the diftance of the 
path from the pole ; O K the fun’s diftance 
from the vertex will then be found, by in- 
ipedion on the quadrant, counting from 0 
to K 590 20'.

P R O B L E M
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PROBLEM LXXXII.

Given the fun’s diftance from the 
pole 740 27', the latitude of the 
place 510 32', and the fun’s dif- 
tance front the vertex by obfer- 
vation, 46° 11

To find the time of the day when 
that obfervation was made, and 
the azimuth upon which the fun 
was at that time.

350. Fig. 35. elevate P, the pole of the 
globe to 15° 33 ' the complément of the fun’s 
diftance from the pole ; bring the moveable 
meridian to the vertex of London, and ilide 
the center of the artificial horizon to that 
point : then fcrew the quadrant to 0 the 
zénith of the illuminated dilk, and bring 
its graduated edge to London ; and move 
the globe and quadrant, that the vertex may 
eut the quadrant at 46® n', the obferved 
diftance counted from ß to K; and an ob­
lique angled triangle O K P will bc formed 
upon the globe, in which we have thrce 

fides
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fides given, © P, 74° 27' the lun’s diftance 
from the pole, 0 K his obferved diftance 
from the vertex 46° 11 ' in the morning, ■ . 
and KP 38° 28' the diftance of the pole 
from the vertex: to find the angle KP O, 
count the quantity contained upon the equa- 
tor, between the moveable and ftrong brafs 
meridians, which will be found 36° 23', or 
2 h. 25 m. in time from noon, which is 35 
minutes paft 9 o’clock in the morning.

The angle PK ö may be meafured by 
producing the arches which include the 
angle to the diftance of 90 deg. from the 
angular point as in art. 332. or by art. 339. 
andit will befound 127° 40', or il points 
of the compafs from the north, reckoned 
round by the eaft, or SEbE, 30 35' 
foutherly.

If the obfervation had been made in the 
afternoon, at the famé hcight or diftance 
from the vertex, the anfwers would hâve 
been the famé, but in a contrary di­
re# ion.

By this problem we may regulate our 
docks at any time of the day, without ftay- 
ing till the fun cornes to the meridian ; if 
the fun’s altitude be taken by a large qua­

drant.
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drant, and you note the time by the clock 
when the obfervation was taken, and the true 
time anfwering thereto be found as above, or 
by calculation, the différence between this 
and the time pointed out by the clock at the 
inftant of obfervation will fhew how much 
the clock is before or behind the folar appa­
rent time.

PROBLEM LXXXIII.
Given, the latitude of the place 5 10 

32', the fun’s place 0 120 15', 
the fiin’s right afcenfion, 390 48^ 
at one o’clock afternoon, being 
the time when an obfervation was 
made :

To find, what point of the ecliptic 
culminâtes upon the meridian, 
which is the higheft point of it, 
or the çoth degree from the points 
wherein it interfeâs the horizon, 
and confequently thofe points 
themfelves ; the diftance of the 
nonagefimal and mid-heaven points

Y from
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from the vertex ; and the angle 
madę by the vertical circle pafling 
through the fun at that time with 
the ecliptic.

- »J "I V»*  mÍ’»7 i ’ iO ul
351. Fig. 34. elevate P the pole öf the 

globe to 66 i degrees, count the famę quan- 
tity from Æ the equator to e, there fix the 
quadrant of altitude ; this point e, will then 
be the pole of the broad paper circle marked 
V ä vs, which now reprefents the eclip­
tic, in which at 0 put a mark, at Ö 120 
15' for the place of the fun ; bring thegra- 
duated edge of the moveable meridian firft 
to thć vertex of the given place, in this ex­
ample London, and bring the center of the 
artificial horizon thereto -, next fet it to the 
point marked 0, and the horary index to 
that Xllth hour upon the equator which is 
tnoft elevated, and tum the globe until the 
given time one hour from noon cornes under 
the horary index. Then fet the graduated 
edge of the quadrant of altitude to the ver­
tex at E, and the globe will be rećtified for 
a folution of this problem, in which we 

,have two fpherical triangles, P <5 D, and 
ePE.

E, is
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E, is that point in the path on which the 
vertex is ąt one o’clock afternoon, D, that 
point of the ecliptic which then culminâtes 
upon the meridian EG S, the angle made 
by E 0 the vertical circle then pafling thro*  
the fun with the ecliptic j the point T in 
the ecliptic, which is eut by the quadrant 
of altitude pafling through E, is evidently 
the neareft point to the vertex, or the high-*  
eil or nonagefimal point of it. E T is the 
diftanèe of the point T from the vertex E, 
and E D the diftance of D from the vertex, 
which is the point then culminating upon 
the meridian.

In the triangle DSP, is given the angle 
SPD, the complément of V PD, which 
is the right afeenfion of the mid-heaven, 
the fun’s given right afeenfion 39° 48', 
agreeable to the fun’s place ti 12° rj', at 
noon, to which the addition of 150 for one 
hour after noon, as we did above in rećłi— 
fying the globe, makes the angle V P D 
540 48' the prefent right afeenfion of the 
mid-heaven and P E D the meridian at that 
time; PS 66° 31', and the angle at S» 
right.

Y 2 I. To
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I. To find & D, the complément of V 
D, the longitude of P D the mid-heaven 
from the firft point of V, which is ob- 
tained on the eeliptie here reprefented by the 
broad paper circle between points s and D, 
320 54', or between v and D, 570 6', the 
longitude itfelf, which is 27 deg. 6 min. in 
Taurus. D is that point of the eeliptie 
which culminâtes upon the meridian at that 
time, whence we may readily find what 
points of the eeliptie rife and fet at that 
time.

The quantity 70° 27' contained between 
P the pole of the globe and D upon the 
moveable meridian, is the diftance of D the 
mid-heaven point from the pole ; if we 
dedućł PE 38.28, or count the quantity 
between D and E, we íhall háve 310 59/, 
the diftance of the point D in the eeliptie 
which now culminâtes on the meridian from 
the vertex E, its complément to 90 degrees 
being 58° i1 is the height of the eeliptie 
at this time, or the inclination of the eelip­
tie to the horizon of the place.

II. To find So T, the complément of 
T T, which is the longitude of the nona-

gefimal,
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gèfimal, and TE its diftance from the 
vertex.

In the oblique angled fpherical triangle 
PeE, are given Pe 230 29', the diftance 
of the pôles of the equator and ecliptic, P E, 
38° 28' the co-latitude with the inclüded 
angle e P E 1440 48', the complément of 
350 I2Z the diftance of the mid-heaven 
from the firft point of ® to 180 degrees. 
The meafure of this angle is obtained upon 
the equator between the ftrong brais, and the 
moveable meridians.

To find the angle PeE, as it is inclüded 
between ® e, the ftrong brafs meridian, and 
eT the quadrant; we hâve its meafure 
240 44' upon the arch T of the ecliptic, 
its complément 65° 16' is Y T, the longi­
tude of the nonagefimal from the firft point 
of Aries, or a 50 i6' its diftance E T from 
the vertex E, is gained on the quadrant of 
altitude 310 2', the complément 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 ecliptic and horizon 
make with each other ; as T is the higheft 
point of the ecliptic at this time, and its 
longitude in n 50 i6', three figns or 90

Y 3 degrees
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degrees counted on the broad paper circle 
from T towards x will give 11X 50 ióz for 
that point of the ecliptic which is then rifing, 
and the famé quantity counted from T to­
wards y will fall upon x 50 161 which 
point is thcn fetting.

III. To find the angle E 0 T being that 
which a vertical circle E G pafling through 
the fun at that timc makes with the eclip­
tic ; thi.s is called the parallaétic angle.

To reprefent this angle upon the globe 
it is neceflary to hâve a-flexible ilip of brais, 
or a ilip of parchment about the breadth 
of the quadrant of altitude, with the di- 
vifîons infcribed on it with a pen ; if this 
ilip be applied to the point G and its gra- 
duated edge laid over the vertex E, and 
extended to the quadrant of altitude firil 
removed to x 90 degrees from 0 it will in- 
terfeét the quadrant at w, the quantity upon 
the quadrant, from x to w, will be 56° 29', 
the meafure of the parallaétic angle E O T. 
The rcfult of this problem is as follows;

That point of the ecliptic which culmi- 
minates on the meridian is in Ö 270 6' its 
diftance from the vertex 310 59', the higheft 
,or nonagefimal point of the ecliptic, ®

5e 16',





-M-
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5° i6z, its diftance from the vertex 31 ° 2', 
the rifing point of the ecliptic 50 16', its 
fetting point x 50 16', the diftance of the 
nonageiimal from the mid-heaven 8° io'j 
and the parallaćtic angle at this time 56° 59'.

PROBLEM LXXXIV.
f ** f r*  -k.', ř

Given, the latitude of the place, 
right afcenfion and déclination of 
any point of the ecliptic, or of a 
fixed ftar :

To find its rifing or fetting ampli­
tude, its afcenfional différence, 
and thence its oblique afcenfion.

352. Fig. 36. elevate P, the pole of the 
globe to 510 32', the latitude of Lon­
don ; then the diurnal parallel of the firft 
point of Cancer will be reprefented by 
S> F, the tropie of that name, marked 
£5 e F, in fig. 36, bring the firft point of S> 
çn the ecliptic line to the graduated edge of 
the ftrong brafs meridian, and e will be the 
point where it rifes ; to this point bring the 
graduated edge of the moveable meridian, 

'Y 4 reprefented
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reprefented in the figure by P e g p, then 
a e, upon the horizon at H O, or the angle 
a Z e, from the angular point Z m, the zé­
nith will be its rifing amplitude, from the 
eaft at Aries, towards the north point of the 
horizon at o, and a g, determined by the 
moveable meridian, which now reprefents 
a circle of right afcenfion pafiing through 
the points e and g, and the horizon its af- 
cenfional différence, which fubtraded from 
its right, leaves its oblique afcenfion.

The afcenfional différence is the différence 
between that point of the equator, which 
culminâtes upon the meridian, with the firff 
point of Cancer, and that other point of 
the equator which rifes with it above the 
horizon ; it is here fubtraćled, to find the 
oblique afcenfion ; becaufe that point of the 
equator which rifes with the firft point of 
Cancer, cornes to the horizon before the 
point of its right afcenfion, or that point 
with which it culminâtes upon the meridian.

In the triangle age, we hâve ge, the 
northern déclination of the point e, in the 
diurnal parallel of the firft point of Cancer, 
cqual to 230 29', the angle g a e, which 
is the inclination of the planes of Æ Q_the 

equator.
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equator, and H O the horizon, with thc 
angle at g right. W hence upon the horizon 
we obtain between a and e, 390 50', the 
rifing amplitude of the firft point of 05, 
which is N E b E, and 50 2oz more. Up­
on the equator, from a to g, we find 33*  
9', the afcenfional différence of the firft 
point of Cancer : which fubtrafted from 
90 deg. the right afcenfion of that point, 
leaves 56° 51', its oblique afcenfion.

Every thing elfe upon the globe remain- 
ing the famé, if we bring the moveable 
meridjan to the point n, where the tropie 
of Capricorn interfècfts the horizon, we 
fhall hâve another triangle a b n, equal to 
the former, wherein thc firft point of Ca­
pricorn has the famé amplitude 23° 29' from 
a, in the eaft, to n, towards H, the fouth 
part of the horizon, that the former tri­
angle had towards the north ; and this 
added to the right afcenfion of the firft point 
of Capricorn, 270/ 00', gives its oblique 
afcenfion 303° 09', becaufe that point of 
the equator which rifes with the firft point 
of Capricorn cornes to the horizon after the 
point of its right afcenfion, or that with 
ivhich it culminâtes upon the meridian.

353. Note,
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353. Note, Every flar which riies with 
any point of the ecliptic has the famé ob­
lique afcenfion with that point.

The ftar marked v, in the leg of the con- 
ftellation Bootes, of the fourth magnitude, 
which is reprefented in fig. 36. at the point 
*, having its north déclination f % 17'21', 
its afcenfional différence a f, rifes above 
the horizon with the famę point of the equa- 
tor with which e, in the diurnal parallel of 
the firft point of Cancer, rifes. So that ha­
ving its right afcenfion 204°, and déclina­
tion 17° 21 its afcenfional différence and 
oblique afcenfion may be found in the tri­
angle a f *,  in the famę männer in which 
the former wcre found in the triangle 
agc,

As the afcenfional différence is fubtraćłcd 
from the right afcenfion to find the oblique 
afcenfion, if it be added to the right afcen­
fion it will give the oblique defcenfion. For 
that point of the equator which fets with 
the diurnal parallel of the firft point of 
Cancer, cornes to the horizon before the 
point of its right afcenfion, or that with 
which it culminâtes upon the meridian. 
Hence we háve anothęr method of finding

the
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the length of the day at London, or elfe- 
where, when the fun is in the firft point 
of Cancer, or ąny other parallel of his dé­
clination, viz.

354. Siibtraćł the fun’s afcenfional dif­
férence in time from fix in the mornipg, 
the refidue is the time of his rifing ; add it 
to fix in the evehing, and it gives the time 
of his fetting ; then doubling the firft you 
obtain the length of the nighf, and 
double of the laft will be the length of the 
day. And after this männer all thefe par- 
ticulars may be found to every intermédiare 
point of the ecliptic in all latitudes.

As the rifing and fetting of fome of.the 
principal fixed ftars are mentioned by ancient 
writers, as criteria, by whićh to judge of 
the commencement of feafons, and the be- 
ginning of times fet apart for religion, huf- 
bandry, politicks, &c. we have judged it 
necefiary to add the following problems, as 
a farther élucidation of the two former, art. 
302 and 303.

PROBLEM
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PROBLEM LXXXV.

Given, the latitude of the place, the 
points of the ecliptic with which 
a ftar rifes or fets, and the altitude 
of the nonagefimal, when thofe 
points are upon the horizon :

To find in what points of the eclip­
tic the fun muft be to make the. , f - ». . . . ' • . . »7./

ftar when ri fing or fetting appear 
juft free from the folar ray s ; and 
thence the times of its heliacal 
rifing and fetting.

355- Fig. 36. Elevate P, the pole of the 
globe, to the latitude of the place, and fix 
the quadrant of altitude in the zénith at 
Z, and HO will reprefent the horizon. 
Turn the globe until the given ftar juft ap- 
pears at # in the edge of the horizon, and 
a will be that point of the ecliptic in which 
the fun muft be when the ftar rifes and fets 
with it : Let us fuppofe the ftar at * to be 
of the firft magnitude, which requires that

I thç
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the fun ihould be depreffed 12 degrees be- 
low the horizon, that the ftar may appear 
free from the folar rays : having noted the 
point a, on the ecliptic, move the quadrant 
until the i2th degree below the horizon 
interfeds the ecliptic at s, then Z s will re- 
prefent a vertical circle, in which the fun 
at s is depreifed 12 degrees.

So in the triangle a C S, right angled at 
C, we have the fides CS, 12 degrees, the 
requifite depreflion of the fun below the 
horizon, to free the ftar from his rays, or 
that point of the ecliptic at S, to make the 
ftar at * firft heliacally vifible when it rifes, 
or from which we may fee upon the other 
fide of the globe when it fets heliacally.

The angle S a C is the altitude of the 
nonagefimal, or inclination of the planes of 
the ecliptic and horizon ; and the angle at 
C right, being formed by the interfedion 
of a vertical circle with the horizon : the 
meafure of the angle S a C, is obtained by 
infpedion on the brafs meridian from O 
to vs, the point in which the tropie of Ca- 
pricorn cuts that circle -, the fide a S, being 
an arch of the ecliptic, through which the 
fun paffes, from the time the ftar at v rifes 

with
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with him to řts heliacal riftng, or an arch 
of the fame quantity on the oťher fidďof 
the globe, through which the fun ifiüft 
háve paffed from the time when the ftar 
fet heliacally, to its fetting with the lu ni 
wHich, as in the former cafe, added to the 
point of the ečlipťic, in which the fun is 
when the ftar rifes with him, gives the point 
he is in at its heliacal rifíng ; and in the 
latter cafe fubtraćled from that point of the 
ecliptic the fun is in when the ftar fets with 
him, leaves the point he is in at the fame 
ftar’s heliacal fetting.

Thus having found the points of the 
ecliptic in which the fun muft be when any 
ftar rifes or fets heliacally, againft thofe points 
in the kalendar, on the horizon, you obtain 
the month and day.

As the diftances of the fixed ftars from 
one another háve been found the fame in 
all âges, it is probable they háve no real 
motion of preceflîon, but only an apparent 
one, caufed by the retrocefiion of the equi- 
noćtial points, which are found to recede 
from their ancient ftations at the rate of 50 
féconds every year ; this alters their longi­
tude, but their latitude does not vary : hence 

their





Plate J/. /řonhng p. 334



Cdejiial and Tcrreßrial Globes. 335 

their places being once determinéd to a 
known year, their longitudes may be afcer- 
tained for any time paft or to corne, by 
the fole fubtraétion or addition of fo many 
times 50 féconds, as there are years between 
that to which the given flar is rećtified, and 
that to which it is required ; or knowing 
the quantity of preceflion from any former 
period, the diftance thereof in time may be 
obtained, by reducing it into féconds, and 
dividing the refult by 50, the quotient will 
give the number of years, as in the follow- 
ing examples.

Example I.

Given, 1908 years. To find the quantity 
of the preceflion for that time.

1908 years 
Multiply by - - 50 féconds.

6o)954oo

60)1590

Anfwer — 26° 30' preceflion in 1908 
years.

'ffü I • • ■ .1 .U
?..

Example
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Example II.

Given, 26° 30', the quantity of the pre- 
ceffion to find the time

26° 30'
Multiply by 60

] 590 minutes.
Multiply by 60

Divide by 50)95400 féconds.

Anfwer - 1908 years.

The regulär change in the preceflion of 
the fixed ftars, or rather the confiant retro- 
greffion of the equinoétial points, feems to 
caufe an irregulär variation in their right 
afcenfions and déclinations, more or lefs, 
according to their diftances from the pole 
of the ecliptic. Whence it may not be 
improper to ihew how thefe may be found, 
as the cofmical, achronical, and heliaca] 
sifings and fettings of the fixed ftars, found 
by the preceding problems, have refpećt 
only to the prêtent age : and the following 
problem, with which I ihall conclude this 
treatife, will ihew the reader how to déter­
miné the ancient place of any fiar agreeable
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to the time of ancient authors, if their au- 
thority may be depended on.

PROBLEM LXXXVI.

Given, the latitude and ancient 
longitude of a fixed Rar :

To find its right afcenfion and dé­
clination.

Elevatethe celeftial globe to 66|degrees, 
bring the pole of the ecliptic into the zénith, 
and there fix the quadrant of altitude; 
apply its graduated edge to the given ftar, 
and it will eut its prefent longitude, either 
on the ecliptic or broad paper circle, which 
in this poiition of the globe coïncide with 
each other : make a mark on the quadrant, 
at the latitude of the given ftar, and remove 
it to its ancient longitude, as found above ; 
then bring the graduated edge of the move- 
able meridian to the mark juft madę upon 
the quadrant of altitude, and fet the center . 
of the artificial fun to that point which will 
then reprefent the ancient place of the given 
flar. That point of the moveable meridian, 
upon which the center of the artificial fun

Z was
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■was placed, is its ancient déclination ; and 
that point of the equator, eut by its gra- 
duated edge, is its ancient right afcenfion.

The globe being thus rećłified to the 
place and preceflion of any particular ftar, 
as given us by ancient authors, the times 
of the year when fuch flar rofe or fet, 
either cofmically, achronically, or heliacally, 
inay be thus obtained by the preceding pro- 
blems, agreeable to the period of the author 
under confideration.

A Table
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A Table of Retroceflion and Automnal Equi­
noxes.

Retroceflion Autiirtnal Equinoies.

Yeârs. 
6000 
5000 
4000 
3000 
2000 
1000

D. H. M. 
45 20 0 
38 4 40 
30 13 20 
22 22 0 
15 6 40 

7 15 20

Days. H. M. 
2191454 4 0 
1826211 19 20 
1460969 10 40 
1095727 2 0 
730484 17 20 
365242 8 40

900 
8OO 
7ÓO 
600
5OO 
4OO 
3OO 
200 
100

621 0 
6 2 40- 
5 8 20 
4 14 0 
3 19 40 
3 1 20 
270 
x 12 40 
0 18 20

328718 3 0 
292193 31 20 
255669 15 40 
2'19145 10 0 
182621 4 20
146096 22 40
109572 17 0
73048 xi 20
36524 5 40

90
80

z° 
00
50
40
30
20
IO

0 16 30 
0 14 40 
0 12 50 
0 IX 0 
0 9 10 
0 7 20 
0 5 30 
0 3 40
0 i 50

32871 19 30 
29219 g 20 
25566 2’3 10 
21914 13 0 
18262 2 50 
143609 16 40
10957 6 30
7304 20 20
3652 io 10

§

7
6

5
4
3
2
i

0 1 39 
0 x 28 
0 x 17 
d 1 6 
Ó- 0 55 
0 0 44 
0 0 33 
d 0 22 
d 0 xi

3287 4 21 
2921 22 32 
2556 16 43 
2191 10 54 
1826 5 5 
1460 23 16 
IO95 17 27 
73° ” 38
365 5 49

Z 2
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A Table of Months.

A Table of Week-Days.

Li
te

ra
l 

Ch
ar

ać
le

rs
.

D
ay

s in
 eac

h 
M

on
th

._
__

__

D
ay

s à
K

al
. Ja

n.

A 31 January 31
D 28 February 59
D 31 March 9°
G 3° April 120
B 3» May »5»
E 30 June 18 t
G 31 July 212
C 31 Auguft 243
F 3° September 273
A 31 Oćłober 3°4
D 30 November 334
F 31 December 365

4 Monday5 T uefday
6 Wednefday
0 Thurfday -i Friday
2 Saturday
3 Sunday
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A Table of the Hor ary Différence in the Men­
tion of the firft Point of Aries, at the Time 
of a Vernal Equinox.

M.
H.

S.
M

m
S.

i M.
1 H.
J

S.
M

m
S.

i 0 9 31 4 42
2 0 18 32 4 5‘
3 0 27 33 5 0
4 0 36 34 5 9
5 0 45 35 5 18

6 0 54 36 5 27
7 I 4 37 5 36
8 I 13 3« 5 45
9 I 22 39 5 54

10 I 31 40 6 3

11 I 40 41 6 12.
12 I 49 42 6 21
>3 I 5« 43 6 3‘
»4 2 6 44 6 40
15 2 16 45 6 49

16 2 25 46 6 5«

'7 2 34 47 7 7
18 2 43 48 7 ■ 16
>9 2 53 49 7 25
20 3 2 50 7 34

21 3 u 5‘ 7 43
22 3 20 52 7 52
23 3 29 53 « 0
24 3 38 54 8 8

25 3 47 55 8 *7

26 3 56 56 8 25
27 4 4 57 8 35
28 4 12 5« 8 45
29 4 22 59 8 55
3° 4 JP___ 60 9 5
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A Table of the Différence of the Paffage of 
the firft Point of Aries over the Meridian, for 
every Day in the Year.

I.
iń January. February. March.

Q H. M. S H. M. S. H. M. S. Q
i 5 10 53 2 58 46 i 9 5Q
2 6 28 54 42 6 7 i

3 2 4 50 39 2 24 2
4 4 57 40 46 37 0 58 41 3
5 53 16 42 36 54 58 4
6 48 53 38 36 51 16 5
7 44 31 34 36 47 34 6
8 40 9 30 37 43 52 7
9 35 47 26 39 40 ii 8

10 31 26 22 42 36 3° 9
XI 27 6 18 45 32 5° 10
12 22 46 U 50 29 10 11
13 18 27 10 55 25 31 12
14 14 9 7 1 21 52 13
r5 9 51 ______3_7_ x8 13 14
16 5 33 i 59 14 14 34 !■ *5
17 i 17 55 22 10 55 16
18 3 57 2 51 32 7 16 17
19 52 47 47 42 3 38 18
20 48 33 43 52 000 19
21 44 19 40 3 23 56 22 20
22 40 6 36 14 52 44 21
23 35 54 32 26 49 6 22

24 34 43 28 39 45 28 23
2_5 27 33 24 52 41 50. _24

26 23 24 21 6 38 12 25
?7 19 15 17 20 34 34 26
28 ’5 7 13 35 3° 50 27
29 ii 0 27 18 28
30 6 54 23 4° 29
31 2 49 20 2 _3£_
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II.

in April. May. 1 June. <n 
Í?

Q
H. M. S. H. M. S. H. M. S.

Q

i 23 i6 24 21 25 12 19 22 28
2 12 46 21 23 18 22 i
3 9 8 17 33 14 16 2

4 5 29 13 43 10 9 3
5 i 50 9 52 6 2 4

6 22 58 ii 6 0 l 55 5
7 54 33 2 8 18 57 48 6
8 50 54 20 58 16 53 40 7
9 47 U 54 23 49 32 8

10 43 35 50 30 45 24 9

ii 39 55 46 35 41 15 10
U 36 J4 42 40 37 6 ii
U 32 33 38 44 3a Sl 12

14 28 52 34 49 28 48 13
15 25 11 3° 51 24 39 14

16 21 30 26 54 20 29 15
17 *7 47 22 56 16 20 16
18 14 4 18 58 12 11 ’7
19 10 21 »4 59 8 i 18
20 6 38 11 0 3 51 19

21 2 54 7 0 17 59 42 20
22 21 59 II 2 59 55 33 21

23 55 26 19 58 59 51 23 22

24 51 41 54 58 47 U 23
25 47 55 50 5i> 43' 4 24

26 44 9 46 53 38 55 1 25
27 40 23 42 50 34 46 j 26
28 36 36 38 46 30 37 27
29 32 48 34 42 26 29 28

30 29 0 30 38 22 20 29
3l 26 33 3°
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III.
T

Q

i
2
3

4 
5

July. Auguft. September. C/J
c?

O

i
2
3
4

H. M. S.
17 18 ii

H 3 
9 56 
•5 48 

i 41

H. M. S.
15 !3 26

9 33
5 41
i 49 

U 57 58

H. M. S.
13 !7 22

13 45
10 8
6 31
2 54

6
7
8
9

10

16 57 34
53 28
49 22
45 17
41 12

54 8
50 18
46 29
42 40
38 52

12 59 17
55 40
52 4
48 28

44 52

5
6
7
8

9

12
»3
i4
i5

37 7
33 2
28 58

24 55
20 52

35 5
31 18
27 32
23 46
20 i

41 i6

37 40
34 4
3° 29
26 54

10
11
12
13
14

16
17
18
19
20

16 49
12 47
8 46
4 45 
0 45

16 16
12 32
8 48
5 5
1 22

23 18
19 43
16 7
12 31
8 56

17
18

J9

21
22
23
24
25

15 56 45 
52 4b 
48 48 
44 49 
40 51

13 57 40
53 58
50 16
46 35
42 55

5 20
i 44

ii 58 8
54 32
50 56

2« 
21 
'22 
23 
24

26
27
28
29
30

36 54
32 57
29 2
25 6
21 12
17 18

39 ł4
35 35
31 55
28 17
24 38
21 0

47 20
43 44
40 7
36 30
32 53

25
26

ll
29
70
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IV.

FINIS.

in
d

Oćtober. | November. December. 40

Q Q
H. M. S. H. M. S. H. M. S.

i u 29 15 9 32 5° 7 28 50
2 25 37 28 55 24 29 i

3 21 59 24 58 20 8 2
4 18 20 21 0 15 47 3
5 14 4.2 17 2 11 25 4

6 " 3 »3 3 7 3 5
7 7 23 9 3 2 40 t>
8 3 43 5 2 6 58 17 7
9 O 2 i 0 53 54 8

10 10 56 21 8 56 57 49 30 9

11 52 4G 52 53 45 6 10
12 48 58 48 49 40 41 11

13 45 16 44 44 36 15 12

14 41 33 40 38 3i 50 13
15 37 50 36 3* 27 24 *4

16 34 6 32 23 22 58 iS
»7 30 21 28 14 18 32 IÖ
iS 26 36 24 5 J4 5 «7
19 22 50 54 9 39 18
20 >9 4 15 44 5 13 ‘9

21 15 17 11 32 0 46 20
22 Ji 29 7 ‘9 5 56 *9 2 t
23 7 40 3 5 51 52 22

24 3 51 7 58 5> 47 25 23
25 0 2 54 36 42 59 24

26 9 56 u 50 20 38 33 25'
27 52 20 46 4 34 6 26
28 48 27 4‘ 47 29 40 27
29 44 34 37 29 25 H 28’
3D 4G 4* 33 >3 20 48 29
3« 36 47 16 23 30
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Mathematical, Philofophical,

AND

Optical INSTRUMENTS.

MADE and SOLD by
I • ; .

GEORGE ADAMS,
Mathematical Inftrument-Maker to the KIN G,

At his Shop the Sign of Tycho Brahe’s 
Head, (N°. 60) in Fleet-ftreet, London.

Where Gentlemen and Ladies may bc iupplied with 
fuch Inftruments as are either Invented or Iinpio- 
ved by himfelf ; and Conftruélcd according to the 
moit perfeâ Theory.

TH E Study of the Mathematicks be- 
ing now become a neceiTary Part of 
every Gentlemans Education, and 

as it contains an inexhauftible Fund of ufe- 
ful Knowledge, wherein the greateft Ge- 
niufes may exert their utmoft Faculties, and 

the



A Catalogue of Instruments.

the meaneft find fomething within his Reach, 
the Theory of it difplays an ample Field, 
and the Praétice of it has always been pro- 
duétive of many great Advantages to Men 
of Aćtion and Bufinefs.

As Mathematical Inftruments are the 
Means by whięh the Sciences of Geo­
metry, Aftronomy, Philofophy, and Opticks, 
have been rendered ufeful in all the com- 
mon and neceffary Occurrencies of human 
Life, they not only enable us to connećt 
Theory with Praćtice, but alfo inftrućt us 
how to turn bare Contemplation into the 
moft fubftantial Ufe, by making one of the 
moft ferviceable Branches of Lcarning the 
natural Way of rendering this Knowledge 
general and diffufive.

Mathematical Inftruments.
z z 

CASES of Drawing Inftruments, 
the Scales and Scćłor either

Wood, Ivory, or Brafs, from iol
6 d. to---------------------------------- 550

Magazine Cafes of Inftruments, from
7/. ys. to----------------------- 26 o o

Silver Cafes of Inftruments, from
2 l. 12 s. 6 d. to--------- --------- - 21 o o

Proportionale Compafles-------------1 11 6
Ditto --------- —- -   —  3 3°

Seftors
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Seétors of a new ConiłruĄion---------  220
Ditto-------------------  440
Ditto ----------------------------------------  660
Ecliptical Compaffes of a new Con-

ftrućtion----------------------------------5 5°
Gunners Calippers-----------------  1 15 o
Gunners Quadrants --------- -, 2 12 6
Perpendiculars for Gunnery --------- 1 11 6
Parallel Rules, two and three Feet

Pocket Rules, Gauging and other
Sliding Rules, Gunter Scales, Sur- 
veying and Navigation Scales, witli 
all other Kind of Scales and Rules, 
at the ufual Prices.

Plane Tables for Surveying Land— 3 13 6 
Ditto of a new Conftruélion, with

a brafs-headed Staff----------------15 o o
Theodolites with plain Sights------ 5 5 0
Ditto with Telefcopic Sights, and

Vertical Arch---------------------- - 12 10 o
Ditto, of the beft Sort----------- ----  21 00
Gunter’s Chains------------------------ • 076
Levels, of the lateft Conftruétion — 770 
Ditto, larger--------------- •--------- 12 12 o
Protraftors, from 2 J. 6 d. to---------  1 10 o
A new Protraéfor for Setting off An­

gles to a Minute-------------------440
A new Plotting Scale with a Nonius

Divifion — ---- ——:----------------- - 440
Pantographers for reducing and en-

larging Plans and Drawings ------■ 5 5 o
Meafuring Wheels----------------------- 660.
Pedometers--------- -—--------- -------  550
Way-Wifers for Wheel-Carriages — 550

___ ... _ .Àftns.
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Aftronomical Quadrants ---------- 12 12
Ditto-------------------- — ■ ' 31 10
Ditto ----------- ----------------- 52 10
Tranfit Inftruments, from 21/. to 31 iq 
Equal Altitude Inftruments, from

21 Z. to------------------------------ 52 10
Aftronomical Seétors, from 50 Z. to 100 o 
Horizontal Sun-Dials, from ior. 6d. 

to----- ----------------------------- 10 10
Univerfal Equinoxial Dials, from 

tor. 6d. to----- ------------ -— 3
Ditto, on a Pedeftal, &c. ----------- - 18 18
Eliptical double Dials, from 5 Z. 51,

t0------------------- --------------------iO
Pocket Horizontal Dials for feveral

Latitudes-----------------------------2
Hadley’s Quadrants----------------- 2
Ditto-------------------------------------— 2
Ditto------------------------------------- 3
Ditto------------------------------------- 4
Hadley’s Sextants ---------- ---------  6
Ditto----------------------- 8
Dr. Knight’s new Steering Compafs 2
---------------- his new Azimuth Com­

pafs —-------------------------------5
Orreries, from 25 Z. to---------------150
A Planetarium, or Manual Orrery 

for the Copernican and Ptolemaie 
Syftem ------ -------------------------- 3

Ditto ---------------------------------------- 8
A new Planetarium —---------------- - j 8
A new Tellurian ---------    36
Adams’s New Globes, 18 Inches Di-
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ameter----------------------------------990
Ditto, jn Mahogany ——----------- * 11 1 r o

Ditto
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Ditto carved frames------------ -— 24 o o
Ditto, in Mahogany and Brais mount-

ing---------------- •------------ — 36 o d
New Globes, 12 Inches Diameter 550 
Ditto, in Mahogany------------------- 6 16 6

Optical Inftrumcnts»

Reflećting Telefcopes, 1 Foot -----  5 5 &
Ditto, 18 Inches-----------------------880
Ditto, 2 Feet--------------------------- 12 12 o
Ditto, on a Rack Stand-------------- 20 o o
Small Rcflefling ditto, 6 Inches — 13 13 6
Ditto, 4 Inches------------------------- 22a
The new Achromatic Refraćłing Te-

lefcope with feven Glafles, two Feet 220 
Ditto, three Feet ----------— 3 3 o
Ditto, four Feet------------------------ 440

and fo on in Proportion for any 
other Length, all other Sorts of 
Refraćłing Telefcopes, at the ulual 
Prices.

The large double Conftrufted Mi-
crofcope-------------------•------------  660

Ditto, in a flat Mahogany Cafe------ 7 7 0
Ditto, of an inferior Sort ——•-----  313 6
Wilfon’s Pocket Microfcope---------220
Ditto------------------------------------------ 12 6
Ellis’s Microfcope--------------- ------- 220
A folar Microfcope------------------- 4 14 6
Ditto----------------------------;--------- 5 15 6
A Microfcopical Apparatus in a Ma­

hogany Box ------—------ -—- 1212 o
all
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ail other Sorts of Microfcopes at 
the ufual Prices.

A Pocket Camera Obfcura ---------- o 10
Ditto --------- ■-----------------------------i i
Ditto, large------------------- -----------  i 5
Ditto, larger ------------------- --—• ■ 2 2
A Book Camera, of a new Conftruc-

tion--------------------------------------- 5 5
A new Inftrument for taking Per-

fpedtive Views---------------------- 6 6
Concave and Convex Mirrors, from

71. 6d. to--------------------------26 a
Prifms, from 7 s. 6 J. to —---------2 2
Zografcopes for viewing Prints,

from 18 J. to -----------------------2 12
Opera Glaflès, from 8r. to ■— ------ 1 1
Reading Glaflès, from 2 s. 6d. to — 3 3 
Spectacles for the Noie------------------1 1
Ditto for the Temples------------------o 3
Ditto ——------------ ■------—------- o 5
Ditto-------------------------------------- o 7
Ditto, in Silver ------  o 14
Ditto, Double Joints which neîther

prefs the Nofe, or Temples ------ o 9
Ditto ------------------- . - — ---------- ■ o 12
Ditto, in Silver--------------------------- 1 1
Speétacles of Brazil Pebbles, in Steel

or Silver, at the ufual Prices.
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Philofophical Inftruments.
Air Pumps, exclufive of any Appa- 

ratus
A fingle Barrel ditto-------------------220

A
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A finall double Barrel ditto ------ 440
A ditto larger--------------------- -----  660
A large Table Air Pump------------ 10 10 o
A large Standing Air Pump ------ 21 00

the Appa'atus to either of thefe 
according to the Defire of the Pur- 
chafer.

Barometers--------------- -------------------220
Ditto, with Thermometers --------- 2 12 6
Ditto ---------------------------------------550
Ditto, with Hygrometers------------ 5 J5 6
A new invented Barometer of a pe-

culiar Make .........................     7 7 o
Diagonal Barometers------------    550
Wheel Barometers----------------------880
Tripple Diagonal Barometers-------16 16 o
Botanick Thermometers------------ o 10 6
Ditto--------------------------------------o 18 o
Farenheit’s Pocket Themometers — 1 1 o
•------------ Thermometers for Brew­

ing, Diftilling, &c.--------------- • in 6
Elećtrical Machines - —------------ 660
Ditto---------- ------------------------- 10 10 o
Hydroftatic Ballances------------------ 2 12 6
Thefe, with all the Variety of Inftruments re-

quired in the Praélice of the feveral Branches 
of the Mathematicks, Philofophy, and Op- 
tics, are Made and Sold as above, at the moft
Reafonable Prices.
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