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TO THE 

S I R 

T is the privilege of real great- 

nefs not to be afraid of dimi¬ 

nution by condefcending to the 

notice of little things j and I there¬ 

fore can boldly folicite the pa¬ 

tronage of Y our Majesty to the 

humble labours by which I have 

endeavoured to improve the inftru- 

ments of fcience, and make the 
«- •• 

globes 
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D,E D I C A T I O N. 

globes on which the earth and Iky 

are delineated lefs defedtive in their 

coriftrudtion, and lefs difficult in 

their ufe. 

Geography is in a peculiar man¬ 

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 interefl than in the imagi- 
tD * 

nary regions of Jupiter and Saturn. 

But Your Majesty mull con¬ 

template the fcientific pidture with 

other fentiments, and conlider, as 

oceans and continents are rolling 

before You, how large a part of 

mankind is now waiting on Your 

determinations, and may receive 

benefits or fuffer evils, as Your 

influence 



D E D ic A T‘i o n; 

influence is extended or with¬ 

drawn. WJBSiifBb aifi 

The provinces which Your M a- 

j e s t y’s arms have added to Your 

dominions, make no inconflderable 

part of the orb allotted to human 

beings. Your power is acknow¬ 

ledged by nations whofe names we 

know not yet how to write, and 

whofe boundaries we cannot yet 

defcribe. But Your Majesty’s 

lenity and beneficence gives us 

reafon to expert the time when 

fcience fhall be advanced by the 

diffufion of happinefs; when the 

defarts of America fhall become 

pervious and fafe, when thofe who 

are now refirained by fear, fhall be 

attradled by reverence, and multi- 

tudes 



DEDICATION, 

tudes who now range the woods 

for prey, and live at the mercy 

of winds and feafons, fhall by the 

paternal care of Your Majesty 

enjoy the plenty of cultivated 

lands, the pleafures of fociety, the 

fecurity of law, and the light of 

Revelation. 
- • * v > ' 

» 

I am, 
• y v * ** • . J % 

SIR, 

Your Majesty’s 

moft humble, 

moft obedient, 
. 6 f ■ K - • <-7* V. * ■ -» .A L • M * »* 

• J1 l . ? • ; 

and moft dutiful 

Subjedt and Servant, 
m \ 

GEORGE ADAMS. 



V 
ADVERTISEMENT. 

being encouraged to offer to the Pub- 

lie a third edition of my Treatise 
on the Globes, I thought myjelf -engaged 

to confider, whether I might not be able, by a 

few additions, to render it more nfeful than 

the former. 

And as fome obfervations on the folar fyflem 

feemed to be wanting^ I have herein endea¬ 

voured to fupply that defied, by prefixing a 

jhort view of it. 
✓ . 

1 have alfo added fome pertinent problems, 
and extended the ufe of the Globes to the Jolu- 

pi on of all cafes in Spherical \Trigonometry. 

which are applied to a variety of afirono- 

mical problems 5 and that thefe additions might 

be more indrudlive and amufing, I have il- 

lufirated them by eleven copper plates. 
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PREFACE. 

HE connedion of aftronomy with 

geography is fo evident, and both 

in conjundion are fo neceffary to a 

learned education, that no man will be 

thought to have deferved ill of the republic 

of letters, who has applied his endeavours 

to throw any new light upon fuch ufefuj. 

fciences. And as the phenomenon of the 

earth and heavens can be adequately illu- 

ftrated only by the mechanical contrivance 

of globes, whatever improvement is made 

in thefe mud deferve regard, in proportion 

as it facilitates the attainment of agronomi¬ 

cal and geographical knowledge. 

As to maps and all projedions of the 

fphere in pla?io, their ufe is more difficult 

than thofe of the globe, of which indeed 

they are only fo many pidures; nor can 

they he thoroughly underhood without more 

fkill 



fkill in geometry than is commonly pot- 

feffed 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 tc> 

a more learned Reader. 

, - , . • 

The globes now offered to the Public, are 

of a conftru&ion new and peculiar they are 

contrived to folve the various phenomena of 

the earth and heavens^ in a more eafy and 

natural manner than any hitherto publifhed^ 

and are fo fufpended that the ftudent may 

elevate the fouth pole; a thing impracticable 

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 geographical and agronomical know¬ 

ledge ; and will afford both inftruCtion and 

amaiement to every unprejudiced enquirer. 

This correfpondence arifes Irom a comparifofl 

of one globe with the other, or of the diftances 

of different places on the earth’s furface* 

with the relative diftances of fuch fixed ftars 

as anfwer to them in the heavens. 



PREFACE. xm 

By thefe fteps of fcience, the mind of 

man may be railed to the contemplation of 

the divine wifdom, which has fo adj ufted 

the proportions of days, months, feafons, and 

years, in the different parts of the terraqueous 

globe, as to have diflributed with an impartial 

hand, though after a manner wonderfully 

various, an equal fhare of the fun’s light to 

every nat on under heaven. 

By thefe globes, with little or no expe¬ 

rience in aftronomy, may be feen how the 

moon changes her place every night, by 

pbierving her pofition with refped to any 

fixed ftar, and how file proceeds regularly 

from it to the eaflward; as the feveral 

planets alfo may be obferved to do, fome 

more flowly than others, as their orbits are 

more or lefs remote from the center of the 

fyftem ; while the regularity of their motions, 

ftridly conformable at all times to the laws 

of their Creator, exhibits a ftriking pattern of 

obedience to every rational fpedator. 
( 

But it will be proper in this place to in¬ 

form the Reader what he is to exped in the 

globes, and in the following treatife intended 

to accompany and explain them* 
* • ■ ■ 

The 
i t ' t*- 

/ 



XiV PREFACE. 

The fuperior accuracy with which the 

plates are drawn and engraved, will, it is 

hoped, appear to competent judges at the 

firft fight; for the perfecting of which no 

expence of time or labour hath been fpared. 

The celeftial globe is improved by the ad¬ 

dition of feveral thoufand ftars more than 

have appeared upon any globe hitherto pub- 

liflied } all the lateft difeoveries in geography 

and aftronomy are in both of them ftriCtly 

followed, and many new lines and circles 

are inferibed, the ufe of which will be fully 

s explained hereafter. 

In the treatife, we have made choice of 

that method of finding the times of equinox, 

which is the moft modern and fimpie; and 

which perhaps gives the trued 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 

6s poflible, I have endeavoured, with all 

the clearnefs I am mafter of, to exprefs 

both my own and the fentiments of other 

•authors on the fame fubjeCt $ and I think 

it 



XV PREFACE. 
> . '• ' , \ ) / * " 

it my duty to acknowledge the afliftance I 

have received in the courfe of this work, as 

well from books, as from fome worthy 

friends; as I would not willingly incur the 

imputation either of plagiarifm, or ingra*^ 

titude. If there fhould appear to be any 

defeds, to which every human work is 

liable, the Reader, I hope, will make fome 

favourable allowance for the undertaker of 

a talk fo complicated and laborious, and 

corred my errors for himfelf, as well as he 

is able, _ , 

N. B. When the Reader is hereafter direded 

to apply a card, or the edge of a card, to any 

part of the globe, it is to be underftood that he 

fhould cut a card of any kind, exadly in the 

fize and fhape of A B C D, fig. 27. for the 

globes of eighteen inches diameter; and of 

the fize and fhape 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 

refpedive globes, the lines A B, or C D, E F, 

and G H, will become radii from the cen¬ 

ter of the globe. It is frequently required to 

know what point upon the firong brafs me¬ 

ridian, or broad paper circle, exadly anfwers 

to a given point upon the globe, and as this 

cannot 
: JV. •* X il 

/ 



PREFACE. xvi 

\ 

cannot be well known by infpedlion, on ac¬ 

count of the neceflary diftance of thefe two 

circles from the furface, if the corner B cr F 

be applied to the given point upon the globe, 

the edge of the card will exactly mark the de¬ 

gree or part of the degree required. 

For elevating the pole exaftly, the card is to 

be laid upon the broad paper circle, and its 

edge applied to the ftrong brafs meridian, by 

which means the degree, and parts of a degree, 
may be afeertained with fufficient accuracy. 
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COMPREHENSIVE VIEW 

OF THE 

SOLAR SYSTEM. 

S&aXSTRONOMY, which is defer- 

A ^ vedly efteemed the moft noble and 

exalted branch of human literature* 

regards, the various phoenpmena of thofe 

heavenly bodies, which the .invention of 

Curious inftruments hath brought within our 

obfervation, from the furface of the ter- 

reftrial globe. 

It difcovefs to us their fituation, magni¬ 
tudes, diftances, and motions; and enables 
us to determine with precilion the length 
of years, months; and days, and to account 
for the viciffitudes of the feafons; and, in 

& word, explains whatever falls within our 

B con- 
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confideration, as the proper fubjedt of this 

ufeful and interefting ftudy. 

The Solar Syftem 

*.t -r -y - -j ■- , ■> r jT' 

1. Confifts of the fun, (from which it 

receives its denomination,) fix primary, 

ten fecondary planets, and the comets. 

Thefe, with that collection of innumerable 

fpherical bodies which compofe the univerfe, 

are called the lyftem of the world 5 all 

which appear to the inhabitants of the earth 

as if they were within one and the fame con¬ 

cave fphere. 

2. The Copernican, or folar, fyftem fup- 

pofes the fun in the center, having a motion 

round its axis, which is completed in about 

25i days. This motion was difcovered by 

the revolution of thofe fpots, which, are 

frequently feen in its difc, and are fuppofed 

to adhere to its furface > and its axis is in¬ 

clined to the plane of the ecliptic in an angle 

of about 87\ degrees. 

3. The fix primary planets move round 

the fun in their refpedlive elliptical orbits, 

from weft to eaft, at different diftances, and 

in 

/ 
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in various periodical times. Their names 

and characters, in the order in which they 

revolve about the fun, are expreflfed in fig. 23 

and are as follows: 
* 

Mercury, Venus* The Earth, Mars, Jupiter, Saturn. 

3 ;g © d y- 

4. The planets are diftinguifiied from 

the fixed ftars* by their motion, and the 

fteadinefs of their light. The apparent dia¬ 

meter of the fixed ftars is fo fmall, by rea- 

fon of their immenfe difiance, that every 

fmall atom floating in our atmofphere in¬ 

tercepts their light, and caufes them to 

twinkle. But that of the planets being 

greater, as they are nearer to us, they ftfine 

with a fteady light* 

5. The fixed ftars keep their places and 

diftances with refped: to each other, but the 

planets change theirs* from one part of the 

heavens to another. 

6. Some of the primary planets are at¬ 

tended with fmaller, called fecondary pla¬ 

nets, moons, or fatellites. Our earth is at¬ 

tended by the moon ; Jupiter by four, and 

Saturn by five fatellites; the nine laft are not 

vifible without the affiftance of a telefcope. 

B z 7. The 
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7. The obfervation of comets, feen fomc- 

times within the limits of the folar fyftem, 

hath been hitherto fo imperfedt, that we 
ihall 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 fun: they move in various 
directions and inclinations; the lower part 

of one of thefe orbits is reprefen ted in fig. 2. 
As the fun has a number of planets and 

comets moving round him, fo every fixed 

ftar is fuppofed to be a fun, and to have a 

fyftem of its own. 

The orbits of the planets. 

8. The path defcribed 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 defcribe are elliptical, and the fun is 

in one of the foci. In fig. 3.. A T P V is 

an ellipfe, A P its tranfverfe, V T its con¬ 

jugate diameter, S and N are its two foci, 
C is the centre of the ellipfe; the diftance 

between C S or C N is called the eccen¬ 
tricity. 

9. The 
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9. The orbit of every planet is in a plane 

pafiing through the fun, which planes are 

inclined to one another: thus in fig. 4, let 

ABCD reprefent the earth’s orbit, or plane 

of the ecliptic ; this is taken for a ftandard, 

from which the inclination of each orbit of 

the planets, as EDFB, is meafured. The 

inclination of the orbit or Mercury is 6°, 

52', that of Venus 30, 33of Mars i°, 52', 

of Jupiter i°, 20', and of Saturn 20, 30k 

10. To a fpedlator from the fun, the 

planes of the orbit of each planet produced 

to the fixed ftars would mark, in the ce~ 

leftial lphere, their feveral inclined helio¬ 

centric orbits ; their paflage through thefe 

is their heliocentric motion. Thefe. extends 

ed planes, to a fpedlator on the earth, mark 

put in the ftarry fphere their geocentric 

orbits; and their apparent motion through 

thefe, is called their geocentric motion. 

11. The latitude of a planet feen from 

the earth, is called its geocentric, if feen 

from the fun, its heliocentric, latitude. 

The nodes of a planet’s orbit 

12. Are two points in which it inter- 

fedts the plane of the ecliptic* In fig*. 4. 

B 3 ABCD 
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A BCD Is the plane of the ecliptic; EBFD 

is the orbit of a planet, in which the points 
B and D are the two nodes. B the afcend- 
ing, D the defcending node; the point E 

is called its greateft northern, and F its 

greateft fouthern limit, 
13. The line of the nodes is a line B D 

drawn through the fun from one node to 
the other. 

A planet, feen from the earth, never ap¬ 

pears in the ecliptic, but when it is in one 
of its nodes: in all other parts of its orbit it 

has geocentric latitude. 

The inferior planets 

14. Are Mercury, and Venus; they are 

called inferior, becaufe their orbits are in¬ 

cluded within that of the earth fee fig. 2. 

Mercury 
. i 1 * * * • 

15. Moves round the fun in 8yd. 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 have yet been obferved in Mercury y 

there- 

1 
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therefore it is not certainly known whether 

he turns about his axis or not; but it is 
moft probable that he does. 

Venus 

16. Performs her revolution round the 

fun in 224 d. 16 h. 49 m. which is called 
her periodical time*; her mean diftance is 

724, and her eccentricity 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 earth, or 
of any planet from the fun, is called its aphe¬ 

lion, or higher apfis; its leaft diftance is 

called the perihelion, or lower apfis. Thus 

in %• 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 

apfides; the extreme points of its fhorteft 

diameter T V, are the places of its mean 

diftance from the fun; and ST, or SV> 

the line of its mean diftance. 

18. A planet is faid to be in conjunction 
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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places it is faid to be in oppofition, when 
the earth is between the fun and planet. 

The elongation of a planet 

19. Is its apparent diftance from the fun, 

as feen from the earth. A planet has no 

elongation when in conjunction with the 

fun; in pppofition, it has 180 degrees. In 

fig. 5. tTt reprefents a part of the earths 

orbit; T the earth, S the fun; ACE an 
arch of the ftarry fphere, and d the place 

of Venus in her orbit. A fpeCtator 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 CTD 

is the apparent diftance between the fun and 

Venus, and is called the angle of elonga- 
• i v ‘ * <; 1 - 

lion. 

20. An inferior planet may be in con¬ 

junction with the fun in two lituations; 

1. when it is between the earth and the 

fun, called the inferior conjunction; 2. when 

the fun is between the earth and planet, 

called its fuperior conjunction; but it can 
never be in oppofition to the fun. 

2 x. The greateft elongation of an inferior 

planet is when a line T E, drawn from the 

earth 
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earth at T, through the planet at e, is a 

tangent to the orbit of the planet. 

22. As an inferior planet moves from its 

greateft elongation at a, fig. 5. through c, 

its fuperior conjunction, to e, its greateft 

elongation on the other fide of the fun, its 
geocentric motion is direCt. 

/ 

23. When the earth is at T, Venus at a, 

a fpe&ator 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 conjunction, and feen 

among the ftars at C; at d, it appears among 

the ftars at D 5 and when it arrives at e, it 

appears among thofe at E. In this motion, 

Venus appears to defcribe the arc ABCDE, 

in the concave fphere of the heavens: and 

as thefe letters are in the fame direction with 
a b c d e, which exprefs the planets motion 

round the fun, its apparent motion feen 

from the earth is therefore direft, from 

weft to eaft, or according to the order of 

the figns. 

24. An inferior planet paffing from e, its 

greateft elongation, through f, its inferior 

conjunction, to a, its greateft elongation on 
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, fhe 

appears in the line T n d D, and is feen 

among the ftars at D; when fhe comes to f, 

her inferior conjunction, fhe appears amongft 

the ftars at C; at m, fhe is feen in the con¬ 

cave fphere at B; and when fhe is at a, in 

her own orbit, fhe appears at A, in the hea¬ 

vens. Hence, as the planet paffed through 

e n f m a, in its natural motion, its apparent 
motion was backwards through EDCBA, 

or contrary to the order of the figns. 

25. When the inferior planets are at their 

greateft elongation, they appear ftationary, 

or continue in the fame place for fome 

time, before their motion changes from 

diredt to retrograde, or from retrograde to 

diredt again. 
The time of the retrogreffion of Venus 

is about 40 days 5 of Mercury, 18 days. 

26. In order to have a clear idea of the 
* w 

apparent motion of a planet, conceive the 
lines T a A, T b B, &c. to move with the 

earth; fo that the points e n f m a, whilft 

the earth performs its revolution, may run 
through the orbit of the planet, 

~ ’ 27.The 
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27. The inclination of the orbits of the 
planets to the plane of the ecliptic, is the 

caufe, why they do not feem to move in the 

ecliptic line, but are fometimes above, and 
at others below .it. In fig. 6. let N V N 

be a circle in the plane of T t the ecliptic, 

and NAN, the planet’s inclined orbit, S 

the fun, the earth at T, and the planet at 

A \ if the fhort line V A be imagined per¬ 

pendicular to the plane of the ecliptic, and 

to pafs through the planet at A, the angle 

VTA, is the latitude of the planet, which 

is called the geocentric latitude, to diftin- 

guifh it from the heliocentric latitude, as 

feen from the fun, which is reprefented by 
the angle A S V. 

28. When a planet is in the node at N, 
* « I 

it appears in the ecliptic line; as it recedes 
from thence its latitude increafes j 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, than 

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 elongation can never 

" - - be 
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be a right angle ; therefore they never ap-r 

pear far from the fun; for Venus and Mer¬ 
cury are only feen in an evening towards 
the weft, foon after fun-fet, or a little be-* 

fore the fun rifes in the morning. The 

greateft elongation of Mercury is 3 3 degrees, 

and of Venus 48 degrees. 

30. As Venus moves from her fuperior 

to her inferior conjunction, the fets after 
the fun, and is called the evening-ftar; 

and as the is moving from her inferior to 
her fuperior conjunction, flie rifes before the 

fun, and is called the morning-ftar. 

34. The fun, being larger than any 
planet, enlightens a little more than an 

hemifpherej 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 vifible to us, when 

in their inferior conjunction, but their whole 

difc is illuminated in their fuperior con¬ 

junction : and when they are in one of their 
nodes, they appear on the difc of the fun 

like a black fpot 5 and this is called a tranlit 

of the planet acrofs the dilc 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 eaft, and the 

fun fets before, and to the weftward of 

her. When fhe is a morning-ftar, her horns 

are turned towards the weft, and the fun 

rifes after, or to the eaft of her; in both 

cafes, the horns are always turned from the 

fun. When fhe is at her greateft elongation, 

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 conjunction, 

fhe appears horned, and between her great- 

eft elongation and fuperior conjunction, her 

appearance is gibbous. 

33. What has been faid of the planet 

Venus, is alfo true with refpeCt to Mer¬ 

cury, with this difference, that he is direCt, 

ftationary, &c. fo much more frequently, 

as his revolutions round the fun are per** 

formed in a ftiorter fpace of time. 
* ' L ) 

The earth. 

34. The apparent motion of the fun, 
arifmg 
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arifing from the earth’s annual motion in 

its orbit, is as follows: In fig. 7. S repre- 

fents the fun, T, the earth in its orbit T t, 

and RQ^the concave fphere of the fixed 

ftars. Whilft the earth is moving in its orbit 

from T to t, the fun fee ms to move thro’ 

the ftarry arch from Qj:o R, which mea- 

fures the angle R S Q, equal to the angle 

T S t, fo that the celerity of the apparent 

motion of the fun depends upon the ce¬ 

lerity of the angular motion of the earth, 

with refpedt to the center of the fun. In 

a whole revolution 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 degrees to the 

plane of the earth’s orbit, or the ecliptic, 

and keeps continually parallel to itfelf in 

every part of its revolution. 

In fig. 8. S reprefents the fun, ABCD 

the orbit of the earth; 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. Y S ^ re- 

prefents the equino&ial colure, ^ S vs, the 

folftitial colure; the circle in each, abed, 

reprefents the earth in the four cardinal 

points of its orbit; in which d c feparates 

the enlightened part c b d of the earth’s 

dife, from d a c, the obfeure part of it. 

The plane of the earth’s annual orbit, 

A B C D, extended every way to the fphere 

of the fixed ftars, would deferibe the ce- 
leftial ecliptic, which would coincide with 

the. terreftrial ecliptic, here reprefented by 
each of the circles abed; in which e is 

the pole of the ecliptic, P the pole of the 

world, or of the equator: in all thefe pro¬ 

jections, x is the equator, t the tropic of 

Cancer, L the path or vertex of London; 

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 one 
half of the earth’s globe at the fame time, 

the line d c, that divides the illuminated 

from the obfeure part of the earth’s dife, is 
called the edge of the dife. 

Pa, 
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P a, P d, P b, Pc, reprefent fo much of 

the earth’s axis as falls within thefe pro¬ 

jections ; thefe may be called the line of 

direction of the earth s axis, which is con- 

ftantly carried round the annual orbit, al¬ 

ways parallel to itfelf. 

3 7. The inclination of the earth’s axis 

will be better underftood by obferving 

fig. 9. in which ABCD 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 weft 

to eaft. P C E fhews 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¬ 

posite 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 19th of March; 

at which times of the year the edge of the 

enlightened hemifphere is parallel to the fol- 

ftitial colure, fig. 8. and paffes thro’ the two 

poles 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 moved 

from & Libra to vs Capricorn, its line of 

diredtion 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 

revolution; at which time their inhabitants 

fbe 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 fkim quite round their 

horizon at its firft appearance; every other 

C parallel 
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parallel iriterfe&s 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 hemifphere, will have fix 

months continual day; but while the earth 

pafles from Aries through Cancer to Libra, 

the north pole will be in the obfcure part, 

and have continual night; the fouth pole of 

the globe at the fame time enjoying con¬ 

tinual 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 5 for 

the nocturnal 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 
k 

1 
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Our fummer is nearly eight days 

longer than the winter* 

41. By fummer, is meant the time in • 

ivhich the earth is moving in her orbit from 

the vernal to the autumnal equinox; and 

by winter, the time in which it is pafiing 

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 interfe£ts the 

equator ait the points marked Y and si. Iii 

Our fummer,' the fun’s apparent motion is 

through the fix northern, and in winter 

through the fix fouthern figns; yet the fmi 

is 186 d. 11 h. 51 m. in pafiing thro’ the 

fix firft, and only 178 d. 17 h. 58 m. in 

pafiing through the fix laft. Their diflferetice 

yd. lyh. 53 m. is the length of time by 

which our fummer exceeds the winter. 

42. In fig. 16. A BCD reprefents the 

Earth’s orbit; S the fun in one of its foci i 

when the earth is at B, the fun appears at 

H in the firfi 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 ft it £3 m to ^ at F. When the 

C z earth 
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earth is at D, the fun appears at F in the 

firft point of Libra; and as the earth moves 

from D thro" A to B, the fan appears to run 

thro’ the fix fouthern figns, & / VS -w k 

to Aries at H. Hence the line F H, drawn 

from the firft point of r, through the fun 

at S, to the firft point of divides the 

ecliptic into two equal parts; but the fame 

line divides the earth’s eliptical orbit ABCD 

into two unequal parts, (the fun not being 

in the center, but in one of the foci cf this 

orbit; ) the greater part BCD, is that 

which the earth defcribes in fummer, whifft 

the fun appears in the northern figns; the 

lefier part is D A B, which the earth de¬ 

fcribes in winter, whilft the fun appears in 

the fouthern figns. C the earth’s aphelion, 

where it moves the flowed, is in the greater 

part; A its perihelion, is in the lefler 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 nearer to the fun, when in 

its perihelion at A in winter, than it is in 

the dimmer, when in its aphelion at C; 
which is its greateft diftance. The fan’s 

apparent 
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apparent diameter in winter is 32 min. 47 

fee. in fummer 31 min. 40 fee. 

If the mean diflance of the earth from 

the fun be called 1000, its eccentricity will 

be 17; its greateft diftance 1017, and its 

lead: didance 983, 
* • <■ - » '• '•* r v \ 1 ■'•.■It 

The fuperior planets. 

44. The apparent motions of the fupfcnof 

planets agree in many refpedts with thofe 

of the inferior ones, which have been al¬ 

ready explained. 

Mars, Jupiter, and Saturn, 

Are called fuperior planets. See fig. 2. 

45. If the mean diftance of the earth 

from the fun be called iooo, the mean 

diftance of Mars 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 the fun, than 

when it is in conjundtion with him. Mars 

appears gibbous, when it is in quadrature, 

but full and round in conjundtion or oppo* 

iition, ' 

' c 3 46.Ja- 
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46. Jupjter is the largeft of all the planet^ 

fee fig, 13. he revolves in qh. 56m. about 

his axis, which is nearly at right angles to 

the plane of his orbit, in which he moves 

about the fun in fomevyhat lefs than 12 
years, or 4332 days 12 hours. His mean 

diftance from the fun is 5201, and eccen¬ 

tricity 250. Several fpots have been feen 

on Jupiter’s furface, which appears to be 

furrounded by feveral belts, or girdles, pa¬ 
rallel to his equator: thefe vary in breadth 

and diftance from one another. See fig. 13. 

47. Saturn is the fartheft of all the planets 

from the fun; his mean diftance is 9538, 

eccentricity 547; he is 29! 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 attended with a broad thin ring, as repre- 
fented in fig. 12. The edge of this ring re¬ 
flects little or none of the funs light to us: 
the planes of it refled the light of the fun 

in the fame manner 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 diameter of 

Saturn to be 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 

plane of the ring be produced to the fphere 

of the fixed ftars, it will cut Saturn's helio¬ 

centric orbit in two oppofite points, called the 

nodes of the ring. As Saturn paffes from the 

afeending to the defeending node of his ring, 
the northern fide of the plane of the ring 

is turned towards the fun; as it moves from 
the defeending to the afeending node of the 

ring, the fouthern fide of its plane is to¬ 

wards the fun. When Saturn's ring appears 

elliptical, as in fig. 12. the parts about its 

longeft axis reaching beyond the planet’s 

fiifc, are called anfee, which a little before 

and after the difappearance of the ring, are 

unequal in magnitude. When Saturn is irk 

the heliocentric place of either of the nodes 

of his ring, its plane produced pafies thro? 

the fun, and then the ring becomes invlflbje 

to us. 
The 

j • * c 4. 
* 
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The fuperior planets are fometimes in 
conjundion with the fun, fometimes in qua- 

drature, $nd fometimes in oppoiition. 

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 earths 

orbit, the fuperior planet appears ftationary. 

If the earth be at a or g, fig. 1 o. or 11. and 
the planet at II g, and I a, are tangents to 

the earth’s orbit; in which places the planet 

feems to {land {till, or to have no geocen¬ 

tric motion. 
50. When a fuperior planet, fig. 10. is 

moving from one of its apparent ftations A, 

through its conjundion D to G, its geocen¬ 
tric motion is dired. 

Fig. 10. 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 

conjundion D, to its other ftation G ; whence 

its apparent motion feen from the earth is 

dired, or in confequentia, which is from 

weft to eaft, according to the order of the 
figns. 

51. Obferve in fig. jp. 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 fphere ADG, 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 A B C D E F G, will be that which the 

planet appears to defcribe; and therefore 

the order of the letters exprefles its motion 

in confequentia. 

52. When a fuperior planet is paffing 

from one ftation to the other thro’ the oppo- 

fition, its geocentric motion is retrograde. 

As the earth is paffing from g, fig. 11, 

through k to a, the planet at I appears to 

move from G, through K its oppofition, to 

A 5 in this cafe, the apparent motion of the 

planet at I, feen from the earth, is retro¬ 

grade, or in antecedent!a, that is, from eaft 
to weft, or contrary to the order of the 

figns. If the end g of the line g I G, fig. 11. 

attends the earth through g m 1 k n h a, and 

the middle of this line turns round upon 

the planet at I, the other end G will de- 

fcribe the arch G M L K N H A, which is 

contrary to the order of the letters in fig. 10. 

and therefore retrograde. 

53-The 
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53. The time of the retrogreffion of Mara 

is about 3 months; of Jupiter, 4 months; 
and of Saturn, 4^ months. 

The planets viewed through a telefcope 

are dripped 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 flars, 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 turi} 

much the greatefl part of their illuminated 

hemifphere towards the earth, and therefore 

appear at all times round, or full, except 
only Mars, which in the quadratures is a 

little gibbous. 

The fecondary planets. . / 

5$. Three of the primary planets, viz. 
the Earth, Jupiter, and Saturn, in their 
revolutions round the fun, are attended with 

Jefler planets, which move round each of 

their 
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their refpeftive primaries, according to the 

prder of the figns. s 

The Moon 
» 1 ■ / • 

56. Moves round the earth in an orbit, 

whofe femidiameter is about 6o| femidiame- 

ters of the earth ; its eccentricity 3! of the 

earth's femidiameters, the plane of the 

earth's orbit, produced to cut the plane of 
the ecliptic, makes an angle with it of about 

5! degrees. The points wherein it interfeds 

the ecliptic, are called the moon's nodes; 
thefe nodes have a flow regreffive motion 

of 190, 19', 43/;, in a year, which carries 
them round the ecliptic, contrary to the or¬ 

der of the figns, in 18 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 defcribes round the earth is ellip¬ 

tical, the earth being in one of its foci; 

and when the moon is at her greateft dis¬ 

tance from the earth, or in her higher apfis, 

fhe is faid to be in apogceo; and when in 

her lower apfis, or leaft diftance, in perigao. 

57. When 

1 
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57. When the moon is at A, fig. 14. 

in conjun&ion with the fun at S, and the 

earth at T, it is called New Moon ; and 
when in oppofition at E, it is called Full 

Moon. The fyzigies of the moon is a 

common term to exprefs both its conjunq-? 

tion and oppofition. 

58. The moon’s afcending node is called 
the Dragon’s Head, and is thus marked •, 

its defcending node the Dragon’s Tail u. 

59. A periodical month contains 27 d. 

7 h. 43 m. in which time the moon de- 

fqribes her orbit; a fynodical month con-* 

tains 29 d. 12 h. 43 m. 3 fee. which is the 
time that paffes between one new or full 
moon, and the next of the fame name 

which fucceeds it; this is longer than a 
periodical month about 2 days 5 hours. 

60. In fig. 15. S reprefents the fun, AB 

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 M L of the fame orbit, when 

the earth is removed to D. Whiift the earth 
is at C, and the moon at L, in conjunction 

with the fun, as the earth moves from 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 

conjunction y therefore the periodical month 

is completed before the fynodical, and be¬ 

fore the moon can come into conjunction 

with the fun. When the earth is at D, 

flie mu ft move from 1 to e, in the diameter 

g e; whence, befides going round her or¬ 

bit, fhe muft defcribe the arc 1 e, confe- 

quently the fynodical is longer than the 

periodical month by the quantity of the 

arc 1 e. 

61. We do not fee the moon at the con¬ 

junction, but at the oppoiition her whole 
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. If the moon is at A, it 

will be on the fame fide of the earth with 

the fun, or in conjunction; 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 fame hemifphere 

upon which the fun fhines, therefore hef 

whole difc towards us will be enlightened,’ 

or the moon will be full. 

63^ Fig. 14* The moon’s difc is half 
enlightened when (he 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 conjunction 

at A, and either of the quadratures G or 

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 

1 the moon is at A, it is new; as flie moves 

from A to C* it is faid to be in the firft 

quarter j from C to E, in the fecond quar¬ 
ter ; from thence to G, in the third quar¬ 

ter 5 and from G to A again, in the laft 

quarter. 

After the new moon, her horns are 
turned towards the eaft, and before new 
moon towards the weft 5 and when fhe is 

horned, that part of her difc upon which 

the 

» 
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the fun does not fhine, has yet light enough 

to make it faintly vifible. 

The fame 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 afliftance of a te- 

lefcope* either in the firft or laft quarter. 

The fatellites of Jupiter and Saturn* 

64. The diftance of Jupiter’s innermoft 

fatellite from his center is 5.667 femidia-^ 
meters of the planet 5 the fecond, 9.017$ 

the third, 14.384$ and the fourth* 25.299 

femidiameters. 

The periodical time of Jupiter’s firft 
fatellite is id. 18 h, 27 m. 34 fee. The 

fecond is 3d. 13 h. 13 m. 42 fee. The 

third is 7 d. 3 h. 42 m. 36 fee. And the 

fourth is 16 d. 16 h. 32 m. 9 fee. 

65. The plane 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 
exactly* in the fame plane $ which produced 

makes an angle with the orbit of Jupiter 
of about 3 degrees $ the fecond deviates a 

little from the reft. 
66. A 
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66. A fatellite in one of its nodes appears 

in the orbit of its primary: in all other 

parts of its orbit it has latitude. 
If the plane of any circle produced pafles 

through the eye, it appears to be a ftraight 

line; confequently every circle, viewed ob¬ 

liquely, will appear elliptical; fo that 

When a fatellite is in its node, at the 

fame time that its primary’s heliocentric 

place is in the fame degree of the ecliptic 

with it, and the earth in its geocentric node* 

at that time the orbit of the fatellite appears 

a ftraight line. When the primary is in any 

other part of his orbit, the fateliite’s orbit 

will appear an ellipfis, whofe fhorteft axis 
increafes in proportion as the primary is 
farther diftant from the fatellite’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 (he may 

happen to be, when either of thefe planets 

are in the nodes of their fatellites, thefe laft 

will appear to defcribe lines very nearly 

ftraight. 
67. When a fatellite is in that femicircle 

which is fartheft from the earth, its geo¬ 
centric motion is diredt $ when it is in that 

neareft 
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beared to the earthy its geocentric motion is 

retrograde. 

Any fatellite is at its greateft elongation 
from its primary, when a line, fuppofed to 

be drawn from the earth through the fatel¬ 

lite, is a tangent to the fatellite’s orbit. 

In fig. 17. B a C reprefents a part of 
Jupiter s orbit, NALM the earth's orbit, 

S the fun, D G F H the orbit of Jupiter's 

outermoft fatellite. When the earth is at 

A, and the fatellite at E or D, in the 

tangent line AE or A D, then this fatellite, 

feen from the earth at A, will appear at a 

greater difiance from the primary, than it 

can do in any other fituatioh. 

68. Every fatellite appears in conjunction 
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 conjunction. 

The apparent motion of any fatellite is 
direCt, as it pafles from D, fig. 17. its greateft 

elongation, through P, its fuperior con¬ 

junction, to E, its greateft elongation on the 

other fide; its geocentric motion feen from 
the earth at A, being then from weft 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 pafies from E, its greateft 

elongation on one fide of its primary, thro’ 

H, the inferior conjunction, to D, its greateft 

elongation on the other fide ; it is therefore 

plain, that its motion feen from the earth 

at A, is from eaft to weft, in antecedenta, 

or contrary to the order of the figns, 

69. The fafcellites are feen fometimes to 

the weft, and fometimes to the eaft of their 

refpeCtive primaries: they cannot be feen 

in their fuperior conjunction, and are fel- 

dom diftinguifhed from their primary in 

their inferior conjunction. 

70. The diftance of Saturn’s innermoft 

fatellite from the center of the primary, is 

I, 93 femidiameters of the ring, the fecond 

2,47, the third 3,47, the fourth 8,00, and 

the diftance of the fifth 23,45 femidiameters 

of the ring. 

The periodical time of Saturn’s inner¬ 

moft fatellite is id. 21 h. j8m* 27 fee* 

The fecond, 2d. 17 h. 41m. 22 fee. The 

third, 4 d. 12 b. 25 m. 12 fee. The fourth, 

15 d. 22 h. 41 m. 14 fee. And the fifth 

fatellite’s 
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fatellite’s periodical time is 79 d. 7 hd 

48 m. * 

71. The fatellites of Jupiter and Saturn 
caft a fhadow upon their primary, which 

may be feen to pafs over the difc of the 

planet like a fpotj they alfo frequently fall 

into the flhadow of their primaries, and are 

eclipfed j 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. 

Thq parallax of the heavenly bodies 

73 . Is the change of their apparent places, 

when viewed from different flations. 
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 have no diur¬ 

nal parallax, the moon a confiderable one 2 

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. IAK reprefents the earthy 
T its center,/ A B the fenfibie, T L the 

real horizon of a fpedator upon the earth 

at A, M the moon, S the fun, both in the 
fenfible horizon: if feen from Ay they will 

appear in the horizon at Bj but if feen 
from T, the center of the earth, they will 

appear amongft the fixed ftars at C and D; 

that is, the moon would appear in the line 

TMD, and the fun in the line T S C: 

thefe are called their true places; the arch 

B C is called the funs parallax, and B D 
that of the moon. The angles B S C, and 

B M D, are called the parailadic angles, 

which are refpedively equal to the angles 

AST, and AMTj under which, AT, a 
iemidiameter of the earth palling thro’ A, 

the place of the fpedator, 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 elevated above 
the horizon, the kfs is its parallax* and 

when it is diredly over the head of the 

fpedator at it will have no parallax at 

all l 
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all; its apparent place in the heavens being 

Z, whether it be feen from A or T. It is 

pbfervable, that the apparent place G, of a 

planet at E, feen from the earth at A, is 

always lower or farther from the zenith Z, 

than F, its true place feen from T, except 

when the planet is vertical, or at H; fo that 

the horizontal parallax is greatefl of all. 

76. The diurnal parallax of a planet in 

a vertical circle caufes one of right afcen- 

fion and declination, unlefs it he on the 

meridian, when there is only a parallax of 

declination : it alfo caufes a parallax of lon¬ 

gitude and latitude, unlefs the vertical circle 

is a fecondary of the ecliptic. 

In fig. 18. WL reprefents the horizon, 

V T an arch of the equator, cutting the 

horizon at T TP the axis of the world, 

and P the celeftiai pole, Z the zenith, Z X 

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 R Y is its parallax. P R O is 

a fecondary of the equator,^ pafiing through 

the planet, and P Y (^another fecondary, 

pafiing through its apparent place at ,Y > 

D 3 whence 
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whence its declination, feen from the cen¬ 

ter, is OR, and from the furface Q^Y; 

the difference N Y, between QJf and Q_N, 

is the parallax of declination. When the 

planet is at R, the fecondary PRO, paifes 

through the point O of its right afcenfion 

upon the equator, but the fecondary P Y 

paffes thro’ Y, the planet’s apparent place, 

and QJts right afcenfion upon the equator ; 

whence the parallax R Y, makes a diffe¬ 

rence, or parallax, Qjp, in right afcen¬ 

fion. 

77, If a, be the apparent place of a planet 

upon the meridian Z V W, 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 Z W to the horizon; 

but this fame circle is alfo a fecondary to 

the equator, whence there can be no pa¬ 

rallax of right afcenfion. 

Now fuppofe P the pole of V T, which 

is now called 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 paffing 

through the planet, when feen at R from 

the furface of the earth; P Y another 

fecondary, 
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fecondary, palling through it, if it could 

be viewed from the earth's center, fo as to 

appear at Y ; when at R, its latitude is RO, 

when at Y, its latitude is QJY, the differ 

lcnce N Y, is the parallax of latitude. 

78. When the planet appears at R in PRO, 

the fecondary of the ecliptic, the point O 

is its longitude from the fir if point of Aries; 

but wnen at Y in the iecondary P Y 

QJs the point ol its longitude; whence 

the difference QjQ is tne parallax of lon¬ 

gitude. 

But ii the planet be in a vertical circle 

Z W, which paffes through P, the pole of 

the ecliptic, it can only have a parallax of 

latitude, and none of longitude. Let a b 

be the parallax of latitude; whence from 

either ftation, a b will be its parallax of lati¬ 

tude ; and as there can pals 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. 

D 4 The 
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The refradtion of the atmofphere. 
,: ‘ - t r i i . * • 

79. If a ray of light enters a tranfparent 

medium obliquely, it does not pafs flraight 

on, but is bent at the point at which it en¬ 

ters: this bending is called refradtion. 

In fig. 19. A C reprefents the furface of 

the earth, T its center, BP a part of the 

atmofphere, H E K the fphere of the fixed 

ftars, A F the fenfible horizon, G a planet, 

G D a ray of light proceeding from G to 

D, where it enters our atmofphere, and is 

refradted towards the line D T, which is 

perpendicular to the furface of the atmo¬ 

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 
; ■. * •. \ r j 

to defcribe a curve, as D A, and to enter a 

' fpedtator s eye at A, as if it came from E, 

a point above G. And as an objedt always 

appears in that line in which it enters the 

eye, the planet will appear at E, higher 

than its true place, and frequently above 

the horizon A F, when its true place is 

below it at G. 

The 
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The greatefl refra&ion is when the planet, 

&cc. is feen in the horizon, being 33 min. 

When its altitude is 20 deg. the refraction 

is 2 m. 14 fee : at 40 deg. of altitude it is 

58 fee: at 60 deg. of altitude it is 29 fee. 

and fo becomes infenfible, as the altitude 

increafes. 
i ' t, • 

Solar and lunar eclipfes. 

So. An eclipfe is a deficiency of light in 

the heavenly bodies. In an eclipfe of the fun, 

its light is intercepted from the fight of the 

inhabitants of any part of the earth, by the 

moon pafling between them and the fun; 

and as its dife is either partly, or wholly 

covered, it is called a partial or total eclipfe. 

An eclipfe of the moon is caufed by her 

pafling through the fliadow of the earth, 

whereby flie 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 Full Moon: In the firfl; cafe, the New 

Moon muff be within 18 degrees, in the 

laft, the Full Moon within 12 degrees, of 

one of her nodes. 

Thefe 

I 
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Thefe luminaries are not eclipfed every 

New and Fuil Moon, becaule the moon’s 

motion is not in the plane of the ecliptic, 

in which tne fun and earth always are. 

Hence the moon’s latitude is oftentimes fo 

much increafed at the time of the New 

Moon, that her fhadow does not touch the 

earth; and at the time of Full Moon, (he 

as frequently pafles by the earth’s fhadow 

without entering into it: but when the 

moon’s latitude is inconfiderable, ^which 

only happens when fhe is within the limits 

above mentioned, fhe then appears either 

in or near the ecliptic. 

Let H G, fig. 20. reprefent the path of 

the moon E F, the plane of the ecliptic, 

in which the center of the earth’s fhadow 

always moves; N, the node of the moon’s 

orbit; A, B, C, D, reprefents four places 

of the earth’s fhadow in the ecliptic : when 

her fhadow is at A, and the moon pafling 

by at I, fhe will not enter into the fhadow; 

but when the Full Moon is nearer to the 

node at K, only part of her globe pafles 

through the fhadow B, and that part be¬ 

comes dark: this is called a partial eclipfe. 

When the Full Moon is at M, fhe enters 

into 
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into the fhadow C; in palling through 

it, flie becomes wholly darkened at L, and 

leaves the fhadow at O. This is called a 

total eclipfe: and when the moon’s center 

paffes through that of the fhadow, which 

can only happen at the very time fhe is 

in the node at N, it is called a central 
. * '*• v .. 3 

eclipfe. 

We have not yet mentioned the atmo¬ 

fphere, which requires our confideration, 

while we are treating of lunar eclipfes; for 

the fhadow of the earth does not reach the 

moon. In fig. 21. T reprefents the earth, 

BCDBgf its atmofphere, A B, AB, 

rays proceeding from the fun at S, touching 

the atmofphere at B and B; thefe go 

ftraight on, and terminate the fhadow of the 

atmofphere at H. The moon is conftantly 

enlightened by the fun’s rays until fhe en¬ 

ters this fhadow, when fhe becomes fainter, 

as flie continues to move between A B H 

and ABH. 

The rays which enter the atmofphere 

obliquely, are refrafted, and bent into 

curves that touch the earth; all the light 

between F f and G g, is intercepted by the 

earth 
1 
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earth ; and the rays C E, DE, terminate 

the earth’s fhadow. 

The light between F f, and A B, is re¬ 

fracted by the atmofphere, and diffufed be¬ 

tween C E, and A B, and continued beyond 

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 ^tmofphere is but a weak 

light, and therefore the moon is vifible 

in an eclipfe. 

The fhadow of the atmofphere is coni¬ 

cal, becaufe the diameter of the fun is greater 

than that of the earth. This cone does net 
i it i . ■» 

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 ith 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 illuminated by an entire hemifpl 
A. - ' ! . . : . • <\ - - - t.i ” 1 A-1 • ’ ' • *■ ■ 

acre 

of 
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of the fun. As you move from A to C, 

or from F to D, the light is continually 

diminifhing; and near C and D, the rays 

come to the earth only from a fmall point 

of the fun's furface. 

This diminiftied light, which furrounds 

the fhadow every way, is called the pen¬ 

umbra. An obferver at B or E, can only 

fee half the fun’s diameter, the reft beinjr 

hidden by the interpolation 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 fhadow it- 

felfj whence it is plain, that there may be 

a folar eclipfe, although the fhadow of the 

moon does not touch the earth, if the pen¬ 

umbra comes to its lurface. 

When the moon’s fhadow 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 

refped: to particular places, it is faid to be 

total where the fhadow pa'fles 5 central, 

where the center of the moon covers that 

of 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 un¬ 

der the fhadow; 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 perihelion, and the 

moon in apogee, that is, at its greatefl dif¬ 

tance from the earth, the fhadow of the 

moon does not reach the earth, and the 

moon does not cover the fun: this is called 

an annular eclipfe, as is reprefented in 

%. 24. 
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THE 

DESCRIPTION and USE 

OF THE NEW 

Celestial and Terrestrial 

G L O E S. 
the periphery of a femi-circle be 

^ I turned round its diameter as an 

axis, it will generate the furface of 

a globe or fphere, and the center of the 

,femi-circle will be the center of the globe: 

it 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, mu ft be 

the fame* 
82, Any 
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82. Any ftraight line palling through the 

center of a globe, being terminated by its 

furface, is called a diameter; and that dia¬ 

meter about which the globe turns, is called 

its axis 3 the extremities of which are called 

the poles of the globe. 

83. There are two artificial globes. That 
t \. 1 * * 

bn which the furface of the earth is repre- 

fented, is called the terreftrial globe. 

84. The ether on which the face of the 

ftarry fphere is delineated, is called the ce- 

leftial globe. 

S5. In the ufe of the terreftrial globe, we 

are to confider ourfelves {landing upon fome 

part of its furface, and that its motion re- 

prefents 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 reprefents 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 mu ft fuppofe ourfelves at the center > 
. , , • ~ • V 

becaufe under fuch a fuppofitiori 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 terreftriai and celeftia) globes, 

fig. 1, and fig. ^5. are each of them fufpend- 

ed at their poles in a ftrong brafs circle 

N Z JE S N, and turn therein upon two 

iron pins, which are the axis of the globe. 

They have each a thin brafs femi-circle 

N H S moveable about the poles, with a 

fmall thin Hiding circle thereon. 

91. On the terreftriai globe, fig. 1. this 

femi-circle N H S is a moveable meridian, 

and its fmall Hiding 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 N H S is a moveable circle of 
E decli- 
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declination, and its fmall circle H, an arti¬ 
ficial fun or planet, 

93. Each globe hath a brafs wire circle* 
T W Y, placed at the limits of the crepuf- 
culum, or twilight, which, together with 

the globe, is fet in a wooden frame: the up¬ 

per part B C is covered with a broad paper 

circle, whofe plane divides the globe into 
two hemifpheres, and the whole is fupported 

by a neat pillar and claw, with a magnetic 
needle in a compafs box at M. 

94. On our new terreftrial globe, the 

divifion of the face of the earth into land 
and water, is accurately laid down from 
the lateft and beft agronomical, geographi¬ 

cal, and nautical dilcoverieSo There are 

alfo many additional circles, as well as the 
rhomb-lines, for the greater eafe and conve¬ 
nience in folving all the neeeflary geogra¬ 
phical and nautical problems. 

95. On the furface of our new celeftial 

globe, all the fouthern conftellations, lately 

obferved at the Cape of Good-Hope by M. de 

la Caille, and all the flars in Mr. Flamfted’s 
Britifh catalogue, are accurately laid down,.* 

and marked with Greek and Roman letters 

of reference, in imitation of Bayer. Upon 
each 

1 
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&ach fide of the ecliptic are drawn eight 

parallel circles at the diftarice of one degree 

from each other, including a fpace of fix- 

teen degrees, called the zodiac $ thefe are 

crofted at right angles with fegments 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* 

rafters are affixed. They may be of very 

great ufe to beginners to teach them the o o 

names of the ftars, as well as to mariners 

for the fame purpofe j who may have occa- 

fion to obferve the diftance of the moon* 
1 

from a fixed ftar, in the new method of 

difcovering the longitude at fea. They will 

likewife ferve to fhew, how the moon paftes 
» 

from ftar to ftar in the courfe of one or 

feveral nights, which is a very curious and 

ufeful amufement 5 and' as they are a divi- 

E 2 fion 
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fion of the heavens different from any thing 

the Greeks were acquainted with* and there¬ 

fore not borrowed from them, and as we do 

not know they were ever inferted on any 

globe before, we hope we have with pro¬ 

priety placed them on our new celeftial globe. 

See Coftardi HijL of Aftronomy, 40. 

The broad paper circle B C 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 5 thele are the four cardinal points 

of the horizon. The fecond circular 

fpace contains, at equal diftances, 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 

3° degrees each, between which are en¬ 

graved their names and characters. This 

fpace 
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fpace is conne&ed with a fourth, which 

contains the kalendar of months and days > 
each day, on the new eighteen-inch globes, 
being divided into four parts, expreffing the 
four cardinal points of {he day, according to 

the Julian reckoning ; by which means the 

fun’s place is very nearly obtained for the 

three common years after biffextile, and the 

intercalary day inferted without confufton. 

Whence we derive the following 
f ’*v I ’r. . v 1. 7 1 10 

PROBLEM I. 

To find the fun’s place any day in the 

year on the broad paper circle. 

98. Conflder whether the year in which 

you feek the fun’s place is biffextile, or 
the firft, fecond, or third year after. 

99. If it be the fir ft year after biffextile, 
thofe divifions, to which the numbers for 

the days of the month are affixed, are the 

refpedtive days for each month of that year 

at noon; oppofite to which, in the circle 

of twelve figns, is the fun’s place. 

100. If it be the fecond year after biffex¬ 

tile, the firft quarter of a day backwards, 

or towards the left hand, is the day of the 
E 3 month 
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mopth for that year; againft which, as be¬ 
fore, is the fun’s place. 

101. If it be the third year after biffextile, 
half a day backwards is the day of the 

month for that year, oppoftte to which is 

the fun’s place. 

102. If the year in which you feek the 

fun’s place is biffextile, then three quarters 

of a day backwards is the day of the month 

from the iff of January to the 28th day 
of February inclufive. The intercalary, 

or 29th day, is three fourths of a day to 
the left hand from the 1 ft of March; and 
•s’-. "r. '■ ’ ' ' ’ v ’ “■ c • 

the firft 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 j againft each of which 

is found the fun’s placp. 
In this manner the intercalary day is very 

well introduced every fourth year into the 
kalendar, and the fun’s place very nearly 

obtained according to the Julian reckoning. 

Thus; 
A. D. Sun’s place, April 25. 

17 69. firft year after biffextile O : 5* 
1770. fecond - -- -- — - £5 : 5 
1771. third - -- -- -- - & : 4 

1772. biffextile ------- ; 5' 

: 21' 
: 061 

• 55' 
■ 35' 

One 
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One ufe of the broad paper circle is to 

diftinguifh the points of the horizon; in this 

cafe it reprefents the rational horizon of any 

particular place, which is an imaginary great 
circle in the fphere of the heavens, dividing 

the vifible from the invilible hemifphere. 

This is fuppofed to be parallel to a lefTer 

circle, called the fenfible horizon, whole 

plane may be conceived to touch the furface 

of the globe at that place upon which an 

obferver ftands, and to terminate his fight 

when he views the heavens round about. 

The extent of the fenfible or vifible hori¬ 

zon is greater or lefs, as we itand higher or 
lower. 

103. Another ufe we {hall make of this 

circle is to reprefent the circle of illumina¬ 
tion, or that circle which feparates day from 

night. 

A third ufe to which this circle may be 
* ■ 

applied, is to reprefent the plane of the 
ecliptic. All of which {hall be iiluftr^ted 

in their proper places. 

In all pofitions of the celeftial globe, this 

broad paper furface is the plane of the hori¬ 
zon, and diflinguifhes the vifible from the. 

invifible part of the heavens. 
E 4 Note, 
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Note, As this circle occafionally repre- 
fents various great circles of the fphere, we 

have given it the name of broad paper circle, 

to prevent the reader from considering it a$ 
an horizon, when it really reprefents the 

plane of the earth’s illuminated difc, &c. 

The nprth-fide of the wooden frame 

ought to be placed diredlly towards the 
north-fide of the heavens, which is readily 

done by the mariner’s compafs under our 

new globes. 

The ftrong brafs circle, or meridian, 

NZdESN. 

t 04. 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 oppoftte 

points in this circle, turns round therein on 

its iron poles, 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 thele quadrants increafe from the equa¬ 
tor 
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tor towards the poles; the numbers on the 
other two increafe from the poles towards 
the equator. 

“ The reafon why two quadrants of the 
cc meridian are numbered from the equator, 
c - and the other two from the poles, is be- 
cc caufe the firft of thefe two fhew the 

“ diftance of any point on the globe from 

“ the equator or equino&ial, and the other 

<c ferves to elevate the globe to the latitude 
. “ of any place.” 

106. The ftrong brafs circle of the celeffial 

globe is called the meridian, becaufe the 

fun’s center is diredtly oppofite thereto at 
noon. •' . 
j 

107. On the ftrong brafs circle of our 
new terreftrial globe, and about 23 \ de¬ 
grees on each fide of the north pole, the 

days of each month are laid down accord¬ 

ing to the fun’s declination. If any day of 
the month is placed in the plane of the 

horizon, it will fhew the fun’s declination 

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 diredt or right fphere, (which 

ls} when the north and fouth poles are placed 

in 
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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 conftruction 
of our new globes. 

108. The graduated fide of the ftrong 

brafs circle, encompaffing our new terreftria! 

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. 

110. In all inclinations of either globe, 

the north pole fhould be directed towards 

the north point of the heavens, which the 

mariner s compafs at M, placed under each 

of the globes, will enable us to do with the 

created: readinefs. 
o 

The horary circle. 

hi. We ufe no other circle to meafure 

the hours and minutes of time, but the 
equator. 
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equator, upon the furface of either globe; 

it being not only the moft natural, but 
the largeft circle that can poffibly be 
applied for that purpofe. This is done 
by a femi-circular wire JE F placed in the 

plane of the equator, carrying two indices, 
placed, one on each fide of the meridian, 

one of which I is occafionally to be ufed to 

point out the time. 

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 interfedion of the equator and 

ecliptic at the firft point of Aries; the 
other Xllth hour circle paffes through the 

oppofite interfedion at the firft point of 

Libra. 

Remember, when the globe fhall be 

hereafter redified for London, or any other 

place, on the fame meridian with it, that 

then the graduated fide of the ftrong brafs 

meridian is the horary index itfelf. 

It may happen, that the globe fhall be fo 

redified, as that the two points of XII o’clock 

will fall in, or fo near, the eaft and weft 
points of the broad paper circle, that neither 

of the horary indices can be applied thereto; 

1 
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in this cafe bring the horary index as near 
as poffible, and make an allowance of a 
few minutes. 

112. The hours and minutes are graduated 

below the degrees of the equator on either 

globe; and as 
113. The motion of the terreftrial globe is 

from weft to eaft, the horary numbers increafe 

according to the direction of that motion. 
114. The motion of the celeftial globe 

being from eaft to weft, the horary num¬ 

bers increafe in that dire&ion. 

The thin brafs femi-circle NHS, 

115. This turns upon the poles of the 

globe, and may be called a proper or a 

moveable meridian. It is graduated each 

way to go degrees 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 Hides from pole to pole; when we 

confider 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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fmall thin circle H, about two inches diame¬ 

ter, that flides from pole to pole ; which is 

divided into a few of the points of the ma¬ 

riner s compafs, and is called a terreftrial or 

vifible horizon. 

The brafs quadrant of altitude Z A 

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 divisions 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 fhews the 

diftance between two ftars. If fixed to the 

zenith or pole of the horizon, it fhews 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 deprefllon of any ce¬ 

leftial objedl. It will reprefent any vertical 

circle palling through the pole of the hori¬ 
zon, in its motion round the zenith point, as 

well as the prime vertical, which pafifes 

through 
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through the eaft and weft points of the 

horizon. Upon both globes it occafionally 
Ihews the diftance of every fecondary to the 

horizon $ and has other ufes, which will be 
hereafter fhewn. 

119. Note, when we fpeak of bringing 

any point or place to the Jlrong brafs meridian, 
we mean that it fould be brought to its gra¬ 
duated fide, which is properly the meridian. 

Alfowhen we fpeak of bringing the move- 
able meridian, quadrant of altitude, or any 

other thin flexible circle, to any point or place; 

we mean that their graduated edges fijould be 
brought to that point, or place. 

Of the feveral circles defcribed upori 

the furface of each globe. 

120. We may imagine as many as we 

pleafe upon the furface of the earth, and 

conceive them to be extended to the fphere 

of the heavens, marking thereon concentric 

circles. 
121. The planes of all great circles pafs 

through the center, and divide the globe into 
two equal hemifpheres: a fmall circle di¬ 

vides the furface of a globe into two unequal 
parts 5’ 
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parts ; all circles are fuppofed to be divided 
into 360 degrees. 

We (hall begin with the defcription of 

the equator, this being the mod: eminent 
great circle on either globe* 

■ , *• ^ 

The equator or equinoctial JEIQ 

122. Is 90 degrees diftant from the 

two poles of the globe and is fo called, 

becaufe when the fun appears to pafs ver¬ 
tically over this circle, the days and nights 

are of an equal length to all the inhabitants 

of the earth. 

123. The plane of the equator pafTes 

through the middle of the globe at right 
angles to the polar axis. 

On our new globes it is graduated into 
360 degrees upon the terreftrial globe, the 

numbers increafe from the meridian of 
London weft ward, and proceed quite round 

to 360. 

124. They are alfo numbered from the 

fame meridian eaftward by an upper row 

of figures, for the eafe of thofe who ufe 

the Englifh tables of the latitude and longi¬ 

tude of places. 

*25. Oii 

1 
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125. On our new celeftial globes the 

equatorial degrees are numbered from the 

firft point of Aries eaftward, to 360 de¬ 

grees*. 

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 fame direct 

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 lphere, the plane of 

the equator cuts the eaftern and weftern 

points of the broad paper circle, when con- 

fidered either 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 brafs 

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 furface of 

the 
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the globe may be more ealily computed* 

Whence arifes the following; 

PROBLEM II. 

To find the latitude of a place. 

130. Bring the place to the graduated fide 

bf the ftrong brafs meridian; the degree it 
then cuts (hews its diftances from the equa¬ 

tor, which bn the terreftrial globe is called 
latitude. 

Thus London has 51 deg. 32 min. of 

north latitude; Conftantinopie, 41 deg. of 

north latitude ; Quebec, in Canada, 46 deg. 

55 miri. of north latitude ; and the Cape of 

Good Hope; 34 deg. focrth latitude. 

PROBLEM IIL 
r * * . 4 * ». 

To find all thofe places which have 

the fame latitude with any given 

place* 

131. Suppofe th6 given place London ; 
turn the globe round, and all thofe places 

which pafs under the fame point of the ftrong 

brafs meridian, are in the fame latitude. 

F PROBLEM 

1 
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PROBLEM IV. 

To find the difference of latitude 
• «L —** ’ ■— **■■"** 

between any two places. 
t -Of • f : • * -■'*/ ------ V- - j - ~ 

. 132. Suppofe London and Rome, find 

the latitude of each place by prob. ii. art* 

130. Their difference is the anfwer. 

* r4 » f ; v o [-? rr.-y * ' ' * ' 

PROBLEM V. 
K *» f- 

To find the declination of the fun. 
• r -x ► f 

f. * / x 

133. Firft, On either globe for the fun’s 

declination, 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 declination 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 fhew the fun’s declination, counting 

the number of parallels from the equator. 
Alfo, 

On 

\ 
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On the celeftial globe, feek the day of the 

tnonth clofe under the ecliptic line itfelf, 

againft which is the fun’s place ; bring that 

point under the ftrong brafs meridian, and 

the degree that {lands over it is the fun’s de¬ 

clination for that day. Thus on the 23d of 

May the fun’s declination will be about 20 

deg. 10 min. and upon the 23d of Auguft it 

will be 11 deg. 13 min. 

For the declination of any ftar. 

134. Secondly, Bring the ftar to the ftrong 

brafs meridian on the celeftial globe, and the 

degree it (lands under is its diftance from 

the equator, and this diftance is called the 

liar’s declination, which may be either north 

or fouth, according to the fide of the equa¬ 

tor on which the ftar is fituated. 

Thus the declination of the ftar Ardlurus, 

marked * in the conftellation Bootes, has 

about 20 deg. 30 min. north declination $ 

and that of Sirius in Canis Major, or the 

Dog-ftar, marked has about 16 deg. 30 

ruin, fouth declination. 

' 135. Hence we fee, that the latitude of 

places on the earth, and the declination of 

F 2 the 
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the fun and ftars, &c. in the heavens, have 

but one idea, the meaning of which is no 

more than their diftance (either of places on 
> ■ \ 

the terreftrial, or of the luminaries in the 

celeftial fpheres) from the equator. 
^ V 

The latitude of a fixed ftar always con¬ 

tinues the fame, but that of the fun, moon, 

and planets, varies. 

136. Thofe ftars, whole declinations 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 zenith, or are directly 

over their heads. Hence the following 

PROBLEM VI. 

To find what ftars pafs over or nearly 

over the zenith of any place. 

137. Find the latitude of the place by 

prob. ii. art. 130. 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 dire&ly over the heads 

of 
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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 fecond 

magnitude in the head of the dragon is 51 

deg. 32 min. diftant from the celeftial 
equator, fo alfo is London at the fame dis¬ 

tance from the terreftrial equator: therefore 

the declination of this ftar is equal to the 

latitude of London, and confequently it be¬ 

comes our celeftial correfpondent. 

The ftar marked * of the fecond magni¬ 

tude in Perfeus’s fide called Algenib, pafles 

over the zenith of thofe inhabitants in France 

who live 14 min. of one degree fouth of 

Paris \ it alfo pafles nearly over the zenith 
of St. George’s Bay in Newfoundland. 

Celeftial and terreftrial meridians 
% * V 

4 

138. Are great circles drawn upon the 

globes from one pole to the other, and 

crofling the equator at right angles. Upon 
our new terreftrial globe there are twenty- 

four of thefe meridians, which are alfo hour- 

circles, being 15 degrees from each other. 

Thus 15 degrees on the equator is equal to 

F 3 one 
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one hour, and each Angle degree equal to four 

minutes of time. Only four meridians which 
i t L v. l » * - * 

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 
m i. * • * 

may not be conceived to pafs; confequently 

all points on the terreftrial or celeftial fpheres 

have their meridians. So that they only 

(properly fpeaking) live under the fame me¬ 

ridian, that are under the fame femi-circle, 
on the fame fide of the poles. 

This variety of meridians on the globes is 

fupplied by the thin brals femi-circle, which 
being moveable about the poles, may be fet 

to every individual point of the equator. 

Whence we call it a moveable meridian, 
art. 115. 

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; becaufe from that 
point 
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point which is marked r, where it croffes 

the equator, the degrees of longitude, as well 

as the hours and minutes of time, begin. 

The oppofite meridian to this croffes the 

great Pacifick Ocean, and paffes through the 

firft point of Libra, marked ^ upon the 
globe. , cv 

This meridian is graduated from pole to 

pole, and its numbers increafe from the 

equator each way to the pole.. One parti¬ 

cular ufe to which it may be applied, and 

for which it was at firft defigned, is to folve 

fome of the cafes in fpherical trigonometry 

with eafe and propriety, as will be feen 

hereafter. 
) . 

Some geographers make their firft meri¬ 

dian pafs through the ifle of Fer, or Ferro. 
X • J *■'*«* **> . - 

PROBLEM VII. 

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¬ 

ed 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 exprelfed in time. 

Or if we bring the place to the ftrong 

brafs meridian, that will cut the equator in 

the longitude as before. 

Thus Bofton in New.England is about 
jo \ degrees weft of London; Cape 

Comorin in the Eaft Indies 282°. weft 
> * .. „ .. >.. 

of London ; or the longitude of the firft 

place expreffed in time is 4 h. 42 min. of 

the fecond 18 h. 48 min. 

143. The method of reckoning longitude 

always weftward from the firft meridian is 
moft natural, becaufe 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 the contrary way, by 

which 



CekJUal and Terrejirial Globes. 73 

which means the longitude may bq reckoned 

upon the equator either eaft or weft. 

144. It is mid-day or noon to all places 

in the fame meridian at the fame time. 

Thus London, Oran, Cape Coaft-c^ftle 

in the Meditarranean, and Mundfcrt on the 

Gold-coaft, have their noon nearly at the 

fame time 9 Bofton in New England about 

4 h. 42 m;n. later; and Cape Comorin 

18 h. 48 min, later. 

145. The difference of longitude of any 

two places, in the quantity of an angle at the 

pole made by the meridians of thofe places 9 

which angle is meafured upon the equator. 

To cxprefs this angle upon the 

globe 

146. Bring the moveable meridian to one 

of the places, and the other place under the 

ftrong 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. ■ 

PROBLEM 
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PROBLEM VIII. 
.fkr: . 

To find what places have mid-day, 

or the fun, upon their meridian, 

at any given hour of the day in 

any place propofed. 

147. Firft, Let the hour propofed be X 

o’clock in the morning at London. 

As the real diurnal motion of the earth, 
here reprefented by the terreftrial globe, is 
from weft to eaft. 

All places to the eaftward of any parti¬ 

cular meridian muft neceflarily pafs by the 

fun, before the meridian of any other place 

to the weftward of that particular meridian 
can arrive at it. 

148. And therefore as the firft meridian 
on our new terreftrial globe pafies through 

London, if the propofed place be London, 

as in this cafe, bring the given hour, which 

is placed 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 fide of the ftrong brafs meridian; 
and all thole places which lie diredtly under 

. / it. 
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it, have noon, or the fun, upon their meri¬ 

dian, when it is X o’clock at London. 

Thus having brought the Xth hour on 
the equator to the eaftward of London un¬ 

der the divided fide of the ftrong brafs 

meridian, it will be found to pafs over the 
eaftern fide of Lapland, and the eaftern ex¬ 

tremity of the gulf of Finland, Peterfburgh 

in Ruffia, to crofs a part of Moldavia and 

the Black Sea, thence it pafles over a part of 

Turky, and goes between the iflands of 

Candia and Cyprus in the Mediterranean, 

thence over the middle of Egypt through 

the eaftern fide of Africa, and acrofs the bay 

of Lorenzo; all which places have the fun 

on their meridian when it is X o’clock in 

the morning at London. 

149. Secondly, Let the hour propofed be 

IV o’clock in the afternoon at Port-Royal 

in Jamaica. 
Bring Port-Royal in Jamaica to the ftrong 

brafs meridian, and fet the horary index to 

that XII which is moft elevated; then turn 
the globe from weft to eaft, until the horary 

index points to IV o’clock, and the ftrong 

brafs meridian will pafs over the weftern 

fide of the ifle Pafares in the Pacific Ocean, 
and 
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and the eaftern fide of the ifle La Mefla, 

thence it erodes the equator, and pafies 

nearly over the iflands Mendoca and Domi¬ 

nica, which places have the fun on their 

meridian when it is IV o’clock in the after¬ 

noon at Port-Royal in Jamaica. 

150. Thirdly, let the propofed hour bp 

30 min. part V o’clock in the morning at 

Cape Pafaro in the ifland of Sicily. 

Bring Cape Pafaro to the ftrong brafs mer 

rldian, fet the horary index to that XII 

which is moft elevated, and turn the globe 

weft ward, becaufe the propofed time is in 

the morning, till the horary index points to 

5 h. 30 min. apd you’ll find the ftrong brafs 

meridian to pafs over the middle of Siberia, 

Chinefe Tartary, the kingdom of China, 

Canton in China, the middle of the ifland 

of Borneo, &c. at all which places it is noon, 

(they having the fun upon their meridian at 

the fame time) when it is half an hour paft 

V o’clock in the moning at Cape Pafaro in 

Sicily. ' ■ ‘ 1 

V 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. 

151. Bring the propofed place under the 

ftrong brafs meridian, and fet the horary in¬ 

dex to XII, then turning the globe, bring 

the given place to the meridian, and the hour 

required will be fhewn by the horary index 

upon the equator. If the propofed place be 

t6 the eaftward of the given place, the 

anfwer will be afternoon; but if to the weft- 

ward of it, the anfwer is before noon. 

Thus when it is noon at London, it is 49 

minutes paft XII at Rome, and 32 minutes 

part VII in the evening at Canton in China, 

and alfo 15 minutes paft 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. 

At any given time of the day in the 

place where you are, to find the 
Jk. 

hour at any other place propofed. 

152. Bring the propofed place* under the 

ftrong brafs meridian, and fet the horary in¬ 

dex to the given time y then turn the globe 

till the place where you are is under the 

brafs meridian, and the horary index will 

point to the hour and minute required. 

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, 3 r 

minutes paft IV in the afternoon^. 

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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. . " J - .Jr. - • : - •— Sir » 

PROBLEM XI. 
- • 7 T p 4 1 

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 thereon. 

> 

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 

1 deg. 2 min. fouth, and longitude 80 deg. 

17 min. weft 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 weft ward on 

the equator, and Aide the diameter of the 

artificial horizon to 1 deg. 2 min. fouth; 

and its center will be corredly placed on 

that 
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that point of the globe, where the Cape of 

Lorenzo ought to have been placed. 

The four laft problems depend entirely 

on the knowledge of the longitude and dif¬ 

ference of longitude bf places; 

The ecliptic E L 

154. Is that graduated circle which crofleg 

the equator in an angle of about 23-I de¬ 

grees y 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 i 2th part is marked with 

the ufual chara&ers, Which with their names 

are as follow: 

o i 2 3 4. $ 6 
Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra,- 

TV ax s & 

7 8 9 10 11 
Scorpio, Sagittarius, Capricornus, Aquarius, Pifces. 

«l. • ^ VS ZZ X 

- ( • 

By thefe the twelve ligns are reprefehted 
upon the terreftrial globe. Upon our ce- 
leftial globe, juft under the ecliptic, the 

months, and day§ of each month, are gra- 

. - v 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 iii this 

circle; he advances therein every day about 

59 min. 8 fee. of one degree, and feems fo 

pafs through it in a tropical year. 

155. Thofe Mo points, where the eclip¬ 

tic croffes the equator, are called equinoc¬ 

tial points, and are marked with thefe cha¬ 

racters T and ^ at the beginning of Aries 

and Libra. 

The firft of thefe is called the vernal, the 

fecond the autumnal, equinox. 

156. The firft degree of Cancer and Capri¬ 

corn is marked with the characters and 

vs, which two points are called the folftices * 

the firft is the fummer folftice, the fecond 

that of the winter, to all inhabitants upon 

{he north fide of the equator; but direCtly 

contrary to thofe tin the fouth fide of it. 
• » X 1 , 

Although the ecliptic does not properly 

belong to the earth, yet we have placed it 

upon our terreftrial globe according to an¬ 

cient cuftom ; it being ufeful in fome parti¬ 

cular cafes; it is chiefly to be regarded upon 

the eeleftial globe. 

G ' 157.The 
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157. The longitude of the ftars and planets 

is reckoned upon the ecliptic ; the numbers 

beginning at the firft point of aries Y, where 

the ecliptic erodes the equator, and increafing 

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 

palling thrpugh its poles, and crofting it at 

right angles. 

159. Twenty-four of thefe circular lines, 

which crofs 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 poles 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 preceffion of the 

IrqurflOX, 
no pnquo?.3 oj — -Vt, 

o 

The 
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The celeftial ligns and conflellations 

162. On the furface of the celeftial 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 limits of 8 de¬ 

grees 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 refpeCtive characters 

of the twelve figns of the ecliptic may be 

learned by infpeCtion on the furface of the 

broad paper circle ; and the conftellations 

from the globe itielf. 

163. The zodiac is reprefented by fight 

circles parallel to the ecliptic, on each fide 

thereof; thefe circles are one degree diftant 

G 2 from 
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from each other, fo that the whole breadth 

of the zodiac is 16 degrees. 

164. Amongft thefe parallels, the latitude 

of the planets is reckoned; and in their ap¬ 

parent motion they never exceed the limits 

of the zodiac. 

165. On each fide of the zodiac, as was 

obferved, other conftellations are diftinguilh- 

ed; thofe on the north fide are called nor¬ 

thern, and thofe on the fouth fide of it, 

fouthern conftellations. 

166. All the ftars which compofe thefe 

conftellations, are fuppofed to increafe their 

longitude cohtinually; upon which fuppo- 

fition, the whole ftarry firmament has a flow 

motion from weft to eaft * infomuch that 

the firft ftar in the conftellation of Aries, 

which appeared in the vernal interfedlion 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 perpendicular to the plane of 

the broad paper circle, and the equator will 

• then be in the fame plane 5 let thefe repre- 

s 5 clI fent 
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fcnt the ecliptic, and then the poles of the 

globe will alfo reprefent thofe of the eclip¬ 

tic ; the ecliptic line upon the globe will at 

the fame time reprefent the equator, inclined 

in an angle of 23 \ degrees to the broad 

paper circle, now called the ecliptic, and 

cutting it in two points, which are called 

the equinodial interfedions. 

Now if you turn the globe flowly round 

upon its axis from eaft to weft, while it is 

in this pofition, thefe points of interfedion 

will move round the fame way; and the in¬ 

clination of the circle, which in {hewing this 

motion reprefents the equinodial, will not 

be altered by fuch a revolution of the inter¬ 

fering or equinodial points. This motion 

is called the preceflion of the equinoxes, 

becaufe it carries the equinodial points hack-* 

wards amongft the fixed ftars. 

The poles of the world feem to defcribe 

a circle from eaft to weft, round the poles 

of the ecliptic, arifing from the preceflion 

of the equinox. This motion of the poles 

is eafily reprelented 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 

G 3 globe 
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globe being perpendicular thereto reprefents 

the axis of the ecliptic ; and the two points, 

where the circular lines meet, defcribed in 

art. 159, 160. will now reprefent the poles 

of the world, whence as the globe is flowly 

turned from eaft to weft, thefe points will 

revolve the fame way about the poles of the 

globe, which are here fuppofed to reprefent 

the poles of the ecliptic. The axis of the 

world may revolve as above, although its 

fituation with refpedt to the ecliptic be not 

altered; for the points here fuppofed to re¬ 

prefent the poles of the world, will always 

keep the fame diftance from the broad paper 

circle, which reprefents the ecliptic in this 

fituation 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 celeftial 

globe, they are diftinguifhed into feven dif¬ 

ferent magnitudes. 

General phenomena ariling from the 

earth’s diurnal motion. 
. 77- OJ a <• - ■ ..... . • 4 j 

168. The daily rotation of the earth about 

its axis is one of the moft efiential points 
jLU which 

* Kutherforth’s Syftem of Nat. Phil. Vol. II. p.730. 
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which a beginner ought to have in' view \ 

for every particular meridian thereon is fuc- 

ceffively turned towards every point in the 

heavens, and as it were deferibes circles in 

the celeftial fpheres, 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; thefe 

two points are called the celeftial poles, which 

correfpond with our terrefirial north and 

fouth poles. 

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 

pr near the equator: by which means we 

are enabled to fhew, how the vicifiitude of 

days and nights, their various alterations in 

length, the duration of the twilight, &c. are 

really m.ade by the earth’s daily motion, 

upon the principles of the Pythagorean or 

Copernican fyftem, 
G 4 . . . .In 
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In fig. 26. fEN QJS JE reprefent the ap¬ 

parent concave fphere of the fixed flars, 

x n q s as the globe of the earth, whofe axis 

n s is fuppofed to be extended to N S, in 

the fphere of the fixed liars; all the liars 

feem to revolve upon thefe two points as 

poles. 

If the plane of the earth’s equator xzqcx 

is conceived to be extended to the Harry 

firmament, it will point out the celeftial 

equator JE & T JE. 

N reprefents the‘celeftial, and n the ter- 

tefirial north pole, S and s the fouth pole. 
v • * ' . U Si r ■ ‘ ’• ■ 

Parallels of latitude, declination, tro¬ 

pics and polar circles. 

171. Fig. 26. That circle which any liar 

feems 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 forface, and ex¬ 

tended to D in the Harry firmament, by 

means ol the earth’s daily rotative motion, 

the extremity D of the line C D will de¬ 

fcribe the celeftial-parallel Gx DxG, cor- 

refponding to the terrefirial parallel g d, of 

c , ,;T the 
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the point d. If D C be fuppofed to be ex¬ 

tended to H, the oppofite fide of the ftarry 

firmament, it will deferibe another parallel . 

equal to the former. 

Thofe circular lines upon the terreftrial 

globes, which are deferibed from the poles, 

on either fide of the equator, are parallel 

to it, and are called parallels of latitude, but 

on the celeftial globe they are called parallels 

of declination. 
* N ; 

There are four principal lefler circles pa¬ 

rallel to the equator, which divicle the globe 

into five unequal parts called zones; thefe 

are the two tropics, and the two polaj: 

circles. 

We have already (hewn, that the difiance 

of any parallel from the equator, meafured 

in the arch of a great circle on the terreftrial 

fphere, is its latitude; and on the celeftial 

fphere, its declination, art. 135. 

172. If the fun, mpon, a fixed ftar, or 

planet, is fituated in any parallel between 

the equator M fig. 26. and the north 

pole N, it is faid to have north declination 5 

but if towards the fouth pole S, fopth de- 

clinatipmar ‘tRrr iKnftsVn*^rirol 

Thus 
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Thus the two parallels G D, and H I, 

have the fame declination: becaufe they are 

equally diftant from JE Q_jhe equator; the 

firft hath north, the laft fouth declina¬ 

tion. 

Hence we muft obferve, that a celeftial 

parallel GXD, and its correfpondent gxd 

upon the earth, are two parallel circles, 

being (imilar elements of a cone, 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 JE ~ QjY1 JE, 

is the fame with that of the terreftrial szq, 

becaufe thele two planes are produced by 

the fame 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 zenith 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 fame number of degrees from JE Qjthe 

celeftial equator, as that of-the inhabitant’s 

rd- parallel 
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parallel g d does from as 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 declination, which 

paffes over his zenith. 

If the inhabitant changes his fituation 

either north or fouth, the different declina¬ 

tions of thofe ftars which pafs over his ze¬ 

nith, at the feveral places of his removal, 

will {hew his advance towards or regrefs 

from the equator. 

Whence any place upon the earth may 

be reprefented by its correfponding zenith 

point, in the apparent concavity of the {tarry 

fphere ; as {hall be hereafter {hewn. 

173 - Upon our new terreftrial globe, there 

are twenty-three parallels drawn at the di¬ 

ftance of one degree from each other, on 

both ftaes the equator; which, with two 

other parallels at 23 \ degrees diftance, in¬ 

clude the ecliptic circle; thefe two are called 

the tropics. That on the north fide of the 

equator is called the tropic of Cancer; and 

the 
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the other, which is on the fouth fide of it, 

the tropic of Capricorn. 

174. The fpace between thefe two tro¬ 

pic, which contains about 47 degrees, was 

called by the ancients, the torrid zone. 

The two polar circles are now placed at 

the fame diftance from the poles, that the 

two tropics are from the equator. 

One of thefe is called the northern, the 

other the fouthern pplar circle. 

Thefe include £3 \ degrees on each fide 

of their refpedjtiv.e poles, and confequently 

contain 47 degrees, equal to the number of 

degrees included between the tropics. 

173. The fpace contained within the 

northern polar circle, was formerly called 

the north frigid zone, and that within 

the fouthern polar circle, the fouth frigid, 

zone. 

176. The fhaces between either polar 

circle, and its neared tropic, which contain 

about 43 degrees each, were called by the 

ancients the two temperate '^on^s.^ j * ‘ 

177. Whenever any parallel paffes through 

two places on the terreftrial globe, $iefe 

plapes have the fame .latitude, 

Alfo 



CelejUal and Terrejlrui! Globes. 

Alfo all thofe ftars which are in the fame 

parallel upon the celeftial globe, have the 

fame declination* . 

And as the ecliptic is inclined to the equa¬ 

tor in an angle of 23! degrees, and is in¬ 

cluded between the tropics, every parallel 

in the torrid zone muft necefTarily crois the 

ecliptic in two places ; which two points 

fhew the fun’s place, when he is vertical 

to the inhabitants of that parallel 3 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 fun paffes di¬ 

rectly over their heads at noon, and are 

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 progrefiive, or rather 

apparent annual motion, feems to be in the 

celeftial ecliptic, the fun’s declination is 

thereby changed gradually every day. There¬ 

fore on our new terreftrial globe, as men¬ 

tioned in art. 173. we have drawn parallels 

thro’ the whole fpace of the torrid zone, and 

the two fpaces within the polar circles, to 

give a general and clear idea of the fimV ap¬ 

parent paffage from one tropic to the other. 

' The 
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^ a The colures ^j. 

178. Are circular lines drawn on the 

©eleftial globe from pole to pole, (as meri¬ 

dians are upon the terreftrial globe) eroding 

the equator at right angles, and being fe- 

condaries to it* Art* 140. 

179. The two celeftial meridians which 

pafs thro’ the firft point of r and & making 

together one great circle, are reprefented by 

the circle B T K - B, in fig. 26. and are 

called the equinodtial colure. The points 

marked T and ^ are called the equinoxes, 

or equinodtial points. 

180. The two celeftial meridians repre¬ 

fented by the circle N JE S QJNT, pafiing 

through the folftitial points (marked 23 and 

VS) of Cancer and Capricorn, are called the 

folftitial colure. 

181. Thefe colures cut each other at 

right angles in the poles of the world, and 

divide the celeftial equator* ecliptic, and 

zodiac into four equal parts, which points 

determine the four feafons of the year. See 

art. 34 to 41. andvarfc $87. Ik- o 
>' »i j Jl A * 

The 



The equino&ial colure only paffes through 

the poles of the world at n and s. But, 

The folftitial colure paffes through the 

poles of the world at n and s, and alfo 

through the poles 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 equinoctial 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 terreftrial 

fphere. 

182. All thofe circular lines that are, or 

may be fuppoied, drawn on the celeftial 

globe, which pafs through the poles, cutting 

the equator at right angles, are called circles 

of declination becaufe the declination of 

thofe points or ftars through which they 

pafs, or the diftance of thofe ftars from the 

equator, 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 declination. 

Arctic 
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Ar&ic and antar&ic circles, or 

circles of perpetual apparition 

and occultatioru 

183. The Iargeft parallel of latitude on 

the terreftrial globe, as well as the Iargeft 

circle of declination on the celeftial, that 

appears entire above the horizon of any 

place in north latitude, was called by the 

ancients the ar&ic circle, or circle of perpe¬ 

tual apparition. 

Eetween that ar&ic circle and the north 

pole in the celeftial fphere, are contained 

all thofe ftars which never fet at that place, 

and ieem to us, by the rotative motion of 

the earth, to be perpetually carried round 

above our horizon in circles parallel to the 

equator. 

The Iargeft parallel of latitude on the 

terreftrial, and the Iargeft parallel of decli¬ 

nation on the celeftial globe, which is en¬ 

tirely hid below the horizon of any place, 

were by the ancients called the antarftic. 

circle, or circle of perpetual occultation. 

This circle includes all the ftars . which 

never rife in that place to an inhabitant 

of 
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the northern hemifphere, but are perpe¬ 

tually below the horizon. ■ ~ 

. All ardtic circles touch tHeir horizons in 

the north point, and all antardtic circles 

touch their horizons in the fouth point* 

which point, in the terreftrial and ceieftial 

fpheres, is the interfedlion of the meridian 

and horizon. - 

If the elevation of the pole be 45 degrees* 

the moll elevated part either of the ardtic 

or antardtic circle, will be in the zenith of 

the place. ,. .. • - . _ > 

If the pole's elevation be lefs than 45 

degrees, the zenith point of thofe places will 

fall without its ardtic or antardtic circle. If 

greater, it will fall within. 

Therefore the nearer any place is to the 

equator, the lelfer will its ardtic and ant- 

ardtic circles be* and on the contrary, the 

farther any place is from the equator, the 

greater they are. So that, .. c 

, At the poles, the equator may be con-* 

fidered as both an ardtic and antardtic cir~ t ....... ......... <. „ , 

cle, becaiife its plane is coincident with that 

of the horizon. \ 

But at the equator (that is, in a right fphere) 

there is neither ardtic nor antardtic circle. 

H They 
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Description and life of the 

They who live under the northern polar 

circle, have the tropic of Cancer for their 

ardic, and that ot Capricorn for their ant¬ 

ardic circle* 

And they who live on either tropic, have 

one of the polar circles for their ardic, and 

the other for their antardic circle. 

Hence, whether thefe circles fall within 

or without the tropics, their diftance from 

the zenith of any place is ever equal to the 

difference between the pole’s elevation, and 

that of the,equator above the horizon of 

that place. 

From what has been faid, it is plain, 

there may be as many ardic and antardic 

circles, as there are individual points upon 

any one meridian, between the north and 

fouth poles of the earth. 

184. Many authors have miftaken thefe 

mutable circles, and have given their names 

to the immutable polar circles, which laft 

are ardic and antardic circles, in one parti-* 

etilar cafe only, as has been fhewn* 

Tile 
JB 
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The caufe of the daily change in 

the declination of the fun 
w . •» * • / <' r * ' ** »'•* ^ 

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 flars, it will 
• ; 

there mark out the circle ®, v$, T, ®, 

Which we call the celeftial ecliptic ^ fee 

fig. 26. 

From this comparifoh of the earth’s orbit 

with the celeffial ecliptic, is derived the 

ancient rule to find the fun’s place, if we 

fi'rft find the earth’s place, either by obfer- 

vation or calculation ; fix figns added to or, 

fubflra&ed from it gives the fun’s true place 

in the ecliptic. Confequently it is the fame 

thing, when we con fider the daily motion 

of the earth about her equatorial axis, re- 

prefented by the terreftrial globe, whether 

we fuppofe the earth, or the fun, to have 

an annual motion. 

It is affo the fame thing in the ufe of the 

celeftial globe, whether we fuppofe the 

earth to turn upon her equatorial axis, or 

Hz the 

Celejlidl 
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the ftarry fphere to revolve upon the ex¬ 

tremities of the fame axis extended to the 

heavens: the refuit in either cafe will be 

the fame, provided we conceive ourfelves at 

the center of the globe. 

186. We Ihall therefore fuppofe the fun’s 
apparent annual motion to be in the plane 

of the celeftial ecliptic, art. 34 to 41. and 
in his paffage through it, deferibing by a ray 
connecting the centers of the earth and fun, 
a different circle of declination, parallel to 

the equator every day. Whereby all who 
inhabit any of thofe places on the earth 
which are fituated between the terreftriai 

tropic of Cancer reprefented in fig. 26. by 

;«5, e, and the terreftriai tropic of Capricorn 
xeprefented by h, VS, have the fun at the 
time he is deferibing their parallel, in their 

Zenith; or direCtly vertical, or over their 
heads, which happens twice every year. 

187. Whence the inhabitants of thofe 

places,, as well as mariners who pafs be¬ 

tween the tropics, have a correlponding 

Zenith point, where their latitude is equal 

to the fun’s parallel of declination, front 

the fun. by day, and from the ftars by 

It 
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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 fblar 

ray, conneding the centers of the earth 

and fun, would by the earth’s diurnal 

motion defcribe the equator every day 3 

but, as we have before obferved, the fun 

does apparently deicribe a different parallel 

every day : wherefore the ecliptic and equa¬ 

tor are inclined to each other in an angle 

confirmed by obfervation of about 23 deg. 

29 min. 

Let the funs apparent annual motion be 
reprefented by the circle S>, ^5, T, s>, fig. 

26, which bifeds the celeftiai equator JE ^ 

T jE, in the points and T 3 the firft of 
thefc is called the autumnal, the iecond 

the vernal, equinodial point. 

When the fun is in he appears to 

defcribe the equator, at which time he has 

ho declination 3 and as he proceeds gra? 

dually from tsi towards v$, his fouthem 

declination continually increafes, and he, 

describes lefs an’d-lefs parallels, till he 

appears : inc1 vs, hafld ^defcribes the tropic 

of Capricorn; being' then at his greateft 

fouthern declination, viz. at his greateft 
H 3 diftance 
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diftance from the equator foutherly, and 

alfo in the winter folftice. 

In paffing from ^ to V, his declination 

decreafes, and the parallels he deferibes 

are greater and greater, until he comes to 

Aries, or the vernal equinox, and again 

has no declination, deferibing the equator 

as before. 

As he advances from thence towards 

£0, the declination increafes, and the pa¬ 

rallels deferibed are lefs and lefs, until he 

arrives at 23, or the fummer folftice * being 

then at his greateft northern declination, 

deicribing the tropic of cancer. 

Thence proceeding forwards towards 

the .declination continually decreafes, and 

the parallels deferibed increafe till the fun's 

arrival at the next fucceeding autumnal 

equinox; where he again deferibes the 

equator, having no declination; and corn- 

pleats the length of a mean folar tro¬ 

pical year, containing 365 ft, 5 h. 49 

min. 

What we have laid with refpeeft to fum¬ 

mer and winter folftices, is to be under- 

flood with relation to thofe places which 

lie between the equator and the north polej 

. - fix but 
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but to the places between the equator and 

fouth pole, the contrary happens. 

The two equinoxes are the fame to all 

the inhabitants of the earth. 
• • - *r £ > - 1 f ’ r ' * t /' ““ 

We have been thus particular in our 

defcription of the fun’s apparent annual 
motion, for the ufe of beginners; and we 
hope this confideration will plead in our 
behalf, if we fhould appear tedious or trifling 

to thofe who are matters of the fubjedh 

But what has been faid, might yet be 

more clearly illuftrated by an orrery or a 

tellurian, which (hews the annual and diur- 

nal motions of the earth, and paralielifm of 

its axis, &c. and by the different pofi- 

tions of the earth's axis, with refpedt to her 

enlightened difc, will make it appear to the 

eye as it is really underftood by attronomers; 

and then we may with more propriety repair 

to the ufe of the globe itfelf. 

To fupply the want of a tellurian 

188. Defcribe a circle ABCD, fig. 8. 

with chalk upon the floor, as large as the 

room will admit of, that the globe may be 
moved round upon it: divide this circle 

H 4 into 
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into twelve parts, and mark them with the 
characters of the twelve figns, as they are 
engraved in fig. 8. or upon the broad pa¬ 
per circle 5 placing © at the north, vs 

the foutb,. Y in the eaft, and ^ in the 

weft: the mariner’s compafs under the 

globe will direct the fituation of thefe points, 

if the variation of the magnetic needle be 
attended to. 
1. ■ ,1 * f 

Note, At London the variation is be- 
1 • ‘ ' i 

tween 20 and 21 degrees from the north 

weft ward. 

Elevate the north pole of the globe, fo 

that 66 \ degrees on the ftrong brafs meri¬ 
dian may coincide with the furface of the 

broad paper circle, and this circle will then 

reprefent the plane of the ecliptic, as men- 
1 t 4, j ' » »* * * 

tioned in article 103. 

Set a fmall table or a ftool over the cen-* 
Xi* % r * > » , ' . , ‘ .. v x " k 

ter of the chalked circle to reprefent the 

fun, and place the terreftrial globe upon its 

circumference over the point parked 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 refpedt to the fun at the time 
of the fummer folftice about the 21 (l of June; 

1 T and 

1 
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and the earth’s axis, by this redlification 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 231- 

degrees ; a line or firing palling from the 

center of the imaginary fun to that of the 
globe, will reprefent a central folar ray con¬ 

necting the centers of the earth and fun: this 

ray will fall upon the firft point of Cancer, 

and defcribe that circle, fhewing it to be the 

fun’s place upon the terreftrial ecliptic, which 

is the fame as if the fun’s place, by extend¬ 

ing the firing, was referred to the oppolite 

fide of the chalked circle, here reprelenting 

the earth’s path in the heavens. 

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 pofiT 

lion of the earth is alfo in that plane; this 

can never happen hut at the times of the 

fblftice. 'm ■ sdt §n;. n v:,rArfc- 

If another plane be conceived to pafs 

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 fame plane will at the fame 

time fhew the obfcure hemifphere. 

The intelligent reader, for the ufe of his 

pupils, may realize this fecond plane by cut¬ 

ting away a femicircle from a fheet of card 
pafte-board, with a radius of about i i tenth 

of an inch greater than that of the globe 

itfelf, if this plane be applied to 66 i de¬ 

grees upon the flrong brafs meridian, it will 

be in the pole of the ecliptic; and in every 

lituation of the globe round the circum¬ 

ference of the chalked circle, it will afford 
a lively and lading idea of the annual and 

diurnal motion of the earth, of the various 

phenomena arifing from the parallelifm of 
the earth’s axis, and in particular the daily 

change of the fun’s declination, and the 

parallels thereby defcribed. 

Let the globe be removed from vs to as, 
and the needle pointing to the variation as 

before, will preferve the parallelifm of the 

earth’s axis y then it will be plain, that the 

firing or central folar ray will fail upon the 

firft point of Leo, fix figns diffant from, but 
oppolite to the fign upon which the globe 

, * ftands; 
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ftands: the central folar ray will now de- 

fcribe the 2,0th parallel of north declination, 
which will be about the 23d of July. 

If the globe be moved in this manner1 

from point to point round the circumference 

pf the chalked circle, and care be taken at 

every removal that the north end of the 
magnetic needle, when fettled, points to 

the degree of the variation, the north pole 

of the globe will be obferved to recede front 
the line connecting the centers 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 comes to Capri¬ 

corn again. 

PROBLEM XIL 
gf■ I ■ T i } : .i ■' + [ J ‘ j 4 •/‘*v»./ ; /■ i ^ 'is • ML-* *** V **:. f 

To redify 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 degrees of the 

given latitude, reckoned on the ftrong brals 

meridian under the elevated pole, cuts the 

plane of the broad paper circle; then this 

c . circle 
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circle .will reprefent the horizon of that 

place. Thus for London, elevate the North- 

pole till 510. 32'. on the ftrong brafs me¬ 
ridian, cut the broad paper circle, and the 

globe is re&ified. 

To rectify for the fun’s place. 

190. After the former rectification, bring 
the degrees of the fun’s place in the ecliptic 

line upon the globe to the ftrong brafs 

meridian, and fet the horary index to that 
Xllth hour upon the equator which is 

molt elevated. 
* . 4 i * ■ 

191. Or, if the funs place is to be 
retained, to anfwer various conclufions, 

bring the graduated edge of the move- 

able meridian to the degree of the fun’s 

place in the ecliptic, upon the celeftial 
globe, and Hide the wire which crofles the 
center of the artificial fun thereto: then 

bring its center, which the irtferfedion of 

the aforefaid wire, and graduated edge of 
the moveable meridian, under the ftrong 
brafs meridian as before, and fet the horary 

,■ *' •;/ 'i' IQ ELQt3*»v • 3ill ■ w 

index to that XII on thp equator which is 

moft elevated, 
■ t. Ww 4 1 *' ■ • ' i . • 

To 
v . K. (+ * V- m. 4 4 ♦ 1*% 4i*<u ft.', * M * 

t ^ km i q i * +* * ** ***** ' • 



To rectify for the zenith of any 

place. 
* ' ** y*tr\ ro£fiflX'r 5fi]t *1113 £I£IOO 

192. After the firft rectification, fcrew tho 

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 plane 
of the broad paper circle, and that point 

will reprefent the zenith of the place. 

Note, The zenith and nadir are the poles 
of the horizon, the former being a point 

diredly over our heads, and the latter, one 

diredly under our feet. 

193. If you are doubtful whether the 

proper point of the brafs meridian is cor¬ 

rectly cut* when fet by the eye, apply a card 
cut in the fhape of fig. 27. to the place, fiat 

upon the broad paper circle, and it will be 

truly adjufted. * 

If, when the globe is in this ftate, we look 

on the oppofite fide, the plane of the ho¬ 

rizon will cut the ftrong brafs meridian at 

the complement of the latitude, which is 

alfo the elevation of the equator above the 

' PRO B- 
* Sefe the advertifement at the end of the preface. 
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PROBLEM XIII. . 

To find the moon’s mean place upon 

the celeftial globe, her age and 

day of the month being known. 

194. The moon increafes her longitude 

in the ecliptic every day about 13 deg. jo 

min. by which means fhe erodes the meri- 

dian of any place about 50 minutes later 

than die did the preceding day. 

Thus if her place be in the 12th degree 

of Taurus any day at noon, it will be 25 

deg. 10 min. in Taurus on the fucceeding 

noon. 

It is new moon when the fun and moort 

have the fame longitude, or are in or near 

the fame point of the ecliptic. 

When they have oppofite longitudes, or 

are 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. 
* “> A .. 

Find the day of the new moon next pr.e->. 

n ceding the given day of the month in any' 

common 

f 
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common almanack, the number of daj^s 

elapfed is the moon's age. 

The equator on our new celeftial globe 

is divided by large dots into 29 \ equal parts, 

each of which is directed by a fhort dotted 

line, to a number marked in Roman fi¬ 

gures, expreffing the feverai 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 coincide 

with the broad paper circle; bring the firft 

point of Aries, marked V on the globe, 
to the day of the new moon on the faid 
broad paper circle, which anfwers to the 

fun’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 5 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 

and place in the ecliptic; firft note her place 

in the ecliptic upon the globe, and then 

counting p 
* The Nautical Almanack is the hefi: Englifh Ephe- 

Jneris extant. 
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counting fo many degrees amongft the pa¬ 

rallels in the zodiac* either above or below 
j \ \ » 

the ecliptic, as hev latitude Is north or fouth 

upon the given 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 firing of filk twifi is put* that 

it may flip backwards or forwards upon it. 

To one end c of this filk firing is tied 

a fmall piece of brafs dec with three 

holes, at d e c. 

The manner of putting it upon the globe 

Is this: firfi put the crefcent a b, on the 

firing; and the piece of brafs, by pafiing 

the firing through the two holes d, e, the 

firing being as yet left free. The two ends 

of the firing being loofe, pafs the end F 

round the north pole of the globe, in a 

groove made for that purpoie, and tie it 

into a loofe loop like F g, then put the other 

end of the firing G c round the fouth’jiole, 

dud tie it fafi to the hole af c : then by pull-’ 

ing the piece dec upwards, the firing m$y 

be- 
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be tightned on any part of the globe, and 

pufhing it downwards will flacken 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 

liars, on the celeftial globe. 

197. Find the fan’s place in the ecliptic* 

by problem 1. art. 98. and to that 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 xiii. 
1 - ,*». 1 * ' 

art. 194. and fet the center of the artificial 

moon upon .it. 

Reftify the globe to the latitude, fun’s 

place, and zenith, 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 ftarst 

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 fhews upon 

the equator the time of fun rifing. 

199. All thofe ftars which are then in the 

plane of the horizon on the eaftern fide, are 

at the fame 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 weft 

points of the horizon, is called the fun or 

ftars amplitude. 

200. And when the center of the arti¬ 

ficial moon comes 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 edge of the 

horizon are then rifing with her, whilft at 

the fame time all the ftars, cut by the 

weftern edge, are fetting. 

201.. That degree and minute of the 

equator which is cut by the plane of the 

horizon, at the fame time that the center of 

the artificial fun, moon, or any ftar, is alfo 

cut by the faid plane, is the very point of 

the equator, which rifes with either of them* 

and is called the fun, moon, or ftar’s oblique 

afcenfion. 

202. As 
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202. As the fun afcends in the heavens 

till it culminates* or comes Under the gra¬ 

duated fide of the ftrong brafs meridian, the 

horary index will fucceffively point to the 

hours before noon ? but when it is under 

it, the horary index points at XII o'clock?? 

and that degree and minute on the equator, 

which is then cut by the brafs meridian, is 

called 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 fame time, that degree of 

the brafs meridian, which is diredtly over 

the artificial fun, is his declination, art. 133. 

for that day. 

The fame is to be obferved of the moon 
% 

or any flat, as they afcend in the heavens, 

till they culminate or come under the meri¬ 

dian, the horary index conftantly pointing 

to the hour of the day or night? their 

right afcenfion and declination are alfo 

fhewn in the fame manner as that of the 

fun. 

204. While the fun defcends from the 

meridian weftward, the horary index fuc* 

ceffively fliews the hours after noon. 

I 2 And 
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And when the center of the artificial fun 

is in the plane of the horizon on the weftern 

fide, the horary index fhews the time of fun 

fetting, and that point of the equator which 

is then cut by the plane of the horizon, is 

.*:e point which fets with the fun, and is 

called his oblique defeenfion. 

205. The number of degrees on the 

equator contained between the points of his 

oblique afeenfion, and right afeenfion, or 

between the points of his right afeenfion 

and oblique defeenfion, is called his afeen-* 

lional difference. 

Obferve the fame with refpedt to the 

moon or any ftar: as they defeend from the 

meridian weftward, the horary index will 

fucceffively fhew the time of their arrival at 

any given point, their fetting, oblique de-* 

feenfion and afcenfional difference, in the 

farr>e 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 afeertained; 

and an artificial planet let thereto, in the 

manner in which we have directed the artf* 

ficial 
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ficial moon to be placed upon the globe, 

art. 196. or this lafi may occafionally re- 

prefent a planet. 

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

1769 new ftile, being the firft year after 

biffextile, the fun’s place will be 'ix, 27 deg. 

22 min. the moon’s place /, 18 deg. o min. 

her latitude north o deg. 30 min. The full 

moon about i of an hour pad VIII. o’clock 

in the morning * to which places, if the ar¬ 

tificial fun and moon be fet, a beginner 

may readily exercife himfelf in finding the 

proper anfwers agreeable to thefe data, by 

the directions in this problem. 

Parallels of altitude. 

206. The globe remaining rectified as in 

the lafi: problem, the uppermofi: point repre- 

fents a point in the heavens direCtly over our 

heads, which is called the zenith: and as 

the brafs quadrant is moveable about its up¬ 

per end as a center, wihen that center is 

fixed to the latitude of the place upon the 

ftrong brais meridian, it will be in the zenith, 

and the beginning of its graduations will 

coincide with the plane of the broad paper 

I 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 firft djvifion will defcribe the horizon, 
* *, * i • . t ' * , 

And, 
- ■' > * * o . * 

At the fame time, all its intermediate 

divifions will defcribe circles parallel to the 

horizon ; the point marked 1 o delcribes a 

parallel of iq 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, became they 

fhew the elevation of the iun, moon, ftars, 

or planets, above the plane of the hori¬ 

zon : 

And the divifions on the quadrant itfelf 

in each cafe reprefent the diltance 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 redtify it to the latitude and zenith, by 

problem 
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problem xii. art. 189, &c. bring the center 

of the artificial fun under the ftrong brafs 

meridian, and fet the 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 cut 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 fihew its meridian, 

or greateft altitude, for that day. 

If the fun be in the equator, his greateft 

or meridian altitude is equal to the elevation 

of the equator, which is always equal to the 

co-latitude of the place, or the difference of 

the latitude from 90 degrees. 

Azimuth or vertical circles* 

209. An azimuth circle in aftronomy, is 

the very fame as a circle of pofition in 

geography ; they being fecondaries to the 

horizon, or great circles paffing through the 

zenith of any place, and crofting the horizon 

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 fere wed to that 
point of the ftrong brafs meridian, which 

anfwers to the latitude of the place, and the 

place brought into the zenith. 

Suppofe at London, if you bring the 
divided edge of the quadrant to jo degrees 
on the inner edge of the broad paper circle, 

it will reprefent an azimuth circle of io de¬ 

grees ^ if you fet it to 20, it will reprefent 
an azimuth circle of 20 degrees y and fo of 

any other. 

If the quadrant of altitude be fet to o 

degree, that is either upon the eaft or weft 

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 fun, or 

any ftar. 

210. Re&ify 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, or to the center of 

any ftar, and it will crofs 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 weft points of the horizon^ is 

called the fun’s amplitude. 

COROLLARY. 
\ • -1, . i'i rn, X " ■■ 

To find the angle of pofition of 

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

Re&ify the globe to the latitude and 

zenith of one of the places, art. 189, 192. 
bring that place to the ftrong brafs 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 

only about 46 degrees north eafterly. 

Hence it is plain that the line of pofition, 

or azimuth, is not the fame 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, pafiing from one to the^ 

other, fo as to make equal angles with all 

the meridians it paffeth by; therefore if 

both places are fituated on the fame parallel 

of latitude, their bearing is either eaft or 

weft from each other; if they are upon the 

fame meridian, they bear north and fouth 

from one another; if they lie upon a romb- 

line, their bearing is the fame 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 

fhew the bearing fought. 

Thus the bearing of the Lizard Point 

from the ifland of Bermudas is nearly 

ENEj and that of Bermudas from the 

Lizard is W S W, both nearly upon the fame 

romb, but in contrary diredions. 

A parallel fphere 

213. Is that pofition of the globe, in which 

the poles are in the zenith and nadir, its axis 

at right angles to the equator and horizon, 

which coincide 5 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 

poles, and will have but one day and one 

night throughout the year; and the moon, 

during half her monthly courle, will never 

rife, and during the other half will never 

fet; all the fixed ftars, vifible to thofe peo¬ 

ple, will defcribe circles every day parallel 

to their horizon. 

A right 
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A right fphere 

314. Is that in which the inhabitants fee 

both poles in their horizon, the equator 

paffing through their zenith and nadir, and 

all the circles parallel to the equinodtial per¬ 

pendicular to their horizon. 

Thefe people live upon the terreftrial 

equator, confequently all the heavenly bo¬ 

dies will always rife and fet perpendicularly 

to them y and their days and nights will 

be of an equal length throughout the year* 

* 

An oblique fphere 

215. Hath one of the poles of the globe 

above, the other under the horizon; the 

equator in all the cales of this fphere is half 

above, and half below the horizon, and all 

its parallel circles cut the horizon obliquely. 

That arch of any parallel of declination 

in the celeftial, or of latitude in the ter¬ 

reftrial fphere that is above the horizon, is 

called the diurnal arch. And 

The retraining part of it, which is below 

the horizon, is called the nodturnai arch. 

Thefe 
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Thefe arches, with refpedt to the fan’s 

apparent motion, determine 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 poles and upon the equator. 

Of the twilight. 

That light which we have 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 becomes within j 8 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 wire 

circle will have the twilight, but it will be 

dark to all places below it. 

At the time of winter folflice, when the 

whole fpace 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; there be¬ 

ing only about 5! degrees round the pole 
that will be totally dark. 

We have here only confidered the twi¬ 

light refleded to us from the earth's atmo- 

lphere by the fun himfelf; befides which 

the body of the fun is always encompaffed 

with a fphere of light, which being of a 

larger circumference than the fun, muft 

rile before him, and fet after him; which 

confequently lengthens the twilight by illu¬ 

minating our air, when the fun is deprefled 

too low 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 from 

that light reflected by the atmofphere from 

the body of the fun > the like to which may 
be obferved in the- weft after fun-fet. 

To reprefent the earth’s enlightened 

difc by the terreftrial globe. 
• ^ — 

217. We have already {hewn how the 
earth's diurnal motion is reprefented by the 

motion of the terreftrial globe about its axis 
from 
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from weft to eaft 5 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- 
fideration, will be now employed to repre- 

fent a plane fuppofed to pafs through the 

center of the earth, perpendicular 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 all times of the year. 

In which cafe, the broad paper circle 
divides that half of the earth’s furface, 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, 

dire&ly over the terreftrial globe, and of the 

fame diameter $ from whence imagine an 

infinite number of parallel rays falling per¬ 

pendicularly downwards upon the upper 

furface of the globe, which here reprefents 

the illuminated hemifphere of the earth’s 

enlightened difc. 

Whence 

1 
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Whence it is plain, that the central folar 

ray is the only one which paffes 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; all other 

folar parallel rays will fall more and more 

oblique, as they are farther from the cen¬ 

tral ray, till their arrival at the edge of the 

enlightened difc, here reprefented by the 

inner edge of the broad paper circle, where 

they will become parallel to the horizons 

of all places then under the faid edge of 

the dife. 
] 

In one diurnal revolution of the earth* 

the central folar ray defcribes the parallel 

of the fun’s declination * or rather that pa¬ 

rallel, to the inhabitants of which the fun 

that day will pafs dire&ly vertical, or ovef* 

their heads. 

From this application of the terreftrial 

globe, we fee the natural caufe of the diffe¬ 

rent altitudes of the fun at different time$ 

of the day, and at different feafons of the 

year $ which arife from the earth’s daily 

rotative and progreflive motion, &c. 

When we view the globe in this pofition, 

we at once fee the fituation of all places in 

the 
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the illuminated hemifphere, whofef inhabi¬ 

tants enjoy the light of the day, while at 

the 

in's 
the 

wire circle, and -all below that, have total 

darknefs, when the moon does not ihine on 

them. 
^ ^ >. <’ ♦ • • r y ... * 

And by obferving the angles made by 

ihe 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 come to the oppofite part of the 

Earth's enlightened difc, 
t i. ■ w ' ' ■* ‘ 

PROBLEM XVII. 

To rectify 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- 

pofed in the zenith. 

219. On the backfide of the ftrong brafs 

tneridian, and on each fide of the north pole, 
K v are 

the fame time all thofe places , below 

broad paper circle, are deprived of the I 
light, and have only twilight fo far as 
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are graduated, in two concentric fpaces, the 
months and days of the year. 

, • it ■.. 

Bring the day of the month to coincide 
with the broad paper circle, and the terref- 

trial globe is re&ified. 

When the globe is thus rectified, that 
degree and minute upon the graduated fide 
of the brafs meridian, which is then cut 

by the plane of the broad paper circle, is 

the diftance of the lhade of extuberancy 

upon the earth’s dife, reckoned from the 

pole, and is equal to the fun’s declination 

for that day * and is therefore aifo 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 repre- 
fents the central folar ray deferibing the 

parallel of the day. 
> If now the globe be turned from weft 
to eaft, all thofe places which arrive at 

the weftern edge of the broad paper circle, 

tare pafiing out of the twilight into the fun’s 

light* and the fun then appears riling to 

all the inhabitants. 

At the fame time, if you look upon the 

eaftern edge of the broad paper circle, it 

will cut all thofe places which are * then 

•' * palling 
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t ■ m\ ? m, • " f • r r * 

paffing 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 brafs 

meridian {hews, at the fame time, all thofe 

places which have 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 {hew, as you 
turn the globe from weft to eaft, the pre- 

cife time of fun-rifingr fetting, &c. at that 

place* •: ’ 

The horary index will alfo {hew how 

long a place is moving from the weft to 

the eaft fide of the illuminated difc, here 

reprefented by the broad paper circle, and 
thence the length of the day and night; it 

will alfo point out the length of the twilight, 
by {hewing the time in which the place is 
paffing from the twilight circle to the edge 
of the difc on the weftern fide, or from the 

edge of the difc to that circle on the eaftern 

fide; and thereby determining the length of 

its whole artificial day. 

k 2 We 
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We flrall proceed to exemplify thefe par¬ 
ticulars at the tunes of equinox and folftice. 

» 1 f ** * 

P R O B L EM XVIII. 
r* - 'f ‘ \ r* r 

.. v 4 JL A ■ -> .7 \ Jl i | / J , 'j ^1 y I » J x; 

The time of equinox. 
< ■ < "C■ ‘ - 

220. The fun has no declination at.the 
times of equinox, confequently there muft 
be no elevation of the poles. 

Bring the day of the month on* the back- 

fide of the ftrong brafs circle, in which the 

fun enters the firft point of Aries or Libra, * 

into the plane of the broad paper circle, 

and then the two poles of the globe will be 

in that plane alfo s and all thofe circles which 

are parallel to the equator Will cut the plane 
of that broad circle at right angles, and the 

globe will then reprefent a right fphere. 

If you now turn the globe from weft to 
eaft, it will plainly appear, that all places 

upon its furface are twelve hours above the 

broad paper circle, and as many below it; 
which thews* that the nights are equal to the 

days to all the inhabitants of the earth ; that 

is, they are illuminated by the fun’s rays 

twelve hours: whence thefe are called the 

equinoctial feafons, two of which occur in 
every 
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every year ; the firft is the autumnal, the 

fecond the vernal, equinox. 

At thefe times the fun Appears to rife and 

fet at the fame inftant to all places in the 
fame meridian. 

But their twilight is longer as their fitua- 
tion is nearer to either pole 5 in fo much 

% # f , 

that within 18 degrees of the poles, 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 have only one hour 
and 12 minutes twilight ; fo that their arti¬ 

ficial day is about 14 h. 24 min. at thefe two 

feafbns of the year. 

Thus, if London and Mundford on the 
A O- * 

Gold Coafi, be brought to the ftrong brafs 

meridian, the graduated fide of which is in 

this cafe the horary index; (tho’ in other 

cafes the hour index is to be fet to that XII 
which is mod elevated 5) if then they be 
brought to the weft 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 

eaftern fide. 

K 3 Alfa, 
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Alfo, if London be turned from the weft 
towards the eaft, and the hour index be fet 

to Xtl as before, if you turn it till the ifland 

of Jamaica comes to the meridian, it will 
fhew, on the equator, the hour after noon 

at London, when it is. noon at Jamaica ; or 

that London pafles under the meridian about 

5 h. 4 min. before Jamaica arrives at it. 

PROBLEM XIX. 
7 •* * ( , « f \ • 

The fummer folftice. 

221. Reftify the globe to the extremity, 

of the divifions for the month of June, or 

to 23! degrees north declination; 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 have continual day. 

But all that fpace which is contained 

within the fouthern polar circle, will be at 

the fame time in the fhade, and have con¬ 

tinual night. 

222. In this pofition of the globe, we fee 

how the diurnal arches of the parallels of 
latitude decreafe, 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 mo ft elevated, 

and if that place be brought to the weftern 

fide of the broad paper circle, the hour in¬ 

dex will fhew the time of fun-rifing; and 
when moved to the eaftern edge, the index 

points to the time of fun-fetting; the length 

of the day is obtained by the time Ihewn by 

the horary index, while the globe is turned 

from the weft to the eaft fide of the illu¬ 

minated difc, ^ u 

Thus it will be found that at London the 

fun rifes about 15 minutes before IV in the 
morning, and fets about 1 c minutes after 

VIII at night. 
At the following places it will be nearly 

at the times expreffed. 
.■ ... ■ ■' 0 i. 

© Length Twi- 
■ ' ...■ Riling Setting, of Day. light. 

h. m. h. m-i b. ra. h. m. 
Cape Horn 8 44 3 16 6 32 2 35 
Cape of Good Hope 7 09 4 5* 9 41 1 43 
Rio de Janario in Brazil,^) • r\ 

near the tropic of Ca- S 6 - 42 5 19 JO - 38 1 23 
pricorn j 

The ifland of St.Thomas ) 
6 0 6 0 '12 O t 20 

at the equator J 
Cape Lucas, the fouther- 4 ’ 

moft point of Cali-( 
fornia, at the tropic^ 

5 12 6 48 '3 36 1 55 
of Cancer ) 1 

K 4 We 
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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, 
. r • , ! ■ , - 1 

Winter folftice. 
L . . v' - 5 . • v ,'*••••. • 114 * 

' ' /. #f " i ' . > • 

224. Redify the globe to the extremity 

of the divifions foj* the month of December, 
w" * S ' ' . ’ . ■ ■ » * »* 1 * - * * *■ '• 

or to 23! degrees fouth deplipaqon. 

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¬ 

tinual day $ • whilfl that of the northern po¬ 

lar circle is in the fhade, and h^s continual 
night. 

Then if the globe be turned as before, 

the horary index will fhew, that at the 

feveral places before mentioned, their days 

will be refpedively equal to what their 

nights 
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nights were at the time of the fummer 

folftice. 

It will appear to be fun-fetting at the 

time it was then fun-riling; and on the con¬ 

trary, fun-rifing at the time it then appeared 
to let. 

The terreflrial horizon, 

225. As has been defcribed art. 117, is 

a fmall brafs circle with one diameter that 

pafies through its center; its circumference 

is divided into eight parts, which are marked 

with the initial letters of the mariner’s com- 

pafs, the four cardinal points of the horizon 

being diftinguilhed from the reft ; 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 f^t to any par¬ 

ticular place, the fituation of any other places 

is feen with refpedl to that place ; that is, 

whether they be eaft, weft, north, or fouth; 

thus it reprefents the fenfible horizon. 

It will alfo Ihew, why the fun appears at 

different altitudes and azimuths, although 

he is fuppofed tp be always ir* the fame 

place. 
PROBLEM 
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PROBLEM XXI. 
t ..... 

The fun’s altitude, as obfervecj with 

a terreftrial or vifible horizon. 

226. The altitude of the fun is greater 

or lefs, according as one of the parallel right 

lines or rays, coming from the fun to us, is 

farther from, or nearer to, our horizon. 
* - * ' -1 * • / . ' i ’*1 ‘t '■* 

- Apply the terreftrial horizon to London, 

the fun being fuppofed in the zenith, or on 

the ceiling dire&ly over the globe. 

If then from London a line pafs verti¬ 

cally upwards, the fun will be ieen from 

London in that line. 

At fun-riling, when London is brought 

to the weft 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 weft towards the eaft, the horizon will 

recede from the line which paffes perpen¬ 

dicularly upwards ; for the line in which 

the fun was then feen, feems to glide far¬ 

ther and farther from the terreftrial horizon; 

that is, the fun's altitude increases as gra- 

T :T * ' dually 



Pl.ii *E> front pj*g 
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dually as that line declines from the ter- 

reftrial horizon. 
-■■ * • 1 & - • - ' i > ' 

When the horizon, and the line which « * 
goes from London vertically upwards, are 

arrived at the ftrong brafs meridian, the fun 

is then at his greateft or meridian altitude 

for that day \ then the line and horizon are 

at the largeft angle they can make that day 

with each other. 
*» r •;> 1 v • . • rv *■* r* \ < . • 

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. 
* ' ' ' •' ; > i • | ' V 

PROBLEM XXII. 
. ' t 

The fun’s meridian altitude at three 

different feafons. 

227. Re&ify the globe to the time of 

winter folftice, art. 224. and place the center 

of the vifible horizon on London. 
When 
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' 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. 
* r . , , * ' % 

228., If the globe be re&ified to the time 
1 ’ i T ‘ • 

of equinox, art. 2 20. the horizon will/be 

farther feparated .from the line which, goes 
• «• * p O 

vertically upwards, and makes a greater angle 

therewith, it being abopt 38degrees; this 

is the fun’s meridian altitude at the time of 
. ; ■ ■ ■ ;no jT 
equinox at London. ‘ ' 

- . fir- f • ■ j r-‘ *,rr - , i ^ » • - 4. . 
229. Again re&ify the globe to the fum- 

mer folfiice, art. 221. and you will find the 

vifible horizon recede farther from the line 

\vhich goes from London vertically upwards; 

and the angle it then makes with the hori¬ 

zon, is about 62 degrees, which fhews the 

fun’s meridian altitude at the time of the 

fummer folftice* „ 
fhy . * " • fr »r >> .. 

Hence flows the following arithmetical 

PROBLEM 
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PROBLE M-> XXIII. - 

To find the fun’s meridian altitude 

univerfally. 
* • ' ’ * r, r r .* 

230. Add r the fun’s declination to the 

elevation of the equator, if the latitude of 

the 'place and declination of the fun are both 

on the fame fide* : i; ncit ills. 

If on contrary fides, fubtradl the de¬ 

clination from the elevation of the equa¬ 

tor, and you obtain the fun's meridian ah* • i . . . . . • f ■ ;. ' 
titude. 

OH 
Thus, the elevation of the equator at? Q ^ 

London — , 
Sun’s declination May 20th 20 8 

l.L> i s 

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

}/8 36 

Again, to the elevation of the equator! nQ 
at London, fD ^ 

Add the fun’s greatef: declination atjf 
the time of the fummer folftice, 

Their fum is the fun’s greatefl meri-? ^ 
dian altitude at London $ 

Whence alfo flows another method, 

r *7 5/ 

To 

/ 
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To find the fun’s greateft and jeafl 

altitude univerfafljyv 
.* : ipji. 

231* Add the fiin’s declination to, and 

fubtradt it from the elevation of the equa¬ 

tor, their fum and difference .will be the 

fun’s meridian altitudes, when he hath the 

fame declination either north or fouth. 

Thus, to and from the elevation of 
the equator. 

Add and fubftradt the fun’s decli¬ 
nation. 

28 

8 

Their fum is the fun’s meridian alti-7 « r 
tude in fummer, ‘ 3 

Their difference his meridian altitude? o 
>18 20 

in winter, j 

having the fame declination one north, the 

other fouth* 

PROBLEM XLIY* 

The fun’s azimuth compared with 

the viiible horizon. 
,Lj.s . . s .. • • • 

232. Imagine the fun, as we have done 

before, to be painted on the ceiling diredtly 

over 
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over the globe, art. 218. and a line going 

vertically upwards towards the fun 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 muft alfo ob¬ 

serve, that that point of the terreftrial or 

vifible horizon, to which a vertical line is 

neareft, is always the moft elevated point. 

233. Rectify the globe to the pofition of 

a right fphere, art. 214. and apply the vifi¬ 

ble horizon to London. When London is 

at the weftern 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, fhews that the fun at his riling is 

due eaft. 

Turn the globe till London comes to the 

eaftern fide of the paper circle, then the 

weftern point of the vifible horizon will be 

moft elevated, and fhew that the fun fets 

due weft. 

If the globe be re&ified into the pofition 

of an oblique fphere, art. 215. and London 

be brought to the eaftern or weftern fide of 

the 

1 
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the broad paper circle, the vertical line will 

depart more or lefs from the eaft and .well 

points: in which cafes the fun is faid to 

have more or lefs amplitude either north 

or fouth, as this departure tends to either of 

thofe two cardinal points. 

As tlie globe is turned to any particular 

time of the day, we fhali have the fun s 

azimuth upon that point of the vifible hori¬ 

zon which is moft elevated $ and this will 

be the point wherein a line going towards the 

fun is neareft to a vertical line 5 thus, if a 

line going towards the fun, be neareft the 

fouth-eaft point, the fun is then faid to have 
45 degrees azimuth eaftward, that point 

being 45 degrees from the meridian. 
A • • • - ' 

234. In ail pontions of the globe in north 

latitude, when London is brought to the 

ftrong brafs meridian, the moft elevated 

point of the vilible horizon will always be 

the fouth point of it, which fhews that the 

fun, at all feafons of the year, will appear 

to the fouth of the terreftrial horizon in all 

places included in the northern temperate 

zone; but to the north of it at thofe places 

tvMhiu the fouthern temperate zone. 

-235. The 
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235. The ancient diftinftion of the 

different places on the earth, ac¬ 

cording to the diverhty of the fha- 

dows of upright bodies at noon. 

PROBLEM XXV. 
* V ( 

The afcii, Or thofe who On a certain 

day project no fhade at noon. 

• ’ . ;, . ’■ ■ dr; 
236. Rectify the globe by problem xix. 

art. 221. to the time of the fummer fol- 

ftice, and apply the terreflrial horizon to 

any place fituated on the tropic of Cancer, 

as Canton in China, and obferve the fun*s 

meridian altitude with it, by bringing its 

center under the ftrong brafs meridian, art, 

226. it will then appear, that a line going 

vertically upwards, will be perpendicular to 

it, confequently the fun will be at that 

time diredly over the heads of the inha¬ 

bitants of Canton, and projed no fhadow; 

therefore they are afcii, their ncon-diadow 

being diredly under them. 

At L 
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At all other times of the day, their fha- 

dow is projected, in the morning diredly 

weftward, and in the evening diredly eaft- 

ward. 
The fame thing will happen to all the 

inhabitants, who live between the tropic 

of Cancer and that of Capricorn, if the ter- 

reftrial horizon be gradually removed from 

parallel to parallel within thefe limits, and 

the globe redified according to the day of 

the month as before direded ; by bringing 

the fenfible horizon to the ftrong brafs me¬ 

ridian, to obferve the fun’s meridian alti- 4 

tude, we fhall find him appear to be 90 

degrees high, or vertical, at noon, to every 

place between the tropics; all 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 XXVI. 
r y ' 

Tlie inhabitants of all places be¬ 

tween the tropics of Cancer and 

Capricorn, are not only afcii, but 

amphifcii, whofe noon-fhadows 

are projected fometimes towards 

the north, at other times towards 

the fouth. 

•? i 4* 

237. Place the fenfible horizon orr the 

fequator, and reftify the globe to the time 

of the equinox, art. 220. at which time the 

equatorial inhabitants are afcii at noon, 

having the fun full eaft of them all the 

morning, and full weft all the afternoon. 

The eaftern point of the fenfible horizon 

will be always uppermoft, or moft elevated* 

as the globe is moved from weft to eaft* 

till it comes to the ftrong brafs meridian $ 

and after it has paffed this* the weftern 

point will be moft elevated. 

The fenfible horizon remaining on the 

equator, reftify the globe to the time of the 

fummer folftice, art. 22 r. and you will 

L 2 find 
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find the north point at noon will be mod: 

elevated 5 which plainly fhews, that the 
inhabitants of the equator will fee the fun 

full north at that feafofr, and that their • 

fhade will be projected fouthwards. 

238. If the globe be rectified to the win¬ 

ter foldice, art. 224. the fouth point will 

be mod elevated, and the inhabitants will 

fee the fiin on their f6uth fide, which will 
project their fhadows northwards. 

239. Heterofcii are thofe who live be¬ 
tween the tropics and polar circles, whofe 
noon-fhadows are projected one way only. 

Thofe in north latitude have their noon- 

fhadows projected northwards 5 the fun at 
that time being always in the fouth. 

And thofe in fouth latitude have their 
noon-tide fhadows projected 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 fhadow mud neceffarily 

go round them alfo. 

If the fenfible or terredrial horizon be 

applied to any of thefe places, and the globe 
rectified according to the preceding direc¬ 

tions, 
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tions, it will fhew, 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- arid other fhadows are 

caft. 

241. Antceci are tv/o oppofite nations, 

lying in or near the fame meridian, one of 

them in north, the other in fouth latitude i 

they have both the fame 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. Perioeci are two nations fituated on 

oppofite tides of the globe, in the fame pa¬ 

rallel of latitude, haying the fame feafons of 

the year, and oppofite hours of the day. 
,4 , ‘ 

Therefore their longitude mud differ 

180 degrees. 

243. Antipodes are two nations diame¬ 

trically oppofite, which have oppofite fqafons 
- »„ 

as well as oppofite hours. 

A ftraight line paffing from obe to the 

othet muff confequently pafs through the 

center, and therefore become a diameter 

of the globe. 

Their longitude and latitude are both 

oppofite. 

L 3 Thefe 
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Thefe are exemplified by redtifying the 

globe into the pofition of a right fphere, 

art. 220. and bringing the nations under 

confideration to the edge of the broad paper 

circle. Thus, 

The inhabitants of the eaflern parts of 

Chili are Antceci 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 fhall now proceed to exemplify the 

former precepts in a few particular pro¬ 

blems. 

PROBLEM XXVII. 

To find all thofe places on the globe, 

over whofe zenith the fun will 
^ i ; . • J. . i 

, pafs on any given day, 

244. Redtify the terreftrial globe, art. 

219. by bringing the given day of the 

month, pn the back fide of the firong brafs 

meridian, to coincide with the plane of the 

broad paper circle, and obferve the eleva¬ 

tion of the pole on the other fide y and that 

degree, counted from the equator on the 

flrong brafs meridian towards the elevated 

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 dire&ly vertical on the given day. 

Thus bring the 11 th day of May, into the 

plane of the broad paper circle, and the faid 

plane will cut 18 degrees for the elevation of 

the pole, which is equal to the funs decli¬ 

nation for that day $ 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 

{hall find that Amalagan, one of the Ladrone 

iflands, the northern part of Manilla, the 

middle of Siam, a great part of Africa, and 

St. Anthony one of the Cape Verd Ides, 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 

fun in their zenith on the 11 th of May, 

Hence when the fun’s declination is 

equal to the latitude of any place in the 

torrid zone, the fun will be vertical to thofe 

inhabitants that day. 

Hence alfo we derive the following 

L 4 PRO- 
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PROBLEM XXVIII. 

To find the fun’s declination, 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 fhew the parallel of the fun’s 

declination among the dotted lines, which is 

alfo the correfponding parallel of latitude; 

therefore all thofe places through which this 

parallel pafles, have the fun in their zenith 

at noon on the given day. 

Thus for the 27th of July the fun’s place 

is T 4° 5°'i find this on the ecliptic line 

upon the globe, where it will cut the 19th 

parallel from the equator. 

PROBLEM XXIX. 

To find thofe two days on which 

the fun will be vertical to any 

place between the tropics. 

246. That parallel of declination which 

paffes through the given place, will cut the 

ecliptic 
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ecliptic line upon the globe in two points, 

which denote the fun’s place, againft which, 

on the broad paper circle, are the d^ys an$l V 

months required. 
; i ' • 

\ y 4 , '■ . , 

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 nth day of May at 4 minutes 

paft V in the afternoon. 

Reftify the globe to the day of the 

month, art. 219. ^nd vqu have the fun’s 

declination 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 

paft V, then Port-Royal in Jamaica will be 

under the 18th degree of the ftrong brafs 

meridian, which is the place where the fun 

is vertical at that inftant. 

A PROBLEM 
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PROBLEM XXXI. 

The time of tlie day at any one 

place being given, to find all 

thole places in which the fun is 

then rifing, fetting on the me¬ 

ridian, and where he is vertical; 

likewife thofe places, in which it 

is midnight, twilight, and dark- 

night, at the fame inftant ; as 

well in 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 his depreflion in the obfcure, 

hemifphere, 

248. Redify the globe to the day of the 

month, art. 219. on the back fide of the 

ftrong hrafs meridian, and the fun’s decli¬ 

nation for that day, which is equal to the 

elevation of the pole, is given upon the gra¬ 

duated fide of the brafs meridian, by its co¬ 

incidence with the plane of the broad paper 
circle y 
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circle; bring the given place to the ftrong 

brafs meridian, and fet the horary index to 

XII, upon the equator, turn the globe from 

weft to eaft, until the horary index points 

to the given time. Then 

All thofe planets, which lie in the plane of 

the weftern fide of the broad paper circle, fee 

the fun rifing, and at the fame time thofe on 

the eaftern fide of it fee him fetting* 

It is then noon to all the inhabitants of 

thofe places under the upper haft of the gra¬ 

duated fide of the ftrong brafs meridian, 

whilft at the fame time thofe under the lower 

half have midnight. 

All thofe places, which are then between 

jthe upper furface of the broad paper circle, 

and the wire circle under it, are in the 

twilight \ which begins to all thofe places on 

the weftern fide that are immediately under 

the wire circle, to which it is the dawning 

of the day 5 its end is at all thofe places in 

the plane of the paper circle, on which the 

fun has juft begun to rife. 
2~-‘- ' ’ _ ’ ■ . 

The contrary happens on the eaftern fide $ 

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 all thofe places which are under the 

twilight wire circle have dark night, unlefs 

the moon is favourable to them. 

All places in the illuminated hemifphere 
have the fun’s altitude equal to their diftance 

from the edge of the enlightened difc, which 
is known by fixing the quadrant of altitude 
to the zenith, and laying its graduated edge 

over any particular place. 

The fun’s depreffion is obtained in the fame 

manner by fixing the center of the quadrant 

at the nadir, or that point which is diredtly 
under the obferver’s feet. 
r ) 4 • . • 

PROBLEM XXXII. 

To find the time of the fun’s rifing 

and fitting, the length of day and 

night, on any day in the year, in 

any place, whofe latitude lies 

between the polar circles, and alfo 

the length of the fhorteff day and 

night in any of thofe latitudes, and 

in what climate they are. 

249. Rectify 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 then 

bring its center under the drong 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 eadern part of the broad paper circle, 

which in this cafe reprefents the horizon, 

and the horary index fhews the time of 

the fun-rifing; turn the artificial fun to the 

wedern fide, and the horary index will fhew 

the time of fun-fetting. 

Double the time of fun-rifing is the length 

of the night, and the double of that of fun- 

fetting is the length of the day. 

Thus on the 5th day of June, the fan 

rifes at 3 h. 40 min. and fets at 8 h. 20 min. 

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 longed day at all places in north 

latitude, is when the fun is in the fird point 

of Cancer ; and 

The longed day to thofe in fouth lati¬ 

tude, is when the fun is in the fird point of 

Capricorn. 

Wherefore 
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Wherefore the globe being re&ified 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 mod elevated, on turning the globe frorri 

eaft to weft, until the artificial fun coincides 

with the weftern edge, the number of hours 

counted, which are pafled Over by the horary 

index3 is the length of the longeft day ; their 

complement to twenty-four hours gives the 

length of the fliorteft night. 

250. If twelve hours be fubftraded front 

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 5 this holds good 

for every climate between the polar circles. 

A climate is a fpace upon the furface of 

the earth, 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 

The 
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The climates are reckoned from the equa¬ 

tor to the polar circle, where the longed: 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 longed 

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 fun 

begins to fhine, the time he fhines 

conftantly, w^hen he begins to dif* 

appear, the length of his abfence, 

as well as the firft and laft day of 

his appearance to thofe inhabi¬ 

tants j the day of the month, or 

latitude of the place, being given d 

251. Bring the given day of the month 

on the back fide of the ftrong brafs meridian, 

to 

/ 
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to the plane of the broad paper circle, the fun 

is juft then beginning to fhine on all thole 

places which are in that parallel, juft touched 

by the edge of the broad paper circle ; and 

will for feveral days feem to fldm all around^ 

and but a little above the horizon, juft as 

it appears to us at its fetting; but with this 

obfervable difference, that whereas our fet¬ 

ting fun appears in one part of the horizon 

only, by them it is feen in every part there¬ 

of ; from weft to fouth, thence eaft to north, 

and fo to the weft again. 
* t X ' 

Or if the latitude was given, elevate the 
• \ ^ 

globe to that latitude, and on the back fide 

of the ftrong brafs meridian you obtain the 

day of the month, then all the other requi- 

fites are, anfwered as above. 
„ •V V > ' • * *» * ' 

As the two concentric fpaces, which con¬ 

tain the days of the month on the back fide 

of the ftrong brafs meridian, are graduated 

to fhew the oppofite days of the year, at 

180 degrees diftance; when the given day 

is brought to coincide with the broad paper 

circle, it fhews when the fun begins to fhine 

on that parallel, which is the firft day of its 

appearance above the horizon of that paral¬ 

lel : and the plane of the faid broad paper 

circle 
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circle cuts the .day of the. month on the op- 

pofite concentric fpace, when the fun begins 

to difappear to thofe inhabitants • thus thb 

length of the longefl day is obtained* by 

reckoning the number of days between the 

two oppofite days found as above 5 and their 

difference ffom 36^ days gives the length of 

tHeir longefl night. 

PROBLEM XXXlV. 

To find the length of any day in the 

year, in any latitude. 
' * I . ( ■ \ . * ■ ’ 1 {- ' . ■ I > < « > / ’ > j < ; 

252. Elevate the celeflial globe to the lati¬ 

tude, and fet the center of the artificial fun 

to His place upon the ecliptic line on the 

globe for the given day, and bring its center 

to the flrong brafs meridian; placing the 

horary index to that XII which is mofl ele¬ 

vated ; then turn the globe till the artificial 

fun cuts the eaftern edge of the horizort, 

and the horary index will fhew the time of 

fun-rihng; turn it to the weftern fide, and 

you obtain the hour of fun-fetting. 

The length of the day and night will be 

Attained, by doubling the time of fun-riffng 

and fetting, as before. 

M PROBLEM 
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PROBLEM XXXV. 
* * \ f . . 1 , 

f i'* /■ j.r*19 r i $ ■ j. *n’tift-.1 

To find the length of the longed and 

Ihorted 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 fhorteft day- 

on the firft point of Capricorn, then pro¬ 

ceed as in the laft problem. 

But if the place hath fouth latitude, the 

fun is in the firft point of Capricorn on their 

longeft day, and in the firft point of Cancer 

on their fhorteft day. 

Note, This problem is only to be ufed 

in inch latitudes as lie between the northern 

and fouthern polar circles. 

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. 

2 54. Set the artificial fun to the firft point 

of Cancer; bring its center to the ftrong 

brafe 

/ 
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brafs meridian, and fet the horary index to 

XII turn the globe till it points to half the 

number of the given hours and minutes 3 then 
elevate or deprefs the pole, till the artificial 

fun coincides with the horizon, and that 

felevatiori of the pole is the latitude required. 

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 dif¬ 

tance, which is reduced to geographical miles 

by reckoning 60 to a degree, or to Englifh 

miles by reckoning 69 \ to one degree. 

If both places lie under the fame meri-' 

dian, their difference of latitude is the dif¬ 

tance required. 

If they are in the fame parallel of latitude, 

their difference of longitude is nearly the 

diftance fought, “ provided the degrees of 

longitude be properly reduced to miles on 

the parallel on which they are meafured: 

for a degree of longitude is not 69!* Englifti 

miles any where but at the equator ; from 

which as the latitude decreafes towards either 

M z pole. 
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pole, it becomes .lefs and lefs till it va- 

nifhes into nothing at the poles themfelves, 

viz. in 90 degrees of north or fouth lati¬ 

tude — Wherefore the quadrant of altitude 

will be alfo ufed here, as this will (hew 

the diftance in degrees of a great circle, of 

which 69 miles and \ may be reckoned to 

a degree: and this is indeed the only me¬ 

thod of obtaining the true diftance, which 

ought to be meafured on the arch of a 

great circle, and not on any parallel of lati¬ 

tude, which muft be a lefler circle.” 

PROBLEM XXXVIII. 

To find all thole places which are 

at the fame diftance from a given 

place. 

256. Redtify the globe by problem XII, 

art. 189. and bring the given place to the 

ftrong brafs meridian* over whigh lcrew the 

center upon which the quadrant of altitude 

turns 5 now move the quadrant round, and 

all thofe places, that are cut by any one 

point on the quadrant, are equally diftant 

from the given place. 

• PROBLEM 
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PROBLEM XXXIX. 
_ *, ; - t j r J 5 * . 1 j t • j ft £ f ? I { v p 1 C* ^« 0 -A, - A J c . 

To fhew at one view upon the ter- 
reftrial globe for any given place, 

the fun’s meridian altitude, his 

ampli^de, or point of the com- 

pafs, on which he rifes and fets 

every day in the year, 

£57. Redtify the globe to the latitude of 

the given 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 zenith 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 declination for the whole 

year, cut by the graduated edge of the qua¬ 

drant of altitude, on the dotted parallels; 

thefe dotted parallels at the fame inftant alfo 

cut the edge of the broad paper circle now 

reprefenting the horizon, in the point of the 

qompafs 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 degree of de¬ 

clination throughout the year. 

'. - M3- if 
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If you trace any of thofe parallels to the; 

ecliptic line, you have the fun’s place when 

he is upon that declination, and thence the 

day and month upon the horizon. 

Alfo, the knowledge of the fun’s place 

in the ecliptic line, (hews the fun’s decli¬ 

nation for that time amongft die dotted 

parallels. 

PROBLEM XL. 

To fhew at one view upon the 

terreflrial globe the length of 
the days and nights at any par¬ 

ticular place, for all times <?f the 
year. 

258* Redtify 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 declina¬ 

tion, which are here alfo parallels of latitude, 

will reprefent the diurnal arches. 

Whence we may obtain the number of 

hours each of them contains, which is the 

folution of the problem. To illuftrate 

which, 

Elevate 
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Elevate the globe to the pofition of a 

right fphere, art. 214. and you will, with 

one glance of the eye, fee that all the dotted- 

parallels of declination, as Well as the equa¬ 

tor itfelf, are cut by the horizon into two 

equal parts. * 
« • • - > * 

Therefore the inhabitants on the equi¬ 

noctial line have their days and iiights twelve 

hours long y that is, the fun is never more 

nor ever lefs than twelve hours above their 

horizon, during his apparent paffage, from 

' the tropic of Cancer to the tropic of Capri¬ 

corn, and thetlce to Cancer again. 

All the fixed ftars have the fame appa¬ 

rent motion t-o the equatorial, inhabitants; 

that is, they rife and fet, continue above, 

and are depreffed below, the horizon of 

any place upon the equator, exactly 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 66-*- degrees- 

above the horizon : then the parallel of the 

fun's greateft declination will be as far from 

the equator as the place itfelf is from the 

pole ; and this parallel is the tropic of Can- 

M 4 1, cer5 
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cer, which will juft touch the horizon in 

the north point. 

And on the contrary we may obferve, 

that the foutfiern parallels of declination 
continually fhorten, as the northern ones 
lengthen, until they come to the tropic of 
Capricorn. 

(4 . r* 

Redify the globe to the latitude of Lon¬ 

don 51-I degrees north: when the fun is in 

the tropic of Cancer, the day is about 16^ 

hours a.s he recedes from thence, the days 
fhorten, as the length of the diurnal arches 

of the parallels fhortens, until the fun comes 

to Capricorn, and then the days are at the 
fhorteft, being of the fame length with the 

nights, when the fun was in Cancer, viz* 

about hours. 

Redify 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 fetting, being 
completely twenty - four hours above the 

horizon : and when he is in Capricorn, he 
once appears in the horizon, but does not 
rife for the fpace of twenty - four hours $ 

when he is upon any other parallel of de.- 

dination, the days are longer or fhorter, as 
that 
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that parallel is nearer to, or farther from, 

the equator. 
V 

Elevate the globe to the latitude of 80 

degrees north, at which time let the fun s 

declination 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 palled this parallel of 

declination. 
V • 

In the fame manner, when his declina- 

tion is 10 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 fame point. 

Elevate the north pole to 90 degrees, or 

in the zenith, then the globe will be in the 
pofition of a parallel fphere, (art. 210.) and 

t.he equinoctial line will coincide with the 
plane of the horizon: confequently all the 
northern parallels are above, and all the 

fouthern parallels below the horizon ; there¬ 

fore the polar inhabitants, if any there be, 

have but one day and one night throughout 

the year; their day, when the fun is in hfe 

northern; and their night, when he is in 

his fouthern declination. 
" ' * This 
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This method of redifying the globe for 

3101th latitude holds good in fouth latitude 

alfo, by elevating the fouth pole. 

PROBLEM XLI. 
.Vi, 

To find what conftellation any re¬ 

markable ftar, feen in the firma¬ 
ment, belongs to. 

7 O 

259. Bring the fun’s place in the ecliptic 

for that day to the ftrong brafs meridian, 

and fet the horary index to that XII which 

is moft elevated, the celeftial globe being 

redified 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, weftT 

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 direds towards 

that point in the heavens, in which the 

ftar you want to know is feen5 is the ftar 

required. 

At the fame time, by comparing the ftars 

in the heavens with thofe upon the globe, 

the 
/ 
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the other ftars and their conftellations rr*ay 

be ealily known; whereby you will be 

enabled, any ftar-light night, to point out 

many of thofe ftars called correlpondents to 

various places on the earth. 

PROBLEM XLII. 
< -i * - ** 

To find at what hour any known 

ftar pafles the meridian on any 

day in the year. 

260. Redtify 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 XII3 then turn the globe 

till the ftar comes .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 cut 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 pafies the meridian at any 

propofed hour of the night. 

26j. 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 cut 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 Iphere in 

the ftarry firmament. 

262. We fhall folve this problem for the 

time of the autumnal equinox; becaufe that 

interfedion of the equator and ecliptic will 

be diredly under the deprefled part of the 

meridian about midnight j and then the 

oppofite interfedion will be elevated above 

the horizon: and alfo becaufe our firft 

meridian 
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iheridian upon the terreftrial globe parting 

through London, and the firft point of Aries, 

when both globes are re&ified 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 fide of each of their meridians, we 
Ihall have the correfponding ^face of the 

heavens and the earth reprefented, as they 

are with relped 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 fhoulders of Serpen- 
tarius, and Sobiefki’s fhieid; it partes a little 

below the feet of Antinous, and thro’ thofe 

cf Capricorn, through the Sculptor’s frame, 

Eridanus, the ftar Rigel in Orion’s foot, 
the head of Monoceros, the crab, the head 

df the little lion, and lower part of the 

great bear. 

The meridian is then reprefented by the 

equinoctial colure, which partes through the 

ftar marked in the tail of the little bear, 
under 
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under the north pole, the pole ftar, one of 

the ftars in the back of Cafiiopea s Chair 

marked (3, the head of Andromeda; the 

bright ftar in the wing of Pegafas marked 

7, and the extremity of the tail of the 

whale. 

That part of the equator, which is then 

above the horizon, is diftinguiftied on the 

weftern fide by the northern part of So- 

biefki’s ftiield, the fhoulder of Antinous, 

the head and veflel of Aquarius, the belly 

of the weftern fifh in Pifces $ it pafles 

through the head of the whale, and a bright 

ftar marked $ in the corner of his mouth; 

and thence through the ftar marked £ id 

the belt 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, pafles through Cerberus, and the hand 

of Hercules, thence by the wTeftern fide of 

the conftellation Lyra, and through the 

dragon’s 
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dragon’s head and body, through the pole 

point under the polar ftar, to the eaft of 

Auriga, through the ftar marked v in the 

foot of Caftor, and through the hand and 

elbow of Orion. 

The northern polar circle, from that part 

of the meridian under the elevated cole, 

advancing towards the weft, pafies through 

the fhoulder of the great bear, thence a 

little to the north of the ftar marked « in 

the dragon’s tail, the great knot of the dra¬ 

gon, the middle of the body of Cepheus, 
the northern part of Cafllopea, and bale of 

her throne, through Camelopardalus, and 
the head of the great bear. 

The tropic of Cancer, from the weftern 

edge of the horizon, pafies 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 called 
Saad, marked (3 in Pegafus, under the head 

of Andromeda, and through the ftar mark¬ 
ed (p in the northern of the conftellation 

Pifces, above the bright ftar in the head of the 

ram marked «, through the Pleiades, between 

the horns of the bull, and through a group 

of ftars at the foot of Caftor, thence above 
a ftar 
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a ftar marked <?, between Caftor and Pollux, 

and fo through a. part of the conftellation 

Cancer, where it difappears by palling under 

the eaftern part of the horizon. 

The tropic of Capricorn, from the weftern 

fide of the horizon, paffes thro’ the belly, 

and under the tail of Capricorn,, thence 

under Aquarius, through a ftar in Eridanus 

marked c, thence under the belly of the 

whale, through the bafe of the chemical 

furnace* whence it goes under the harq 

at the feet of Orion, being there deprelfed 
f, ' „ V * ? 

under the horizon. 
« • . * *. ■ • k 

The fouthern polar circle is invifible to 

the inhabitants of London, by being under 

our horizon. 

t ' * . * i 

To find the time of the fun’s entry 

into the firft point of Libra or 

Aries; and thence that point inf 

the equator to which the fun is 

vertical at either of thofe times. 

263. This requires the knowledge of a 

meridian that ftiall pafs through that point 

in the equator, to which the fun is vertical 

at the times of equinox ; but as this point 

- is 
t ^ 
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is variable, a fixed meridian muft be firft 
obtained. 

In Anno Domini 1753, the late Rev, 
Dr. Bradley obferved the fun to enter 

Libra September 22d. ioh. 24 min. after¬ 
noon, new ftile, at the Royal Obfervatory 
at Greenwich. 

As the earth’s diurnal motion .is from 

tveft 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 pa{fed under the fun that day, he was 

not then arrived at the interfering point of 

the earth’s equator and celeftial ecliptic, but 

wanted 1 o h. 24 m. which is equal to 156 de¬ 

grees. See the table at the end of the book for 

converting time into parts of the equinoctial. 

Whence the fixed or firft meridian fought 

is thus obtained, and lies 10 h. 24 min. 
in time, or 156 equatorial degrees weft of 

the Royal Obfervatory at Greenwich. 

This meridian is marked by a dotted line 

on our new terreftrial globe; it pafles thro’ 

the great Pacific fea, and erodes one of the 

Ifles of St. Bernard, and the Ifle 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 

between the fun’s apparent paffage from 

one point of the ecliptic, until he returns to 

the fame point again, or from one equinox 

to the fame again, be it either vernal or 

autumnal. 

We take for our radix the autumnal 

equinox, anno 706 of the Julian period, 

which we call anno mundi o, and compute 

from Thurfday 061. 25th, o h. o min. or 

noon, the fun being then fuppofed 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 wed 

of Greenwich. 

And alfo in the meridian of Greenwich, 

061. 25th, 10 h. 24 m. upon the 298th 

day from the calends of January. 

The tropical year thus reckoned exceeds 

the Egyptian year by 5 h. 49 min. and is but 

n minutes fhort of the Julian year; fo 

much being annually allowed for the retro- 

ceflion of the equinox, confequently the 

mean length of a tropical year is 365 d. 5 In 

49* min. 
We are induced to meafure time by this 

quantity, becaufe adronomers unanimoufly 

agree,- 
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agree, that the earth paffes through all the 

figns of the ecliptic, fo as to complete the 

circle in 365 d. 5 h. 49 min. 
See the refpedive tables of Rudolphus, 

Tycho Brahe, Caffini, Sir Jonas More, 

Mr. Flamfted, Dr. Halley, Mr. Meyer, 

and Mr. Malkelyne 5 whereby it will appear 
that 

• 8 o 7 /f 

The fun3 s mean motion in 7 
365 days is 29 45 40 

in 6 hours 14 47 

1 0 0 0 27 

Subtrad, for retroceffion,7 \ 

the fun’s mean motion/ 
in 11 minutes of time, j 

27 

0 1 0 0 0 

d. i b. m. 
The quantity of one Julian 7 

year is, J 

from which fubtrad the} 

365 6 0 

1 r 
retroceffion ' j 

Therefore the remainder 365 5 49 
completes the circle, and not one fecond 

of time more or lefs can be produced from 

any tables extant. 

N 2 And 
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And the difference between calculating 
downwards from the epoch A. J. P. 706, 

and calculating backwards' in the modem 

pradice, from the various epochs in the 
moft celebrated tables, is, that in thofe laft 

epochs, the 11 minutes of retroceftion have 
not been confidered. 

From the vernal to the au- 7 d- h- m. 
tumnal equinox ji86 11 51 

From the autumnal to the 
vernal equinox 

36S 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 equinoctial 

interfeClion changes its meridian weftward 
of that in which it fell the year before, juft 

87 deg. 15 min* 

Precepts for the ufe of the tables 

of retroceflion and autumnal 

equinoxes. 

264. Firft, Find the number of years 

from the radix: If the given year is be¬ 

fore 

} 17 58 
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fore the Chriftian Mra, fubtradt it from 

4008; the remainder is the year from the 

radix. 

Secondly, If any year fince the Chriftian 

iEra be given, add it to 4007, their fum is 

the year from the radix. 

Thirdly, Colledt the days,* hours, and 

minutes of retroceflion, and autumnal equi¬ 

noxes from the table, aacording to the 

number of years from the radix, in thou- 

fands, hundreds, tens, and units 5 add thefe 

into two fums, the firft will be the retro** 

ceflion, the fecond the time of the equinox 

in that meridian which lies 156 degrees 

weft of Greenwich Obfervatory; to which 

add 10 h. 24 m. and you obtain the time at 

Greenwich. 

This method will ferve for any other 

meridian alfo, if you add its difference in 

time from the fixed meridian. 

Solar tropical years thus reckoned begin 

and end at the autumnal equinox, and all 

Julian years begin and end at the kalends 

of January *. 

N 3 In 

* The kalends of January begin from the nooti 

of the preceding day j that is, from the noon of the 

day before the firft day of January. 
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In comparing folar tropical years with 

Julian years, by which we ftill compute 

time, obferve, that the laft nine mouths 
• V ^ * * t 

of any folar tropical year anfwer to the firft 

nine months of that Julian year with which 

it is compared $ and that the firft three 

months of the next fucceeding tropical year 

anfwer to the three laft months of that fame 

Julian year with which it is compared. 

The 298th day from the kalends of Ja¬ 

nuary, which was Thurfday in the 706th 

year of the Julian period, the fun entered 

Libra at noon ; at which inftant it was 10 h. 

24 min. paft noon at Greenwich. 

In all calculations of autumnal equinoxes, 

we take the fame 298th day, or October 

25th in the radical year o, for our epoch. 

And to gain the day of the month in 

which the equinox muft happen fince the 

radix, 

Add the number of days, hours, and 

minutes in the retroceffion, 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 

tropical redu&ion, and from their fum fub- 
traft 
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tract the entire days of the Julian reduc¬ 

tion, the remainder is the number of days 

from the kalends of January old ftile ; 

add thereto eleven days, and you obtain the 

number of days from the laid kalends of 

January new ftile; from which if you deduct 

the neareft lefs number in the table of 

months (which numbers exprefs the 1 aft- 

days of each month) the refidue is the day 

of the fucceeding month. 

But when the fum of the Julian reduc¬ 

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 fubtra&ion is made. 

When there are no hours in the Julian 

redu&ion, that is the firft year after a biflfex- 

tile; if fix hours, the fecond; if twelve 

hours, the third ; and when eighteen hours 

above entire days, it is the biflextile year. 

And when the laft refult exceeds 12 

hours, add 1 to the days, and fubtradt 12 

from the hours, and you change the time 

froth aftronomical to the civil reckoning. 

To gain the time of the equinox on any 

other meridian, add the difference of meri¬ 

dians to the time found in the firft m.eri- 

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 fee. for Alexandria in Egypt 12 h. 

25 min. &c. 

To gain the week-day. 

265. Divide the days of the tropical re¬ 

duction by 7; if o remains, it is Thurfday; 

if 1, Friday; 2, Saturday5 and 3, Sunday; 

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 fame year in which the vernal equinox 

is required; and from it fubtradl 186 d. 

11 h. 51 min. which is the diftance in time 

from Aries to Libra; their difference will be 

the time of the vernal equinox required. 

The day of the month, and week-day 

found as above, we obtain the literal cha- 
■ 1 1 * 

radter for that day as follows. 

In the table of months ftand the literal 
4 ‘ . ' 

chara&ers, that are placed againft the firft 

s day 
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day of each month in any common al¬ 

manack. 

And whatever letter ftands againfl the 

firft day of any month, the 8th, 15, 22d, 

and 29th days of that month, are all cha- 

raCterifed with the fame. 

A circle of the 7 literal, or week-day 

characters. 

The day of the month and week-day 

given, to find its literal character 

and dominical letter for that year, 

267. A. D. 1772, the autumnal equinox 

will happen at Greenwich, September 2 2d, 

o h. 55 min. on a Tuefday. 

Qu ere, The literal character for that day 

and dominical letters for that year, it being 

biflextile ? 
The 



I 
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The literal character for the ift of Sep¬ 

tember is F $ fo alfo is the 2 2d, and Tuefday 

in the prefent queftion. Look on the circle 

of week-day characters, call F Tuefday, 

G Wednefday, A Thurfday, and fo on to 

Sunday which falls upon D, the laft of the 

two dominical letters for that year, ferving 

from the intercalary day to the year’s end. 

The fir ft dominical letter for leap-years is 

the next in the circle, and ferves for January 

and February, 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 yean 

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. 

20th day of March, A. D. 1772 ? 

The literal character for the 1 ft of March 

is D, fo is the 15th and the 20th, being 5 

days more, if we count from D, which 

happens to be the dominical letter, to E 

Monday the 16th, we fhall find B is Friday 

the 20th day of March, A. D. 1772, new 

ftile. 

^ ' • If 
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If the dominical letters were required 

for old ftile, in thefe examples the firft 

would be the 11th of September 1772, 

whofe literal character is thus found, F the 

1 ft day of September, and alfo the 8th, 

G the 9th, A the 10th, and B the nth, 

and by the following calculus Tuefday, 

therefore A C are the dominical letters old 

ftile, A. D. 1772. 

268. Re- 

l 
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268. Required the autumnal equinox at 
Alexandria in Egypt, in the 146th year'be- 

fore the Chriftian JEra„ 

4008 
146 

A. M. 3862 or years from the radix, 0£t. 25, A. J. P. 706. 

Retroceflion. Tropical redu&ion. 
adix d. h. min. days a radix h. min 
3000 22 22 0 I095727 2 0 

800 6 2 40 292193 21 20 
60 0 11 0 21914 13 0 

2 0 0 22 73° 11 38 

29 12 2 
9 1 

7)1410565 23 58 

Tropical days 565 
epoch 29S 

863 
Julian days—595 

268 
for Augufl — 243 

weeks 2015094-2 Saturday. 

d. h. min. 
tropical time 1410565 23 58 
retro cefiion + 2912 2 

Julian redu&iop. 1410595 12 o 
the 3d year after 
bifiextile. 

Sept. 2,5 d. h. min. 
a kal, Jan. 268 23 58 fixed meridian, 
meridian did;. 4- 12 25 

/ \ K 

On a Sunday, dominical letter C, in the 147th. 

year before the Chriftian /Era, 

269. To 
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269. To find the time of the vernal 

eqdfnox in the fame year, and at the fame 

place. 

From the autumnal equinox. Sept. 26, a 
kal. Jan. 

fubftratt the diftance in time between V 
and zz 

h. min. 

\l 23 

11 

83 11 32 
for February 59 

The fun in the ift point of Aries at Alexan-1 
dria before Chrift 146 years, March y^ 0 3 2 

270. To find the time of the autumnal 

equinox at Greenwich, A. D. 1768. 

4°°7 
-f-1768 

A. M. 5775 or years from the radix 

Retroce/fton. Tropical reduction, 
days a radix h. min. radix d. h. min. 

5000 38 4 40 1826211 19 20 
•700 5 8 20 255669 15 40 

7° 0 12 5° 25566 23 10 

5 0 0 55 1826 5 5 

44 2 45 7)2109274 15 15 

weeks 3013 24-{-6 Wednefday, 

Tropical 
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Tropical days 274 tropical time 2109274 15 13 
epoch f 298 retroceffion -f- 44. '^45 

■ ■ ,wm mm • -  . ————> 

572 2109318 18 6 
Jul.days-J-i—319 becaufe of the iSh. bilTextile year. 

253 a kal. jan. old ftile 
for new ftile-j- 11 days 

264 d kal. Jan. new ftile 
for Auguft — 243 

; I 

0 in zz Sept. 21 , , d. h. min, 
in the fixed meridian i kal. J^n. 264 13 13 

meridian diftance -}- 0 10 24 

the fun in the iffc point of Libra at Green- 7 r 

Wich, Sept. 22, J 1 59 

271. To find the time of the vernal equi¬ 

nox, A. D. 1768. 

d. h. min^ 
From the autumnal equinox, Sept. 22, 265 1 39 

fubftrafct dift. T a ez 186 11 51 

*9 

78 13 48 

for Feb. 59 o 6 

' 1 v •• ' Lt .«« ■' < J-. 

The fun in Aries at Greenwich, A. D. 1768, 
March 

|i9 13 48 

\ 1 
2 272. Having 
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* 

272. Having found the autumnal and 
vernal equinoxes for the bilfextile year, A. D. 
1768, we obtain them for the three fol¬ 
lowing years by continually adding thereto 

5 h. 49 min. thus: 

Q in T d. h. min. 0 in ^ <1. h. m. 
176b’, March 19, 78 13 48 - 1768, Sept. 22, 265 1 39 

+ 5 49 + 5 49 
mi- 111 »*i ^ ■ -1 .u 

1769, March 19, 78 19 37 - 1769, Sept. 22, 265 7 28 

+ 5 49 ~h 5 49 

1770, March 20, 79 1 26 - 1770, Sept. 22, 265 13 17 

"b 5 49 ' -h 5 49 

1771, March 20, 79 7 15 - 1771, Sept. 22, 265 19 6 

273. Required the time of the autumnal 

equinox at Greenwich, A. D. 1772. 

40°? 
1772 

A. D. 5779, or years from the radix. 

Retroceffion. 
Years a radix d. h. min. 

3000 38 4 40 

700 5 8 20 

70 o 12 50 

9 o 1 39 

44 3 29 

Tropical reduction, 
days a radix h. min. 

^826211 19 20 

255669 15 40 

25566 23 10 

3287 4 21 

7)2110735 14 31 

weeks 301533+4 Monday. 

Tropical 
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Tropical days 735 to the tropical time 2110735 14 31 
epoch -{- 298 retroceffion -f- 44 3 2^ 

i°33 : , 2140779 18 o 
)ul days-{-i—>780 becaufe of the 18 h. biffextile year 

253 a kal. Jan. old llile 
for new ftile 4- u days 

264 a kal. Jan. new file 
for Auguft — 543 

0inLibraSept, 21 d. h. m. 
in the fixed meridian a kal. Jan. 264 14 31 

meridian diftance-j- o 10 24 

The fun in the frit point of Libra at ) >» 
Greenwich, Sept. 22 . - £ 2 ^ 0 55 

On a Tuefday : Dominical letters E D. 

274. To obtain the vernal equinox, 

A. D. 1772. ' >- 
- t 

v d. h. min. 
From the autumnal equinox, Sept. 22, 7 

a kal. Jan. ) ^ 0 ^ 

diftance from Aries to Libra 186 11 51 

78 13 4 
for February 59 

Xhe fun in the firfl point of Aries at 7 
Greenwich, Mar. 3 19 *3 4 

We find the two equinoxes in the three 

next fucceeding common years, as in the 
preceding example, by the continual addi¬ 

tion of 5 hours, 49 minutes. 
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By this method of calculation, we avoid 

any miftake that might happen with refpedt 

to the intercalary day; becaufe we find the 
autumnal equinox firft, and thence the verbal 
equinox, which always falls after the inter¬ 

calary day, and alfo becaufe tropical time has 
no biflextile years; 

^ r - i\ { 

To reduce hours, minutes, and 

feconds of time, into degrees, „ ? - O ? 

minutes, and feconds of the 
j \ t ) J ■ ■ ■ ( ' 

equator* 

275. Divide the feconds of time by 4, 
the quotient is minutes, and remainder fo 

many times 15 feconds. 

Divide the minutes by 4, the quotient is 

degrees, and remainder io many times 15 

minutes. 

Multiply the hours by 15, the pfodudt * 

is degrees. 

i * vs 

O Example 
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Example. 
. > ~ . Y /. ' 5 ; ' v ■ ♦ ! f. 1 t J } < i I .4 - 4. I i \a' A > ' * ■ v{ -> * 4 1 * * • 

Reduce n h. 35;min. 27 fee. of time 

into degrees, minutes, &c. of the equator. 

fee. min. h. deg. min. fee. 
4'27 4)35 11 i65 0 o 

— — 15 8 45 o 
6' 45" 8« 45' -- o 6 45 

165® --- 
anfwer 173 51 45 

f . rr ^ . • v .* ./; H > J j. t J » 
r- * £ 1 f 

» * , >. I ■ 

To reduce degrees, minutes, and fe- 

conds of the equator, into hours, 

minutes, and feconds of time. 

> * i* •*- * * *• * f'T 

276. Divide feconds by 15, the quotient 
is feconds, and remainder fo many-times 

4 thirds. V 

Divide minutes by 15, the quotient is 
minutes, and remainder fo many times 4 
feconds. 

Divide the degrees by 15, the quotient is 

hours, and remainder fo many times 4 
minutes. 

Example, 
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* fS > > • • t t **1 . /*■ v <• • t , ' ' . . •- . 

Example, v 

Reduce 173 deg. 51 min. 45 fee. of the 

equator into hours, minutes, and feconds of 

time. 

fee. min. deg. h. h. min. fee. 

*5)45(3'' I5)5*(3' 15)I73(11 32 o 
45 45 *S 03 H 
— — — 003 

o 6=24" 23 « ■■■— 
15 ii 35 27 anfvver; 

8=3 2' 
v? J 

. . 

We are now prepared to folve the lat¬ 

ter part of the laft problem, which is as 

follows. 

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 24th, 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 let the horary index to XII upon the 
equator, turn the globe from weft to ealj- 

until 32 minutes of time, or 8 degrees of 

the equator have pafied under the horary 

index, where flop the globe3 then all thofe 

pSaces 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 interfering point of the equator and 
ecliptic, or that terreftrial meridian, which 

governs the paflage of the firft point of 
Aries for .that year. 

The 
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The vernal equinox, A. D. 1772, 

will fall on the 19th day of 

March, at 13 h. 4 min. which 

reduced to the degrees and mi¬ 

nutes of the equator, is equal to 

196 degrees. 
1 . 4 , ^ Jr | l .. . _.• / 

278. Bring London to the ftrong brafs 

meridian, and fet the horary index to XII, 

(in this cafe the graduated fide is the ho¬ 
rary index) turn the globe from weft to 

eaft until 13 h. 4 min. of time, or 196 de¬ 

grees of the equator have pafled under the 
horary index, where flop the globe the 

196th degree of the equator wiil now be 
found under the graduated fide of the brafs 

meridian, and is that point on which the lun 
will be vertical at noon; at which inftant 

it will be 13 h. 4 min. part noon at London 
or Greenwich. 

The meridian palling through this point’, 

will be feen to pafs a little eaftward of 

Kamkatlka through the Pacific Sea acrofs 
the illand Dicerta, thence eaft of the ifle 
Taumago, and through the weftefli part of 

O 3 New 



198 jDefcription and Ufe of the 

New Zeland; all which places will have 

noon at the inftant of that vernal equinox. 

The autumnal equinox, A. D. 1772, 

will happen September 22j oh. 

55 min. at London, the 55 min. 
being equal to 13 deg. 4 5 min. 

of the equator. 
' i *4 - - , 

\ . ‘‘ • 4 '.V \ - 

279. Bring London to the graduated fide 
,* 1 . • j . ’ > 

of the ftrong brafs meridian, and fet the 

horary index to XII, turn the globe from 

weft to eaft, until 55 minutes of time, or 

13 deg. 45 min. of the equator have pafled 
under the horary index, where flop the 

globe 5 here, as in the laft example, the 13 th 
degree and 45th minute is that point upon 

the equator to which the fun is vertical, 

and the meridian pafling through this point, 
lies under the graduated fide of the ftrong 

brafs meridian; which pafles over the mid¬ 

dle of Greenland, and through the Atlantic 

Ocean to the eaft of Teneriffe, a little to the 

weft of Afcenfion Ifland, and thence through 

the Ethiopia Ocean, at which places it will 

be noon at the time of this autumnal equinox. 

Here 
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Here it will be proper to give the reader 

a fihort account 

• t ' > ( • \J 1 { i • ‘ C l ■ \ c* ' • • > • V 

* \ “ 4 > ' # • 

Of the natural agreement between 

the celeftial and terreftrial fpheres j 

or, How to gain a perfedt idea of 

the fituation and diftance of all 

places upon the earth, by the fun 

and ftars. 
I N J r 

280. That part of the firmament, which 
is in the zenith of London, is perpendicular 

to half the globe of the earth y which half 

comprehends almoft all the habitable land 
of Europe, Afia, Africa, and America, with 

their coafts, capes, land, and feas 5 fince 

under the other celeftial hemifphere, which 

we do not fee at the fame time, there are 
only very inconfiderable lands and ifles. 

The inhabitants of Great Britain and Ire¬ 

land nearly fee the fame half of the firma¬ 
ment adorned with ftars and planets, which 

at all times fupply the place of an immenfe 

map of the world y and ihew our terreftrial 

hemifphere by the ftars, conveying the cor- 

O 4 relpondent 
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refpondent marks of the two continents to 

our fight and mind. 

The fun, by his apparent daily motion, 

feems to deferibe a kind of fpiral, in paffing 

from one tropic to the other and back again, 

continually changing his declination, and 

every day deferibing 4 different parallel, 

art. 171. 

Forty-feven of thefe diurnal parallels are 

drawn on our new terreftrial globe, art. 177, 

178. between the tropics of cancer and capri¬ 

corn, reprefenting the parallels for e.very de¬ 

gree of the fun's declination. 

Before the reader proceeds, he is defired 

in order to be perfectly acquainted with the 

caule of the daily change in the fun's decli¬ 

nation, to go back to art. 185, and read from 

thence to the 189th art. 

Which being done, it will be eafy to 

conceive, that the fun being in any one of 

thefe parallels, muft neceffarily call his per¬ 

pendicular rays that day upon the heads of 

the inhabitants of thofe places through which 

that parallel of declination paffes. 

Note, Although thefe 47 parallels are 

here called parallels of declination, they are 

alfo 
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alio parallels of latitude upon the terreftrial 

globe. 

From thefe principles we obtain the fi¬ 

liation 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- 

lerver, from whence looking at the fun, we 
may pronounce him to be over the heads of 
the inhabitants of divers cities and ftates, 

during the feveral hours of that day, and fo 

on fpj every day in the year. 

The fun being perpendicularly over any 

one of thefe diftant cities or principalities, 

at the time of our obfervation, if a plumb- 

line be held up between the obferver and 

the fun, fo as to pafs through or before 

the fun’s center, it will cut the vifible 

horizon in a point, that will fix the bearing* 

or paffage in a right line from the oblerver 

to that place, upon which the fun is then 
vertical. 

A point thus noted upon the vifible ho¬ 

rizon may be feen at all times, and repre- 

fent the fame bearing, independent of the 

fun and flars, and that in fach a confpicuous 

manner as to render this knowledge always 
. entertaining, ufeful, and interefting. 

The 
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The ftars at night perform the fame more 

copioufly, by pointing out; to out fenfes the 

diftance of many remote provinces, at one 

and the fame inftant of time, from our own 

zenith. 
►* y u. 

Hence we are in pofleffion of a moft 

extenfive field, wherein we may correct and 

improve our aftronomical and geographical 

knowledge. 

Examples of folar qorrelpondents. 

PROBLEM XLVI. 
* i ' v ; . 

To find the folar correlpondence 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 1 oth day of March, 

at 10 minutes pad XI o'clock in the 

morning. 
Queue, 
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Quere, The place upon which the fun 

will be vertical at that time ? 

Re&ify the globe, by bringing the 10th 

of March, engraved on the back of the 

(Irong brafs meridian, to the plane of the 

broad paper circle; find the fun’s place, 

againft the day of the month in the kalen- 

dar, which will be about 20 deg. 10 min. 

in Pifces; feek thefe degrees and minutes 
in the fign Pifces upon the ecliptic line on 
the globe, and you will find it fall upon 

the fourth parallel of fouth declination : to 

all the inhabitants on this parallel, the fun 

will be vertical that day. Now bring 11 h. 

10 min. on the equator to the graduated 
fide of the firong brafs meridian, and you 

will find it cut the fourth fouthern parallel 

upon the city of Loango, on the weftern 

coaft of Africa. 

Therefore if you look at the fun 10 mi¬ 

nutes pad XI in the morning at London, 
you will then fee him at the inftant he is 

dire&ly over the heads of the inhabitants of 

the city of Loango in Africa, at the fame 
time, your ideas are made fenfibie of the 

comparative diftance, which you fee in the 
firmament between the zenith of London, 
i 1 . x . . - * - • - - » - .... 

under 
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under which you ftand, and the fun, which 

is then in the zenith of Loango; alfo if at 

the time 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 the mod diftant part of your 

fenfible horizon, the plumb-line will cut 

a point thereon, which, if remembered, will 

always fhew you the true bearing or point 

of the compafs, in a diredl 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 -9 ferew the nut of the 

quadrant of altitude in the zenith, that is, 

upon 51 deg. 32 min. counted from the 

equator towards the elevated pole, bring 

London under that point, and lay the gra¬ 

duated edge of the quadrant upon Loango, 

which will cut the bearing 15 degrees, 

reckoned from the fouth towards the eafl, 

or between the points SSE and SbE •> now 

feparate the quadrant from the globe, and 

lay its graduated edge upon Loango and 

London, fo that the beginning of the gra¬ 

duation may lie upon one of the places, then 
the 
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the other will cut 56 degrees, which is 
equal to 3360 geographical miles, or 3892 
Englilh miles, the diftance between London 

and Loango. 

To elucidate this example, wre (hall trace 

the fun’s verticity over that part of this day’s 
parallel of declination, which is included 

between the rifing and fetting fun at Lon¬ 

don for that day. 

Imagine, as we have before fuppofed, an 

image of the fun to be painted upon the 

deling of the room, diredly over the ter- 

reftrial globe. 

Let the globe be rectified to the 10th 

of March, place the center of the artificial 

horizon upon London, and bring it into a 

coincidence with the weft fide of the plane of 

the broad paper circle, now reprefenting the 

edge of the earth’s illuminated difc; we 

fhall then have the pofition of the earth 

with refpedt to the fun for that day; when 

the inhabitants of London will be leaving 

the twilight, and paffing into the firft point 

of day, %r fun-rifing, at about 18 minutes 

pafl; VI in the morning, cut by the gra¬ 

duated fide of the ftrong brafs meridian on 

the hour line under the equator; at this 

time. 

\ 
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time, the meridian will likewife crofs the 
fourth parallel of fouth declination, in the 

Indian Ocean, between the ifland of Sumatra 

and the Maidive Illes; if we look upon the 

fun that morning at the inftant of his riling, 

we fhall fee that his diftance from our zenith 
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 cut the ille Macarenhas, to 

which the fun will then be perpendicular- 

at \ paft IX he will be perpendicular to the 

coaft of Zanguebar, his central ray palling 

between Monibacca and Pemba ; thence it 

pafles over the kingdoms of Monomugi, 

Macoco, Congo, &c. until he is perpen¬ 

dicular to the city of Loango, upon the 

weftern coaft of Africa, at 11 h. 10 min. the 

fame morning; immediately after which, 

his perpendicular rays are abforbed in the 

Ethiopic Ocean, over which he is 3 h. 

22 min. in palling to Fort St. Lucar, on 
the eaftern coaft of America, at 32 minutes 

» V paft 
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paft II in the afternoon 5 thence he proceeds 

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 decline of our evening, until his arrival 

over Cape Blanco on the weftern £de of' 
South America, a little before he fets to the 

inhabitants of London, which is about 40 

minutes paft V o’clock. 

Example II. 

282. Every re&ification being obferved 

as in the firft example ; Q. What is the place 

upon which the fun is a_correfpondent at 

48 minutes paft VI in the evening of the 
18th of May, the fun’s place being about 
17 deg. 40 min. in Taurus, or nearly vertical 
to the 17th parallel of north declination on 

that day ? Turn the globe from weft to eaft, 

until London has pafled the ftrong brafs 

meridian, and flop when its graduated fide 
is dire&ly over 6 h. 48 min. afternoon, and 

it will cut the 17th parallel of north de¬ 

clination, the city of Acapulco on the 

weftern coaft of Mexico, over which the 

fim will then be vertical. 

Example 
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Example III* 

283. Let the obferver be at Cape Clear 

on the weftern coaft of Ireland, on the 16th 

day of July, at 54 minutes part VIII in the 

morning. . 
1 * / 

Qxjere, The place upon which the fun 

will then be vertical ? , 

The fun's place being in the 24th degree 
of Cancer, which on the globe falls upon 

the 21 ft parallel of north declination. 

Bring Cape Clear to the graduated fide of 

the ftrong brafs meridian, and fet the horary 

index to XII, turn the globe till $ h. 54 min. 
amongft the morning hours are under the 
horary index, and you will find the gra¬ 

duated fide of the ftrong brafs meridian to 

cut the 21 ft parallel of north declination 

upon Farrat in Nubia* on the weftern coaft 

of the Red Sea. 

Example IV. 
«• < •; i ■ ■ * ■ ** " - * , # r 

t ^ 

284. Let the obferver be at Rome on the 

20th 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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The fun being about 28-I degrees iri 

Scorpio, which falls to the fouthward of the 

26th parallel of foiith declination. 

Bring Rome to the graduated fide of the 

ftrong brafs meridian, and fet the horary 
index to XII, turn the globe to have 10 h. 

37 min. under the horary index,, and the faid 

graduated fide will then cut, under the 2bth 

parallel of fouth declination, the city of So- 

jfala in the kingdom of Quiteri, to the fouth 
of Monomotapa, on the eaftern coaft of 

Africa. 

We apprehend thefe four examples are 
fufficient to give the reader a clear idea of 
the folar correfpondentS to all places within 

the torrid zone, and to enable him to dif- 

cover fome thoufands more. 

Although we can have but one folar cor- 

refpbndent at the fame time, yet, as in the 

firft example, we can trace him through 

his diurnal parallel for every hour and mi¬ 

nute of the day, and fo alfo upon every day 

in the year. 

Nothing can be eafier or more intelligible 
than this method of improving the mind, 

by reprefenting to the eyes the diftance 
from our own Zenith to that of every fpot 

P of 
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of land and fea within the tropics ; when 
at every Angle obfervation we have it alfo 
in our power to note the bearing of each 

of thefe places upon our vifible horizon, 

which may be referred to, at all times, when 

the fun is not in that parallel. 

Let us now change the fcene, and pro¬ 
ceed from the conlideration of the fun, to 
that of the ftars; which will prefent to our 

view a copious field of geographical know¬ 
ledge; many of thefe may be feen at one 
and the fame inftant of time, when they are 

in the zenith of fb many different places 
upon the earth, and then immediately after¬ 

wards remove from that defignation, to give 

place for a great number of others. 

Of the cekftial correfpondents. 

285. The knowledge of the celeftial cor¬ 

refpondents difccvers a new fyftem of agro¬ 

nomical geography. The perfect agreement 
between the celeftial and terreftrial fpheres 
conftitutes this fyftem; which may with very 

little trouble be underftood, by making the 

ftudy of one a guide to the knowledge of the 

other j 
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other; the objedt of this correfpondence is 
the continual variation between the parts of 

the celeflial and terreflrial fpheres. 

Geography alone being eafier than aflro- 

nomy, has generally a particular place in 

the education of young ftudents, who fel- 

dom leave their juvenile fludies without 

gaining fome idea of the four quarters of the 

world, a flight notion of the fltuation of 

places with refpedt to each other, and a 

fketch of the principal empires; but gene¬ 
rally without any application to the ter-* 
reftrial, and fcarce ever a companion of that 

with the celeftial globe; and without feeling 

a lively curioflty to become acquainted with 
thefe neceflary and improving branches of 

fcience. 
To facilitate the ftudy of geography, it 

has always been neceflary to lay maps and 

charts before a pupil, which are generally 

feparate plans of different countries. But 

what idea do thefe afford of the vail extent 

of the earth, of its fpherical form, or of 

the proportionable diflances, real bearings, 
&c. of the empires, kingdoms, and flates 

on the habitable part of our terreflrial 

globe ? 

P 2 How 
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How much more intelligible and juft are 

the proportionable diftances of the fixed 

ftars, when compared with the natural dif¬ 

tances of the feveral places upon the earth, 

over which they dart their perpendicular 
rays; thereby conftituting this new fyftem 

of aftronomical geography, by ocular de- 

monftration ? They are faithful teftimonies 
of the vaft extent of the univerfe, and they 
declare the diftance, bearing, and fituation 
of all places upon the earth. 

Ey thefe means, together with the aflift- 

ance of maps and charts, luch a copious 
2nd clear idea of geography will be attained, 
and its natural principles fo firmly eftablifh- 
ed, as never to be erafed. 

The confequences to be drawn from 
thefe principles are entirely in favour of tile 

harmony between the celeftial and terreftrial 
Tpheres. 
- • -M ' -t * 4 ; \ . “) > . JP 

Of the paffage or tranlit of the iirft 

point of Aries over the meridian. 

286. This point determines the apparent 
daily motion of the heavens, and fixes the 
continual difference in the courfe of the fun 

and ftars. 
The 
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The knowledge of that particular point 

on the terreftrial equator, where its inter- 

fedtion 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 paflfage 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 

this is, when a ftar of the fecond magnitude 
marked y near the extremity of the wing 

of Pegafus, is upon the meridian; at that 

inftant, the equinoctial colure will be upon 

the meridian alfo for this colure paffes 
through the firft point of Aries and that 
ftar. 

This is the moment, in which each of 

the 360 degrees of right afcenfion in the ce¬ 
leftial fphere, is perpendicular to every like 
degree of terreftrial longitude j at which 

P 3 time 
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time there is a perfed parallelifm and per¬ 
pendicular correfpondence of all the circles, 
points, and lines, in both fpheres. 

To this we have paid a particular regard, 
in the conftrudion of our new globes, by 
numbering the degrees on the equator of 

the terreftrial globe, with an upper row of 
figures in the fame diredion, as thofe of 
right afcenfion are numbered upon the ce¬ 
leftial globe. 

If from that inftant of time, when the 

ftar y of Pegafus is upon the meridian, we 

conceive the ftars to be immoveable, and 

that we, together with the globe of the 

earth, are turned from weft to eaft upon the 

equatorial axis, we fhall perceive our own 

meridian to pafs fiicceftively under every de¬ 

gree and ftar on the celeftial equator. 

287. And that the reader may thoroughly 
underftand what is meant by this uniformity 

in the two fpheres, let him imagine the 
celeftial globe to be delineated upon glafs, or 

any other tranfparent matter, which fliall 
inveft or furround the terreftrial globe, 

but in fuch a manner, that either may 

be turned about upon the poles of the 
world, whilft the other remains fixed; 

and 
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and fuppofe the firft point of Aries, on the 

inverting 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 inrtant, when the firft 
point of Aries is upon the meridian 5 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 

then have the degree of its right afcenfion 
direftly upon the correfponding degree of 

terreftrial longitude; their declination will 
alfo be the fame with the latitude of thole 

places upon which they lie. 

Now if the reader conceives the celeftial 

inverting globe to be fixed, and the ter¬ 

reftrial globe to be gradually turned from 

Weft to eaft, he will readily underftand, as 

the meridian of London pafles from one 

degree to another under the inverting fphere, 

that every ftar thereon becomes a corre¬ 

fpondent to another place upon the earth ^ 

and fo on, until the earth has completed one 

diurnal revolution, or till all the ftars, by 

their apparent daily motion, have pafled over 

P 4 every 
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every 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 
ftar will precede the fun about 4 minutes 3 
in two days the acceleration of the ftar with 
relpect 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 refpedt to the ftar, 

will feem to be retarded one hour 5 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 

crofted the meridian together, they will meet 

again nearly at the fame time 5 but the 

ftar, inftead of feeming to make 365 revo¬ 
lutions, will have made 366, one more than 
the earth to the fun in a year. 

The right afeenfion of the firft point of 
Aries, is the complement of the fun’s right 

afeenfion to 360 degrees of the equator, or 
to the 24 hours of a natural day: this is the 

point 



Cekftial and T^errejlrial Globes. 217 

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, comes to the meridian with us before 

there are no ftars then vifible in the noon 
night, but thofe which follow the firft point 
of Libra; that is to fay, thofe ftars which 

have more than 180 degrees of right afcen¬ 

fion : in autumn and winter thofe ftars are 
vifible in the night, which follow the firft 

point of Aries, having lefs than 180 degrees 
of right afcenfion. 

Obferve alfb, that the interval between 

the pafiage of the firft point of Aries over 
the meridian of any place, and that of the 

firft point of Libra over the fame meridian, 
is not 12 complete hours, but only 11 

hours 58 minutes, to which attention inuft 
be paid, left thefe two minutes fhould be 

miftaken. 

By the pafiage of' the ftars over the, 
rneridian, we are taught the knowledge of 

thofe degrees of the equator, which are thea 

rifing and fetting y for that degree which is 

letting 
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fetting precedes that on the meridian 90 de¬ 
grees, or fix hours * and 180 degrees, or 

twelve hours that which is riling; 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 is 

palling underneath the meridian. 

-• ■ f* f ..j. , ; 

PROBLEM XLVII. 
\ 

To find the time of the right afcen- 

fion of the firft point of Aries 

upon any meridian. 

288. We have already Ihewn by an ealy 

calculus, how to find the times of equinox 

to any meridian, but we have not yet fhewn 
their application to the right afcenlion of the 

firft point of Aries. 

The diurnal difference of right afcenlion, 
at the time of a vernal equinox, is 3 min. 
38 fee. which we have formed into a table, 

entitled, <c The horary difference in the mo- 

<c lion of the firft point of Aries at the 

u time of a vernal equinox; ” to which is 
annexed, “ A table of the difference of the 

“ paffiige 
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?c paffage of the firfl point of Aries over the 

“ meridian for every day in the year.” 

The ufe of the tables of right afeen- 

lion. 

289. Having found the time of any ver¬ 

nal 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 diffe¬ 

rences, the motion anfwering to the hours 
and minutes of the time of the vernal equi¬ 

nox, and their fum will be the time of the 

paffage of the firft point of Aries over that 

meridian ; the day on which, but before, the 

equinoctial interfe&ion happens. 

N. B. In taking out the numbers from 
this table, rejeft 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 19th, 19I1. 37mm. 

min. fee. 
hours 19 2 53 
minutes 37 o 6 

Right afeenfion of T O, up-7 n 

on the equinoctial day J2 noon* 
A. D. 
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A. D. 1770, the fun will enter Aries, 
March 20, 1 h. 26 min. 
i > ' v r** f r . f -j -4 ’ it 

min. fee, 
hours 109 
minutes 26 o 4 

Right afcenfion of V O on? n 
the equino&ial day, at j 0 l3 Pa^ n00^' 

A. D. 1771, the vernal equinox falls on 
March 20, 7 h. 15 min. 

min. fee. 
hours 7 14 
minutes 15 o 2 

, • i 1 ’ .. s - --■ i. t *» , * » '1 

Right afcenfion of V 0 on? ^ „ 
the equinoctial day, at J Paft noolV 

A. D. 1772, the fun will enter Aries* 
March 19, 13 h. 4 min. 

min* fee. 
hours 13 1 58 
minutes 40 if 

1 59 

The right afcenfion of the firft point pf 
Aries, thus found for the day on which the 

equinox happens, holds good for the whole 

year, and is to be added to the difference 
of the paffage of the firft point of Aries 

over the meridian found againft the day of 

... . * the 
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the month; and their fum will be the time 
of day when the firft point of Aries will 

pafs the meridian. 

Obferve, when the equinox falls on the 

19 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 5 and 

when it falls upon the 20th day of March* 
feek the day of the month in the left hand 

column, againft which in either cafe, and 

under the name of the month, you have 

the proper difference of right afcenfion to 

be added to that found above for the day 

of the equinox. .. 
’k .JL 

In biffextile years, feek the day of the 

month in the left hand column, to the end 

of February, and for the intercalary day, or 

29th of February, take out the difference 
of right 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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• * * * , ', r 

' * . x 

Example I. 

A. D. 1769, equinox March 19. 

h. min. fee. 
Jan. 25, 3 23 24 

Hb 2 59 

Right afcenfion TO, 
' * 

3 26 23 

Nov. 14, 8 36 31 
* -f- 2 59 

Right afcenfion TO, 
«. r \ + ■' ' • ^ 1 ’ ’ ' _ 

8 39 3° 

Example IL 

A. D. 1770, equinox March 20. 

h. min. fee; 
Feb. 25, 1 24 52 

-f" o 13 

Right afcenfion TO, 1 25 5 
> —.— - 

061. 18, 10 26 36 
+ 013 

Right afcenfion TO, 10 26 49 

Example* 
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Example III. 

A. D. 1771, equinox March 20. 
h. ] min. fee. 

Jan. 12, 4 22 46 
"4~ 1 6 

* 1 ( * * V l y 

Right afcenfion T O, 4 23 52’ 

December 16, 6 22 5 s 

4- 1 6 

Right afcenfion T O, 6 24 4 

Example IV. 
f f'\ .« P <•* JL *4 ' ‘ ' 

A. D. 1772, equinox March 19. 
BilTcxtiie year. h. min. fee. 

February 28, 1 13 35 
-f- I 59 

Right afcenfion TO, 1 J5 34 

The intercalary day, Feb. 29, 1 9 5° 
1 59 

Right afcenfion TO, 1 
* - * * # 

11 49 

March 1, 1 6 , *7 
/ 

-i- 1 59 

Right afcenfion TO, 1 8 6 

Auguft 28, 13 28 *7 
1 59 

Right afcenfion TO, 13 3° l6 

Thefe 
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* -■»•••■ , ■“ * / * 

Thefe four examples are quite fufficient^ 
if the Reader compares them with the tables; 

and precepts. 
* i 

In the 42d and 43d problem, art. 260, 

261. we have fhewri how to find the hour 

that any known ftar comes to the meridian ; 

and alfo to find the time of the year any fiar 

paffes the meridian at any hour propofed i 
but in that place we were not prepared to 

apply the right afeenfion of the firft point of 

Aries, fo properly for an obfervation of the 

ftars, as by the following; 

PROBLEM XLVIII. 

To find the time of the ri^ht afeen- 

fion of any ftar, upon any par¬ 

ticular meridian, on any day in 

the year. 
* * ' ' ^ . " ** * ' 

290. Firft find the time of the right 

afeenfion of the firft point of Aries, art. 288; 

by problem 47, agreeable to your own me¬ 

ridian. 
# j. 

Then apply to the celefiial globe, and 

bring the given fiar under the graduated 

fide of the ftrong brafs meridian, which will 

cut 
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cut its right afcenfion, or rather its diftance 

in time or degrees, upon the equinoctial; 

add this quantity exprefled in time to the 

right afcenfion of the firfi: point of Aries, 

and you will obtain the time, of the paflage 

of that ftar over the meridian very near the 

truth. Thus, 

The ftar marked y in the head of Draco, 

will have 268 degrees, or 17 h. 52 min. 

of right afcenfion or diftance from the firfi: 

point of Aries, art. 276; which added to the 

right afcenfion of that point for the 13th 

day of July, A. D. 1772, gives the true time 

of its right afcenfion that evening : at 10 h. 

12 min. this ftar will be over the heads of 

the inhabitants of London at that time, its 

declination being 51 deg. 32 min. equal to 

the latitude of this capital city. 

Note, In this method of working, when 

the hours exceed 24, deduCt 24 hours 

therefrom, and you obtain the true time 

fought. : 1 

Q_ PROBLEM 
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PROBLEM XL1X. 

To rectify the 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 £hall pafs the meridian 

that day. 

291. As the degrees and hours upon the 

equino&ial 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 re&ify 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, ancffet the horary index to 

the hour and minute of the paflfage of Aries 

o, firft found: turn the globe until the given 

hour is under the horary index, and place it 

due north and louth by the mariner's com- 

pafs* attending to the variation of the needle, 

and you will have a perfedt reprefentation 

of the ftarry firmament, not only for that 

inftant, but as long as you pleafe to apply 

yourfelf 
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yourfelf to the knowledge of the ftars that 

evening, by only moving the globe to any 

other minute under the horary index as t!he 

time advances. 

Thus on the 25th of February, A. D. 

1770, about 46 minutes after V. in the 

evening, the ftar called Al-debaran, or the 

Bull's-eye, will be upon the meridian of 

London, or places adjacent 5 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- 

ceffively paffing over the meridian until -J 

pail VII; all the ftars in Auriga, or the 

Charioteer, will be pafiing the meridian at 

the fame time; after which Canis Major will 

fucceed with Syrius, the Dog-ftar, at the fide 

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 fame year, 

the firft point of Aries will pafs our meridian 

at 20 h. 58 min. 29 fee. but if we reckon 

2 the 
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the hours from midnight, at 58 minutes 

part VIII in the morning, at which time no 

ftars can be feen; therefore we muft have 

recourfe to the right afcenfion of the firft 

point of Libra, which is thus obtained. 

h. min. fee. 
To the right afcenfion of the 

firft point of Aries 
^ 20 58 29 

add 11 58 0 

32 56 29 
When the hours exceed 24, 

fubftraft therefrom j 24 0 0 

The right afcenfion of the firft 
point of Libra, A. D, 1770, ( 8 56 29 in the 
May 8th, at J evening, 

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 glebe until the ho¬ 

rary index points to 10 minutes part X 

o’clock, and you will find the ftar called 

Spica Virginis, being that in the ear of corn 

fhe holds in her hand, a ftar of the firft 

magnitude marked a, upon the meridian at 
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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 weftern 

fide of the meridian 3 and on the eaftern fide 

thereof, the Ballance, Scorpio, Bootes, Her¬ 

cules, &c. fucceffively following the firft 

point of Libra in their paifage over the 

meridian. 

The correspondence of the fixed 

flats. 

292. Before we attempt an obfervation of 

this kind, a fignal or warning ftar mu ft be 

firft obtained 3 that is, fuch a ftar is to be 

fought, as fhall have the fame or nearly the 

fame quantity, either in degrees or time of 

right afcenfion, reckoned from the firft point 

of Aries, as the place, over which any other 

ftar fhall then happen to be a correfpondent, 

fhall have of longitude, reckoned eaftward 

of London. 

It has been fhewn, that declination in the 

celeftial, and latitude on the terreftrial globe, 

mean one and the fame thing, both being 

meafured by their diftance from the equator 3 

Q_3 con- 
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confequently, if the declination of any ftar 

is equal to the latitude of any place, that 

ftar, by a line conceived to be drawn from 

it to the center ol the earth, will deferibe the 
> 1 v> v 

parallel of that place \ whence it becomes 

a correfpondent, not only to that particular 

place, but alfo to all thole places which lie 

in the fame parallel of latitude, by palling 

perpendicularly over them all once every 24 

hours. But as a preparation, we mull fir ft 

fliew, 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. 
, c + 

To find all thofe places to which any 

ftar is a correfpondent. 

293. Firft find the declination of the ftar. 

on the celeftial globe by problem V. art. 55. 

and remember whether it be north or fouth $ 

count the lame number of degrees upon the 

ftrong brafs meridian of the terreftrial globe 

the fame way from the equator, and note 

the place by holding the edge of a card 

thereto j turn the globe from eaft to weft, 

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 paffing from 

the center of the earth through the very 

place upon its furface, to which the ftar is 

at that time vertical. Thus, 

The declination of the ftar marked y, in 

the head of Draco, is 51 deg. 32 min. equal 

to the latitude of London; therefore this 

brilliant ftar of the fecond magnitude may 

be called the ftar of this metropolis, without 

being deprived of its own name; it may 

likewife take the name of any other 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 fhew its perpendicu¬ 

larity to various countries, as will appear by 

A general 0.4 
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A general defcription of the paffage 

of the ftar marked v 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 perpetual appa¬ 

rition to the inhabitants of the Britannic 

Ifles \ it comes upon the meridian of London 

with the 268th degree of right afcenfion, 

and is at that time dire&ly 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 pafted 

the meridian. 

Note, This ftar marked k is the fouther- 

moft of a group of five ftars, fituated be¬ 

tween the fhoulder of Serpentarius and So- 

biefki’s fhield, which in the firmament ap¬ 

pear in the form of a Roman V, as may be 

feen upon the globe. 

The declination of our ccrrefpondent ftar 

y in the head of Draco, is 51 deg. 3 2 min. 

equal to the latitude of London \ with which 

apply to the terreftrial globe, and bring 

London to the graduated 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 from weft to eaft with the 

other hand, and that point of the card which 

is upon the globe will then reprefent the 

interleftion of that line upon the furface of 

the earth, which we have fuppofed to pais 

from the center of the earth to the ftar; 

and as this point, though at reft, pafles over 

the parallel of London upon the globe, fo 

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. 
1 

Thus you will fee the ftar marked y, in 

the head of Draco, pafs from London over 

the road to Briftol, and dart its perpendi¬ 

cular rays upon that city 3 then crofting the 

fea, it reaches Ireland between Kinfale and 

Cork, and leaving that kingdom, will fhine 

over the Atlantic Ocean, until it is perpen¬ 

dicular to the north cape of Newfoundland; 

whence it will be vertical to Efkimos, and 

pafs between lake Achona and the northern 

coaft of the gulph of St. Lawrence, then 

it will crofs St. James's Bay, Kriftino, &c. 

and 
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and pafs weftward over a vaft fpace of land 

but little known to the Europeans thence 

it will leave the weftern coaft of North Ame¬ 

rica, to fhine upon the northern part of the 

Pacific Ocean, until it is perpendicular to 

feveral iflands, one of which is called St. 

Abraham; it erodes the fouthern land of 

Kamkatfka, and the ifland Sangalien; 

thence it becomes perpendicular to the con¬ 

tinent near Telmen on the eaft fide of 

Mongales in Chinefe Tartary, and fo pro¬ 

ceeds to caft its perpendicular rays over a 

vaft country in Afia, being fometimes a 

zenith point to the Chinefe, at other times 

to the Rufiian Tartars, and pafling over 

Bielgorod, becomes vertical to Mufcovy, Po¬ 

land, Germany, and Zeland, and fo crofies 

the fea again to return to its perpendicu¬ 

larity over the city of London : all which is 

performed by the earth’s diurnal motion in 

fo fhort a time as twenty-three hours and 

fifty-fix minutes. 

When a beginner has been thus exercifed 

with the general ’paflage of two or three 

principal ftars over their correfpondent pa¬ 

rallels on different parts of the earth, his 

ideas will be fo greatly improved, 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, 

PROBLEM LI. 
- ' • T * • t. 

To find a fignal, or warning fiar, 

that {hall be upon or near the 

meridian of an obferver, 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 ftfong brafs meridian on 

the terreftrial globe, and it will cut 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 the graduated fide of the 

ftrong brafs meridian, which will cut the de¬ 

gree of its right afcenfion on the equinodlial. 

If the fituation of the obferver is weft: 

cf the given place, fubtradt the terreftrial 

longitude 
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longitude from the right afcenfion of the 

ftar j 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 directly over thofe ftars which are 

upon, or have juft palled, or are not quite 

come up, to the obferver’s meridian, at the 

moment the given ftar is vertical to the place 

propofed -> either of which will corre&ly 

anfwer the prefent purpofe, and become the 

fignal or warning ftar that upon its arrival 

on the meridian, will declare the given ftar 

to be vertical to the place affigned. 

Thus let the obferver be in or near Lon¬ 

don, and the bright ftar in Lyra, or the harp 

of the firft magnitude be given, it is com¬ 

monly called Vega, but it fhould be Waki, 

in the Arabic Nell* Waki, fignifies the {loop¬ 

ing or falling Vultur, and marked this 

ftar is correfpondent to the fouth weft cape of 

the ifland of Sardinia in the Mediterranean. 

The longitude of this cape from London 

is 9 degrees, and the right afcenfion of the 

ftar Waki is 277 degrees, as London is 

weft of Sardinia3 9 degrees fabtradled from 

977 degrees, leaves 26S 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 dire&ly over the ftar 

y in Draco, and alfo over a ftar of the fourth 

magnitude in one of the heads of Cerberus. 

Thefe are eminent fignals, and both upon the 

meridian, when at the fame time the ftar 

marked 0, in the knee of Hercules, will have 

paffed the meridian about two minutes of an 

hour, and the ftar marked P, of the fourth 

magnitude in the milky way, wiil 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 Waki 

in Lyra will alfo be perpendicular to the 

S. W. cape of the ifland of Sardinia. At which 

time an obferver at London will be fenfible 

of the diftance between the zenith of the two 

places, and may note the bearing of Sardinia 

from London upon his fenfible horizon, to 

which he may refer at any time in the clay. 

An obferver at Sardinia may note the fame 

with refpedt to the diftance and bearing of 

London from him. 

To excite ftudents who have an afpiring 

emulation to improve themlelves in this ex- 

ten five 

1 
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ten five fcience of geography and aftronoriiyj 

the principal requifites whereby they may 

acquire univerfal knowledge, we (hall pro¬ 

ceed to illuftrate this fyftem of the natural 
, 1 

agreement between the celeflial and ter- 

reftrial lpheres, by a few interefting ex* 

amples. 

Example I. 

When the far marked in the 

head of Draco, is perpendicular 

to the city of London, the twelve 

following ftars may be feen from 

thence at the fame time, when 

they will alfo be perpendicular to 

as many places upon the earth. 

296. The fignal or warning ftar is y ill 

the head of Draco, which comes upon the 

meridian with the 268th degree of right 

afeenfion $ it will be vertical to the city of 

London two minutes of time, after the flar 

marked k, in the milky way near the equi¬ 

nox, has palled the meridian, at which time 

the twelve following ftars will be vertical to 

the places they ftand againft. 

Weft 
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Weft of London. 

Rigt Decl. W. 

Afc. and Lon 
Lat. s 

2671 Knee of Hercules 0137 Carthagena, Old { 
Spain £ of 

267T Wrift of Hercules i 3°f Frontiers of Mo - S 
rocco and Tar- > Of 

261 Rasalhagus,Ser- 9 tt I 2 J 

gua J 
Kingdom Kom- ? 

pentarius ^ i bergrada,Africa \ 7 

108 Spica Virginis ct io 
• 

Peru,South America 7o 

175 Deneb Alafad, 7 
Lyon’s tail ) 

6 16 
I 

Chapa in Mexico 93 

191 Alioth, i ft in tail 7 L. s 57 t 
IlleBelchier,Kud- J 

77 Great Bear 3 Ton’s Bay \ 

Eaft of London. 

IRigt. 
Afc. 

Decl. Eaft 
and Lon. 
Lat. 

277 Vega, in Lyra ct 38| S. W. Cape, IBe | 
of Sardinia 3 9 

295 Atair, Eagle’s neck ct 8 Frontiers of Be-') 
nin and JN igritia, > 
Africa j 

17 

290 Swan’s beak, Al- 7 £ 27f Mid. Levata in / 
22 bireo f Tagua, Africa 3 00 

0
 rO

 

Deneb, Swan’s ) 
rump ) 

Ct 44i Palmyra 
• 

40 

343 Sheat, in Pegafus £ 27 Middle of Mo- 3 
75 

Swan’s fouth wing 
gul’s Empire 3 

3°9 € 33r Frontiers of Tur- T 
key in Afia, and t 
Defert Arabia ) 

41 ! 
o-grj- 

The 
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The ufe of a warning ftar is to point 

out the true time of the phenomenon, 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 made. 

This table of correfpondents was formed 

as follows: 

The right afcenfion and declination of 

the ftars was found in round numbers upon 

the celeftial globe, and written in two co¬ 

lumns, inclofing the names of the ftars; 

the columns for the names of the corre- 

fpondent places being left blank for their 

infertion 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 lafi: column 

of the table, if the given ftars were eaft of 

the fignal, the right afcenfion of the warn- x 

ing ftar was fubtra&ed from the right afcen¬ 

fion of the given ftar. 
But 

/ 
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But the weft longitude was obtained by 

fubtrading the right afcenfion of the given 

ftars from that of the fignal. 

The reverfe of this example is to find. 

What ftars will be perpendicular to any place 

upon the earth, a warning ftar being known, 

that lhall be Upon the meridian of an ob- 

ferver, when the ftars to be fought fliall be 

vertical to the places afligned, which the 

reader will eafily perform from what has 

been already faid. 

When a ftar is known to be perpendi¬ 

cular to any afligned place, its correfpon- 

dence to that terreftrial point may be equally 

affirmed, to all thofe who can fee it at that 

inftant from any part of the earth, or fea, 

they may then happen to be upon. 

If an obferver in Palmyra, another in the 

middle of the Mogul's empire, a third at 

Levata in Africa, and a fourth at Chapa in 

Mexico, fhould look at the ftar y, in the 

head of Draco, the moment it is in the ze- 

nith of London, they will fee its corre- 

fpondence to that metropolis .at one and the* 

fame inftant of time 3 their hour only will 

be different according to the difference of the 

meridians,, as thofe places are fituated either 

eaft or weft from London. 

R The 
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The ftgnal or warning ftar to each of 

thefe places, is the perpendicularity of that 

ftar expreffed in the preceding catalogue of 

twelve ftars. 

From the obfervation under either of thefe 

ftars in the catalogue, may be feen the other 

twelve ftars, when they are fhining over the 

heads of the inhabitants of all the other 

countries therein named. 

This conftitutes the fyftem of aftronomi- 

cal geography before fpoken of. It affords 

us a real affiftance from the heavens, where¬ 

by we not only fee the marvellous diftances 

of a multitude of celeftial bodies, compo- 

fing that part of the univerfe, which we are 

permitted to behold; but it alfo enables us 

to comprehend the diftances and bearings of 

the nioft remote countries from that point 

of the earth upon which we ftand. 

Example II. 

297. When the bright ftar marked f3, in 

the head of Caftor, is upon the meridian of 

London with the 11 oth degree of right a£* 

cenfion, the twelve following correfpondents 

will be vertical to the places annexed. 

Weft ward. 
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Weft ward. 

Rigt. Decl, W. 
Afc. * ... r. and Lon. 

Lat. 

H Girdle of Andro- } 
meda, Mizar 5 £ 34 Kichuans,Louiliana 96 

18 Caffiopea’S thigh J 59 P. Walesfort, J 
92 Hudfon’s Bay y 

27 Almaak, foot of 1 7 4i Twightees, S. of r 
83 Andromeda 3 Lake Michigan \ 

42 Shoulder of Perfeus y 52 Elkimos between"] 
L. Otter and L. ( 
Pitetibi, North f* 
America J 

68 

47 Algenib, Perfeus’s 7 a 49 Cape Rifher, G. 1 
63 

fide y St. Lawrence y 
76 Rigel, Orion’s foot £ 9j 

Sea and Coaft of ) 
34 Olinda 1 

Eaftward. 

Rig't. .Dech Eaft 
Afc. and Lon. 

Lat. 
132 Great Bear’s foot X 47 Middle of Hungary 22 
139 Hydra’? heart a 8 Kingdom Maffey, \ 

29 
\ 1 Africa 3 

H3 Corner of the 7 
Lyon’s mouth y s 2 * NahalTa, in Egypt 33 

*49 Regulus, Lyon’s \ 
heart y a. 13 Abyffinia, Africa . 39 

176 Third in the Sq. 7 
53 

Oftiakis,S.W.part 7 
66 

Great Bear \ 7 of Siberia y 
192 N. wing of Virgo, ) Sea 20 E. of Pon- 7 

82 
Vindematrix f 

I W 

dicherry \ 

Thefe ftars are vifible in the months of 

January, February, and March. 

R 2 Example 



Defcription and Ufe of the 244 

Example III. 

298. When the bright ftar marked a in 

the ear of corn, which the Virgin holds in 

her hand, called Spica Virginis, is upon the 

meridian of London with 198 degrees of 

right afcenfion, the following twelve ftars 

will be vertical to the feveral places in the 

following table. 

Weftwardi 

Rigt.j 7 '■ Bed.* W. 
Afc. and Lon. 

Lat. 
90 Firftftar in the foot 7 ^ _ i Ifles’of Tres Ma - 1 

of Caftor 5 u 22z rias. New Spain $ 
I 0 O 

Head of Pollux a 29 Sea near C. JSf- 7 Q r> 

l i ■ j 
P condid,Florida f 

139 Hydra’s heart Yamari, a branch 
of the Amazo- > 61 

i 

nan River j 

149 Regulus, Lyon’s 'l 
fi !3 Sea 120 E. of the l 

a r\ 

heart \ Antilles \ 49 

175 Lyon’s tail, Alafad (i 16 Near Bonavifta, 7 
I C. Verd Ifles 5 23 

191 ■Firft in tail Great 7 Weltern Ifles of 7 
» Bear, Alioth \ i 57 Scotland 5 7 

Eaflward. 
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Eaftward. 

kigt. 
Aic. 

Deck 
and 
Lat. 

bait 
Lon. 

2I2 N. Hand of Bootes -* t i | 52 S. of Berlin, in 7 
Pruffia 5 *4 

243 Scorpion’s heart ct 25 
S. Coaft of Ma- 7 

dagafGar \ 4^
 

249 In the Back of 7 
Hercules $ 

U 39 S.Eaitof theCaf- ( 

pian Sea $ 51 

277 
290 

Vega, in Lyra 
Albiero,thtSwan’s 7 

beak ) 

a 

£ 

39 

28 

Coten, in Tartary 
Toudfang, in ( 

Thibet major 5 

79 

93, 

29 Ataif, in the Eagle CL 8 Ealtern Sea, orO 
Coaft of Ma- > 
lacca J 

9 5 

This phenomenon may be feen in the 

months of April, May, and June. 

Example IV. 

299. When the 289th degree of right 

afcenfion is upon the meridian of London, 

fignified hy one minute of an hour after the 

ftar marked £ in the fouthern wing of the 

Eagle has paffed the meridian, then the 

twelve following places will have the an-*' 

nexed ftars in the zenith. 

‘ R 3 Weftward. 
1 
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Weftward, 

Rigt 
Afc. 

206 The ftar in the leg \ 
of Bootes £ 

219 Southern Scale of ) 
Libra } 

226 Northern Scale of ( 
Libra $ 

236,A liar in Scorpio 
240jHand of Serpentarius 
267 Knee of Hercules 

Decl. 
and 
L at. 

w 

Ct 

7T 

$ 
0 

20 

*5 

8 

25 
3 

37 

Weft 
Lon. 

Sea 20 S. Cape ? 
Corrente,Cuba $ 83 

Collao, in Peru 
if . 

70 

Amazonia, America 63 

Paraguay, America S3 
N. W. part of Brazil 49 
N. of St. Michael 

in the Azores \ 22 

Eaftward. 

(Rigt- Decl. Eaft J 
Aic. and Lon. 

Lat. 

321 Side of Cepheus £ 70 Fro. Sea near Ifle 1 

to Wardus,Laponia ( 32 

U
i N 00
 

Shoulder of Aquarius ct 1 Between Sio and 1 

Ampaia, Zan- V 39 

< guebar 3 

331 Firft in the head 7 £ 56 Ruflia, i°E, of ? 
of Cepheus \ Mofcow \ 

42 

343 Markab in Pegafus Ct 27 Sea Coaft in Per- 7 
fian Gulph 3 54 

359 Andromeda's head cF 27 Tala,Mogul’s empire 70 
36° A liar in Pegafus y *4 Sea near Ifle Lak- 7 

dinas \ 71 

Thefe (tars may be obferved in the months 

of July, Auguft, ai;d September. 

Example 
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Example V. 

300. When the ftar marked Q in the fide 

of the Whale is upon the meridian of Lon¬ 

don, with 18 degrees of right afcenfion, the 

twelve following ftars will be in the zenith 

of the annexed places. 

Weft ward. 

Rigt. Decl. Weft 
Aic. and Lon. 

Lat, 
290 The Swan's beak 28 Gulph Mexico, 30 ? 

88 

Firft in the Swan’s ) 
wing J 

S. Miiifippi \ 
294 

S 44 
Lake Michigan, 2 

Canada J 
84 

0
0

 
0

 
ro

 Deneb, in the f 
44 

New England 70 
Swan’s rump ) et 

324 Side of Cepheus & 7o Cumberland near ) 
57 Baffin’s Bay \ 

331 Head of Cepheus s 56 N. Sea, E. of La- 1 
47 brador \ 

341 Fomahaut, mouth 7 
30 

Middle of the At- ) 
37 of Pifces Notius f -1 lantic Ocean £ 

Eaft- 
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Eaftward. 

Rigt. Deck St; t Eail 
Afc and Lon. 

Lat. 
27 Almaak, foot of ) Sea coaffc of Sardinia 9 

Andromeda $ y 41 

42 Shoulder of Perfeus y 52 Brifac Luthania 24 

43 Menkar, Whalers ) ' 3 Bake Bake, Africa 25 

mouth 5 u, 
• 

53 The Pleiades 23 Frontiers of Egypt} 
and Nubia $ 35 

96 North foot of Pollux y 16 Golconda, Afia .78 
112 Procyon, little Dog CL 6iSea t°N.W. A- 7 

A A 

chem, Sumatra \ 94 

The flars in this example may be feen 

in the months of Odtober, November, and 
...... 

December. 

PROBLEM LII, 

The phenomena of the harvefl> 

moon. 

301. When the moon is at or near the 

full, about the time of an autumnal equinox, 

(he rifes nearly at the fame hour for feveral 

nights together: this phenomenon is called 
the harveft-moon. 

To account for this upon the celeftial 

globe, fet the artificial fun upon the firft 
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point of Libra, where the fun mull necef- 

farily be at every autumnal equinox, and 

place the artificial moon upon the firft point 

of Aries, where fhe mud be, if a full moon 

ffiould happen at that time. 

Redify the globe to the pofition of a right 

fphere, art. 214. which anfwers to the inha¬ 

bitants of the equator 5 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 cut the time of 

the fun’s fetting, and the moon’s riling; 

hence it is obvious the moon will rife when 

the fun fets, which will be at VI o’clock, be- 

caufe they are both fuppoled to be in the 

celellial equator, but in oppofite ligns. 

Therefore on that day the fame phenome¬ 

non will happen in all latitudes between 

the equator and either pole. 

But as the moon’s motion in her orbit, 

which we lhall at prefent confider as coin¬ 

cident with the ecliptic, is about 13 deg. 

10 min. every day, which retards her diur¬ 

nal motion about 51 min. 56 fee. of time 

with refped to the firft point of Aries, this 

daily difference as it relates to the fun is 

generally 

/ 
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generally reckoned at 48 minutes of time, 

or two minutes for every hour. 

Let us now enquire upon the globe, what 

time the moon will rife the next night after 

the autumnal equinox, at which time the 

fun will have advanced one degree in Libra, 

and the moon 13 deg. 10 min. in Aries, 

which is 12 degrees more than the fun has 

done in the fame time: therefore place the 

center of the artificial fun upon the firfl: de¬ 

gree of Libra, and the artificial moon on 

13 deg. 1 o min. of Aries, the globe being 

rectified as before to 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 coincides with 

the weftern fide of the broad paper circle, 

the horary index will fhew he fets that 

evening at VI o’clock, and the globe being 

turned till the artificial moon coincides with 

the eaftern fide of the broad paper circle, 

the horary index will fhew the moon’s rifing 

that evening to be about 48 minutes paft 

VI o’clock, with 5 degrees of amplitude 

northerly, as fhe is now entered into the 

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 fame, and bring the 

artificial moon to the eaft fide of the ho¬ 

rizon, and the horary index will point to 

20 minutes part VI, her time of rifing; and 

her amplitude at that time will be about 8 

degrees, three degrees more than at the 

equator the fame evening. 

If we thus inveftigate the time of the 

moon’s rifing for two or three nights to¬ 

gether before and after the autumnal full 

moon, it will be found nearly the fame. 

The reafon is, that the full moons which 

happen at this time of the year, are attend¬ 

ing from the fouthern into the northern 

figns of the zodiac : whence the moon de- 

fcribes a parallel to the equator every night 

more northerly, which increafes her rifing 

amplitudes confiderably, and more fo as the 

latitude is greater, as in the prefent ex¬ 

ample ; hence it is plain, that the nearer any 

celeftial obje&s is to either pole, the fooner 

it afcends the horizon. 

Every thing remaining as before, if we 

elevate the north pole of the globe to 66 \ 

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 fame time that the 

fun fets the evening after the autumnal full 

moon, which is about VI o’clock, at which 

time and place her amplitude will be about 

13 degrees. 

In this pofition of the globe, if the artifi-. 

cial moon be removed 13 deg. 10 min. upon 

the ecliptic, which is her mean motion 

therein for one day, and fo on for fourteen 

nights together, fhe will be feen to rife 

within the fpace of one hour during that 

time, which will be clear on obferving that 

half the ecliptic rifes at once. 

It is remarkable that when the moon va- 

ries lead in the time of her rifing, the di¬ 

urnal differences are greateft at the times 

of her fetting. 

What has been faid with refpedt to north 

latitudes is equally applicable to fouth lati¬ 

tudes. 

In like manner the new moons in fpring 

rife nearly at the fame hour for feverai 

nights fucceffively, while the full moons 

rife later by a greater difference than at any 

other time of the year, becaufe at this time 

of 
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of the year the new moons are in the as¬ 

cending, and the full moons in the defend¬ 

ing figns. 

This phoenomenori 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 fotnetimes than at others, which 

prevents her haliening to the northward or 

defending fouthward in each revolution 

with equal pace. 

PROBLEM LIIL 

To find the time of the year in 

which a liar rifes or fets cofmi- 

cally or achronically. 

302. The cofmical rifing and fetting of a 

ftar, is when a far rifes with the fun> or fets 

at the time the fun is rifing. 

The achronical rifing or fetting of a ftar, 

is when a ftar rifes or fets at the time the 

fun is fetting. 

Elevate the pole of the celeftial globe to 

the latitude of the place, and bring the ftar 

to 
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to the eaftern edge of the broad paper circle, 

and obferve what degree of the ecliptic rifes 

with it, which feek in the kalendar on the 

broad paper circle, againft which is the day of 

the month whereon that ftar rifes cofmically. 

Turn the globe till the ftar coincides with 

the w’eftern edge of the horizon, and that 

degree of the ecliptic which is cut by the 

eaftern fide, gives the day of the month 

when the ftar fets cofmically; fo likewife 

againft the degree which fets with the ftar 

you have the day of the month of its achro- 

nical fetting, and if you bring it to the 

eaftern fide of the horizon, that degree of 

the ecliptic then cut by the weftern fide of 

the broad paper circle fought in the ka¬ 

lendar, will fhew the day of the month 

when the ftar rifes achronically. 

PROBLEM LIV. 

To find the time of the heliacal 

riling and fetting of a ftar. 

30. 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 heliacally. 
When 
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When a ftar is immerfed in the evening, 

or hid by the fun's rays, it is faid to fet he- 

liacally. 

Elevate the pole of the celeftial globe to 

the latitude of the place, bring the ftar to 

the eaftern fide of the broad paper circle, 

Jix the quadrant of altitude to the zenith, 

and apply its graduated edge to the weftern 

fide in fuch a manner than its 12th degree 

above the horizon may cut the ecliptic, the 

point oppofite to this will be 12 degrees 

below the broad paper circle on the eaftern 

fide, and is the fun's place in the ecliptic 

at the time a ftar of the firft magnitude 

rifes heliacally; feek this point in the ka- 

lendar, or upon the ecliptic line on the 

globe, againft which you will find the day 

of the year when that ftar rifes heliacally. 

To find the heliacal fetting, bring the ftar 

to the weftern fide of the horizon, and turn 

the quadrant of altitude on the eaftern fide, 

till the 12th degree cuts the ecliptic; its op¬ 

pofite point is the fun's place, which fought 

either upon the kalendar or ecliptic line, 

gives the day of the year when the ftar fets 

ofiacally. 

Stars 
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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 riling, the fun muft be de- 

prefled in the perpendicular below the hori¬ 

zon 12 degrees, that the ftar may be far 

enough from the fun’s rays to be feen be¬ 

fore he rifes. 
t * < ' » . 

Stars of the fecond magnitude require 

the fun’s depreffion thirteen degrees, and 

thofe of the third magnitude fourteen de¬ 

grees, &e. 

, ft. V, *■ T « 
The manazil al kainer of the Ara¬ 

bian aftronomers, * from Ulugh 

Beigh, publifhed at Oxford 1665; 
i '' ' • \ ‘ 1 

304. The manazil al kanier 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 chara&ers are affixed, but omit¬ 

ted here for the want of an Arabian type. 

I. Al 

* See the Rev, Mr. Godard's Hiftory of Agronomy, p. 19. 
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I. Al Sheratdny thefe are the firft and fe- 

cond ftars of Aries, or the ftars in the 

Ram’s horns, marked (3 and y9 with I, (T, 

fignifying the firft manfiori 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 

bur globe 1 and p. 

III. Al <Thuraiyai the Pleiades. 

IV. Al Debar an, the Bull’s eye. 

V. Al Hetia, the three ftars in the head of 

Orion. 

VI. Al Hen ah, the ftar marked £ in the left 

foot of Pollux. 

VII. Al Dira, the two bright ftars, one in 

the head of Caftor, the other in Pollux, 
marked « and |3. 

VIII. Al Nethrah, the nebulae, or group of 

ftars in Cancer, marked e called by the 

Greeks <p<x1w, i. e. Praefepe* 

IX. Al T’erphah, the Lyon’s eye marked p. 
S X. Al 
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X. Al Geb'ha, the ftar in the Lyon’s mane 

marked £. ^ / 
i , / «r> ? if > •. • ■ ' x > 1 ’ t 5 • . » i' *1 L; j. 

XL ZuFrah, the ftars in the Lyon’s rump 

marked eT and 0. 
^ ? ' ; ‘‘./A* . • ♦ ; V {’ i , - ; « , 

XII. ,/f/ Serphah, the Lyon’s tail marked p, 

called Deneb al afad. 

XIII. Awwa, they are four ftars in Virgo 

marked *3 © 0 3/. 

XIV. Simdk al Azaly the Virgin’s fpike 

marked «. , .... 

XV. Al Gaphr, three ftars in the fkirt of 

the robe of Virgo marked <p t x. 

XVI. Al Zubdna, that is Libra, the northern 

fcale is called Zubdnah Al Shemali, and 

is the ftar marked (3, the fouthern fcale 

marked a, is called Zubdnah al Genubi? 

Shemali fignifies northern, and Genubi 

fouthern, they are exactly mifcalled on 

ihe common globes of modern conftrue- 

. tion. 
- * ' V 

XVII. Al-Iclil, thefe are the four ftars in 

Scorpio marked * (3 f ^ 

XVIII. Al 
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XVIII. Al Kalb, the fcorpion’s heart marked 

sc, more fully Kalbalakrab; the word 

Antares, if it is not a corruption, has. no 

fignification, and is therefore omitted. 

XIX. Al Shaulah, the Scorpion's tail, or the 

ftar marked a. The word Lefath we have 

f omitted, being another pronunciation of 

Ldfah, the true name is Shaulah. 

XX. Al Ndaim> thefe are eight liars in Sa- 

gittary, marked y $ s a ^ <r (p ^ • 

Ulugh Beigh makes them only three, 

i. e. y or 

• * . j _ ; ‘ »• * 

XXI. Al Beldah, this is that part of the 

Horfe in Sagittary, where there are no 

ftars drawn, and if there be any in that 

part of the heavens, it is thought they 

are only telefcopic ftars. 
* • * • 1 1 

, . # ... 1 ^ 4 - /■* 

XXII. S'ad Al Ddbih, three ftars in Capri¬ 

corn, marked « 13 
r . J 
t • r •• * 

; ; SJ > 

XXIII. Sad Al Bulay the ftars marked v in 

the hand of Aquarius. . 

XXIV. Sad Al Suudy the ftars marked |3 

and £ in Aauarius. 

S 2 XXV. Sad 
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XXV. Sad Al Achbiyahy three ftars in A- 

quarius marked y £ X 

XXVI. Al Pherg al Mukaddenty the ftars 

marked * and p in Pegafus. 

XXVII. Al Pherg al Muacchiry thefe are 

two ftars, one in the head of Andromeda, 

marked <?, the other in the wing of Pe¬ 

gafus, marked y, 

XXVIII. Al Rijhdy the ftar marked (3 in 

the girdle of Andromeda. 

This is a divifton of the heavens, dif¬ 

ferent from any thing the Greeks were ac¬ 

quainted with, and therefore was not bor¬ 

rowed from them. • ' . 1 
, . ^ *' \ •"'? ; 7 i • • ’ ■* ' ' « t 4 

) ‘Jit . i. ■ 4 * * J **'**'•"' — 

PROBLEM LV. 

To find a meridian line* 

305. Bring the fun’s place in the ecliptic 

on the celeftial globe, to the graduated tide 

of the ftrong brafs meridian, and fet the 

horary index to that XII, which is mod 

elevated; turn the globe, till the ftar mark¬ 

ed y in Caffiopeas hip, is under the gra¬ 

duated 
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duated fide of the ftrong brafs meridian, 

with about 11 degrees of right afcenfion; at 

which time the polar ftar, in the extremity 

of the tail of the little bear, will be above 

the pole, -and upon the meridian alfov If 

you find in this application of the globe, 

that the horary index points to any hour of 

the day, when the globe is rectified to the 

latitude of your fituation, turn the globe 

again, till the ftar marked f, called Alioth* 

being the firft in the tail of the great Bear, 

is under the graduated fide of the ftrong 

brafs meridian, and then the polar ftar will 

like wife 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 

pncenomenon is to happen, before which 

you are to have the following apparatus 

properly prepared, that you may be ready 

to attend the observation, that is, to find 

your meridian line. 

Sufpend two plumb lines, and let their 

weights be immerfed in water, to prevent 

their vibrating3 but in fuch a manner that 

the firing of one of them may be diredlly 

between the polar ftar and the firing of the 

S 3 other. 
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other. After this adjuftment of the twq 

firings, if they remain untouched till the 

next day at noon, a meridian line may be 

obtained at any window in the houfe which 

has a fouthern afpedt, by fufpending lines 

as above from the ceiling y that next the 

window may be fixed, but the other fhould 

be moveable in a direction nearly eaft and 

weft, the weights of thefe ought alfo to be 

immerfed in water; then, if two perfons 

attend a little before noon on the next day, 

one of them at the two firft plumb lines 

which were adjufted to the polar ftar, and 

the other at the two plumb lines in the 

houfe which are then to be adjufted, each 

of them holding a fheet of white paper in 

their hands, to receive the fhadow of the 

two firings caft thereon by the fun y the 

firft obferver is to give a fignal to the fecond 

of the inftant the two fhadows on his paper 

are united in one and the fame line, at 

which time the fun will be precifely upon 

the meridian. The other obferver in the 

houfe is likewife to attend with diligence, 

and as the fun is coming nearer and nearer, 

to the meridian, he is conftantly to remove 

his moveable plumb line, and keep the fha« 

dows 
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dows of his two firings always united in 

one diflincl fhadow, that, his obfervation 

may be compleat, when his affiftant gives 

the definitive fignal. * : 

If this be repeated four or five times, a 

yery accurate meridian line may be obtain¬ 

ed, and may be drawn on the window, 

the floor, or a pavement, by ^their fhadow 

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 paflage of the liars a-crofs the 

meridian. : 

For the ufe of the curious it will not be 

improper to obferve, that the late Dh 

Bradley found that the diflance of the flar 

marked cc at the extremity of the tail of the 

little Bear, from the polar point, was 2 deg* 

1 min. 39 fee. on the firfl day of January, 

A. D. 1751, old flile; at the fame time its 

right afeenfion was io° 45' i$n equal to 

43 min. 1 fee. of time; and as the right 

afeenfion increafes 1 min. 16 fee. every ten 

years, its right afeenfion may be obtained 

for any fucceeding year; and having the 

fun’s right afeenfion in time alfo, fubtradfc 

^he laft from the firfl; by adding 24 hours 

8 4 to 
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to the right afcenfion of the pole ftar when 

it is lefs than the fun’s, the remainder will 

be the time of the ftar’s coming to the me¬ 

ridian. 

Then, as before, hang up two plumb 

lines, between your eye and the polar ftar, 

PROBLEM LVI, 

Of the equation of time. 

306. As time flows with great regular 

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 regular as itfelf. 

Ancient aftronomers looked upon the fun 

to be- fufficiently regular for this purpofe; 

but by the accurate obfervations of later 

aftronomers, 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. 

1 ft, A natural or folar day of 24 hours, 

is that fpace of time the fun takes up in 

pafiing from any particular meridian to the 

fame again y and one revolution of the earth, 

with 
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with refpe£t to a fixed ftar, is performed in 

23 hours, 56 minutes, 4 feconds; there¬ 

fore the unequal progreffion of the earth 

through her elliptical orbit, (as fhe takes al- 

moft eight days more to run through the 

northern half of the ecliptic, than fhe does 

to pafs through the fouthern) is the realon 

that the length of the day is not exaftly 

equal to the time in which the earth per¬ 

forms its rotation about its axis. 

2dly, From the obliquity of the ecliptic 

to the equator, on which iaft we meafurc 

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 j or, in other words, thofe points 

of the equator which come to the meridian, 

with the place of the fun on different days, 

would not be at equal diftances from each 

other. 

This laft is eafily feen upon the globe, 

by bringing every tenth degree of the eclip¬ 

tic to the graduated fide of the ftrong brafs 

meridian, and you will find that each tenth 

degree on the equator will not come thither 

with it, but in the following order from V 

to every tenth degree of the ecliptic 

comes 
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comes fooner to., the flrong brafs meridian 

than their correfponding i oths on the equa¬ 

tor ; thofe in the fecond quadrant of the 

ecliptic, from S to come later, from 

to vs fooner, and from vs to Aries later, 

whilft thofe at the beginning of each qua¬ 

drant come to the meridian at the fame 

time; therefore the fun and clock would 

be equal at thefe four times, if the fun was 

not longer in pafiing through one half of 

the ecliptic than the other, and the two 

inequalities joined together, compofe that 

difference which is called the equation of 

time. , . 

Thefe caufes are independent of each 

other, fometimes they agree, and at other 

times are contrary to one another. 

The time marked out by an uniform 

motion, is called true time, and that fhewn 

by the fun, is called apparent or folar time, 

and their difference is the equation of time. 

We 
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We now proceed to fhew, how 

the terreftrial globe will reprefent 

the real phenomena relating to the 

earth, when a&ually compared with 

the refulgent rays emitted from the 

great fphere of day* 

307. The meridians on our new ter*? 

reftrial globes, being fecondaries to the equa¬ 

tor, are alfo hour circles, and are marked 

as fuch with roman figures under the equa¬ 

tor, and at the polar circles. But obferve, 

there is a difference in the figures placed 

to the fame hour circle, if it cuts the Hid 

hour upon the polar circles, it will cut the 

IXth hour upon the equator, which is fix 

hours later, and fo of all the reft. 

Through the great Pacific Sea, and the 

interfedlion of Libra, is drawn a broad me¬ 

ridian from pole to pole, it pafies through 

the Xllth hour upon the equator, and the 

Vlth hour upon each of the polar circles; 

this hour circle is graduated into degrees 

and parts, and numbered from the equator 

towards either pole* 

There 
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There is another broad meridian paffing 

through the Pacific Sea, at the iXth hour 

upon the equator, and the Hid hour upon 

each polar circle; this contains only one 

quadrant, or 90 degrees, the numbers an¬ 

nexed to it begin at the northern polar circle, 

and end at the tropic of Capricorn. 

Here we muft likewife obferve, there 

are 23 concentric circles drawn upon the 

terreftrial globe within the northern and 

fouthern polar circles, which for the future 

we fhall call polar parallels they are placed 

at the diftance of one degree from each 

other, and reprefent the parallels of the fun's 

declination, but in a different manner from 

the 47 parallels between the tropics. 

The following problems require the globe 

to be placed upon a plane that is level,, or 

truly horizontal, which is eafily attained, 

if the floor, pavement, gravel-walk in the 

garden, &c. fhould not happen to be ho¬ 

rizontal. 

A flat feafoned board, or any box which 

is about two feet broad, cr two feet iquare, 

if the top be per fed ly flat, will anfwer the 

purpofe, the upper furface of either may 

be fet truly horizontal, by the help of a 
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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 lhall direct; if 

you have a meridian line drawn on the 

place over which you conftitute this hori¬ 

zontal plane, it may be readily transferred 

from thence to the furface juft levelled; this 

being done, we are prepared for the folu- 

tion of the following problems. 

PROBLEM LVIL 

To obferve the fun’s altitude by 

the terreftrial globe, when he 

fhines bright, or when he can 

but juft be difeerned through a 

cloud. 
» 

308. Confider the fhade of extuberancy, 

which is that caufed by the fphericity of 

the globe, heretofore called the edge of the 

earth s enlightened dife, and there repre- 

fented by the broad paper circle, but here 

realized by the natural light of the fun 

itfelf. 

Elevate the north pole of the globe to 

66} degrees, bring that meridian or hour 

circle, 
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circle, which pafles through the IXth houf 

upon the equator, under the graduated fide 

of the ftrong brafs meridian, the globe 

being now fet upon the horizontal plane * 

turn it about thereon* frame and all, that 

the fhadow of the ftrong brafs meridian 

may fall diredtly under itfelf* or in other 

words, that the fhade of its graduated face 

may fall exa&ly upon the aforefaid hour 

circle * at that inftant the fhade of exu¬ 

berancy will touch the true degree of the 

fun's altitude upon that meridian, which 

pafles through the IXth hour upon the 

equator, reckoned from the polar circle, 

the moft elevated part of which will then 

be in the zenith of the place where this 

operation is performed, and is the fame 

whether it fhould happen to be either in 

north or fouth latitude. 

Thus we may, in an eafy and natural, 

manner, obtain the altitude of the fun, at 

any time of the day, by the terreftrial globe j 

for it is very plain, when the fun rifes, he 

brufhes the zenith and nadir of'the globe 
O 

by his rays * and as he always illuminates 

half of it, (or a few minutes more, as his 

globe is confiderably larger than that of the 

earth) 
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earth) therefore when the fun is rifen a 

degree higher, he rnuft neceflarily illuminate 

a degree beyond the zenith, and fo on pro- 

portionably from time to time. 

But as the illuminated part is fomewhat 

more than half, dedud 13 minutes from the 

fhade of extuberancy, arid you have the funs 

altitude with tolerable exadnefs. 

If you have any doubt how far the 

fhade of extuberancy exadly reaches, hold 

a pin, or your finger, on the globe, between 

the fun and point in difpute, and where 

the fhade of either is loft, will be the point 

fought. 

When the fun does not fhine bright o 

enough to caft a fhadow. 

309. Turn the meridian of the globe to¬ 

ward the fun, as before, or dired' it, fo 
t * • •* + 

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 firing 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 

, old , the 
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the globe* moving your eye lower and 

lower, till you can but juft fee the fun: 

then bring the firing, held as before, to this 

point upon the globe* that it may juft ob- 

fcure the fun from your fight, and the de¬ 

gree on the aforefaid hour circle, which the 

firing then lies upon, will be the fun's alti¬ 

tude required, for his rays would fhew the 

fame point if he fhone out bright. 

Note, The moon’s altitude may be ob- 

ferved by either of thefe methods, and the 

altitude of any ftar by the laft of therm 

PROBLEM LVIII. 

To place the terreftrial globe in the 

fun s rays, that it may reprefent 

the natural portion of the earth* 

either by a meridian line, or with¬ 

out lU 

310. If you have a meridian line, fet the 

north and fouth points of the broad paper 

circle diredlly over it, the north pole of the 

globe being elevated to the latitude of the 

place, and {landing 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 

poles and parallel circles upon the globe 
will, without fenfible error, correfpond with 

thofe in the heavens, and each point, king¬ 

dom, and ftate, will be turned towards the 

real one which it reprefents. 

If you have no meridian line, then the 

day of the month being known, find the 

fun’s declination as before inftrudled, which 

will diredt 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 yout* 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 ftrong brafs meridian: 

then move the frame and globe together, 

till the fhade of extuberancy, or term of 

illumination, juft touches the polar paral¬ 
lel for the day, and the globe will be fettled 

as before 5 and if accurately performed, 

the variation of the magnetical needle will 

be ftiewn by the degree to which it points 
in the compafs box. 

T And 



2 74 Defcription and XJfe of the 

And here obferve, if the parallel for the 

day fhould not happen to fall on any one 

of thofe drawn upon the globe, you are to 

eflimate a proportionable part between them, 

and reckon that, the parallel of the day. 

If we had drawn more, the globe would 

have been confufed. 

The reafon of this operation is, that as 

the fun illuminates half the globe, the fhade 

of exuberancy will conffantly be 90 de¬ 

grees from the point wherein the fun is 

vertical. 

If the fun be in the equator, the (hade 

and illumination muff terminate in the poles 

of the world; and when he is in any other 

diurnal parallel, the terms of illumination 

muff fall fhort of, or go beyond either pole, 

as many degrees as the parallel which the 

fun defcribes that day, is diflant from the 

equator; therefore when the fhade of ex- 

tuberancy touches the polar parallel for the 

.day, the artificial globe will be in the fame 

pofition, with relpect to the fun, as the 

earth really is, and will be illuminated in 

the fame manner. 
<V ' . \ 1 X 

V .. . . [ \ ' • ’ 4 - • 

f, i PROBLEM 
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PR0BLEMCL1X. 

To find naturally the fun’s decli- 
j » * k « J < ■ - - - - ■— •*>■* - — * -1 * * * . 

nation, diurnal parallel, and his 

place thereon. 
. t;.',' - ,irf4 r* f Vti/v- f fK'K l-.l I, •' ■ 

311. The globe being fet upon an hori¬ 

zontal plane, and adjufted by a meridian 

line or otherwife, obferve upon which or 

between which polar parallel the term of 

illumination falls ; its diftance from the pole 

is the degree of the fun’s declination: reckon 

this diftance from the equator among the 

larger parallels, and you have the parallel 

which the fun defcribes that day; upon which 

if you move a card, cut in the form of a 

double fquare, until its fhadow falls under 

itfelf, you will obtain the very place upon 

that parallel over which the fun is vertical 

at any hour of that day, if you fet the place 

you are in under the graduated tide of the 

ftrong brafs meridian. 

Note, The moon’s declination, diurnal 

parallel and place, may be found in the fame 

manner. Likewife when the fun does not 

Ihine bright, his declination, &c. may be 

found by an application in the manner of 

problem 57. 
T 2 PROBLEM 
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PROBLEM LX. ^ 

To find the fun's azimuth naturally. 

312. If a great circle at right angles to 

the horizon pafles through the zenith 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- 

» 

Method L :: 

313. Elevate either pole to the polition 

of a parallel fphere, by bringing the north 

pole in north latitude, and the fouth pole 

in fouth latitude, into the zenith of the 

broad paper circle, having firft placed the 

globe upon your meridian line, or by the 

other method before prefcribed > hold 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 fhadow of the 

firing may fall upon the elevated pole; then 

call your eye immediately to its fhadow 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 have only a glimpfe, or 
faint fight of the fun, the globe being ad~ 
jufted as before, ftand on the fhady 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 
cart your eye towards the broad paper circlei 

and the degree it there cuts is the fun’s azi¬ 

muth, which muft be reckoned from the 
oppofite cardinal point. 

PROBLEM LXI. 

To fliew that in fome places of the 

earth's furface, the fun will be 

twice on the fame azimuth in the 

morning, twice on the fame azi¬ 

muth in the afternoon j or, in 
Other words, 

315, When the declination of the fun 

exceeds the latitude of any place, on either 
T 3 * fide 
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fide of the equator, the fun will be on the 

lame azimuth twice in the morning, and 

twice in the afternoon. .. 

Thus, fuppofe the globe re&ified to the 

latitude of Antigua, which is in about 17 

deg. of north latitude, and the fun to be in 

the beginning of Cancer, or to have the 

greateft north declination; 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 fun's center will be on that 

azimuth at 6 h. 30 min. and alfo at 10 h. 

30 min. in the morning. At 8 h. 30 min. 

the fun will be as it were ftationary with 

refpedt to its azimuth for fome time ; as 

will appear by placing the quadrant of al¬ 

titude to the 17th degree north, of the eaft 

in the horizon. If the quadrant be fet to. 

the fame degrees north of the weft, the fun's 

center will crofs it twice as- it approaches 

the horizon in the afternoon. 
- *■ ‘ * *• > 4 4 ' * * ^ i y -A 4.». —^ 

This appearance will happen more or 

lefs to all places fituated in the torrid zone, 

whenever the fun's declination exceeds their 

latitude; and from hence we may infer, 

that the fhadow of a dial, whofe gnomon 

is eredted perpendicular to an horizontal 

plane. 
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plane, muft neceffarily go back feveral de¬ 

grees on the fame day. 

But as this can only happen within the 

torrid zone, and as Jerufalem lies about 8 

degrees to the north of the tropic of Can¬ 

cer, the retroceffion of the fhadow on the 

dial of Ahaz at Jerufalem, was in the firi&efr 

fignification of the word, .miraculous. 

• *4. * jf I b • IJ i 'J iy ■> f ^ 

PROBLEM LXil. . .... 
• • f '\ 

To obferve the hour of the day in 

the moll natural manner, when 

the tcrreflrial globe is properly 

placed in the fun-fliine. 

lb.. *>**j OU'd Cdh'U ' - *»1 fr.'J.l.ff ’V '"' *'*vfip 
316. There are many ways to perform 

this operation with refped to the hour, three 

of which are here inferted, being general 

to all the inhabitants of the earth f a fourth 

is added peculiar to thofe of London, which 

will anfwer, without fenfible error, at any 

place not exceeding the diftance of 60 

miles from this capital. 

T 4 ift, By 
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i ft, By a natural ftile. 

317. Having rectified the globe as before 

directed, and placed it upon an horizontal 

plane over your meridian line, or by the 

other method, hold a long pin upon the 

illuminated pole in the. direction of the 

polar axis, and its fhadow will fhew the 

hour of the day amongft the polar pa¬ 

rallels. 
* l ; 

The axis of the globe being the com¬ 

mon feftion of the hour circles, is in the 

plane of each and as we fuppofe the globe 

to be properly adjufted, they will corre- 

fpond with thofe in the heavens; there¬ 

fore the (hade of a pin, which is the axis 

continued, muft fall upon the true hour, 

circle. v 
* • y ' ■ 

2dly, By an artificial ftile. 

318. Tie a fmall firing with a noofe 

round the elevated pole, flretch its other 

end beyond the globe, and move it fo that 

the fhadow of the firing may fall upon 

the depreffed axis 5 at that inflant its fha¬ 

dow upon the equator will give the folar 

hour to a minute. 
But 
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But remember, that either the autumnal 

er vernal equinodial colure mud firft be 

placed under the graduated fide of the ftrong 

brafs meridian before you obferve the hour,' 

each of thefe being marked upon the equa? 

tor with the hour XII. 
1' * * 

The firing in this lad cafe being moved 

into the plane of the fun, correfponds with 

the true hour circle, and confequently gives 

the true hour. 

3dly} Without any ftile at all. 

319. Every thing being redified as be¬ 

fore, look where the fhade of extuberancy 

cuts the equator, the colure being un¬ 

der the graduated fide of the ftrong brafs 

meridian, and you obtain the hour in two 

places upon the equator, one of them 

going before, and the other following the 

lun. 

Note, If this /hade be dubious, apply a 

pin or your finger as before directed. 

The reafon is, that the fhade of extu¬ 

berancy being a great circle, cuts the equa¬ 

tor in half, and the fun, in whatfoever pa¬ 

rallel of declination he may happen to be, 

is 
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5s always in the pole of the {hade ; confe- 

quently the confines of light and {hade will 

lhew the true hour of the day. 

4thly, Peculiar to the inhabitants of 

London, and its environs, within 

the diftance of lixty miles. 

320. The globe being every way adjufied 

as beforehand London brought under the 

graduated fide of the ftrong brafs meridian, 

hold up a plomb line, fo that its fiiadow 

may fall upon the zenith point, (which in 

this cafe is London itfelf) and the fiiadow 

of the firing will cut the parallel of the 

day upon that point to which the fun is 

then vertical, and that hour circle upon 

which this interfedion falls, is the hour of 

the day; and as the meridians are drawn 

within the tropics at 20 minutes diftance 

from each other, the point cut by the in¬ 

terfedion of the firing upon the parallel of 

the day, being fo near the equator, may, 

by a glance of the obferver’s eye, be re¬ 

ferred thereto, and the true time obtained 

to a minute. 

The 
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The plomb line thus moved is the azimuth, 

which, by cutting the parallel of the dayr 

gives the fun’s place, and confequently the 

hour circle which interfedts it. 

From this laid operation refults a corol¬ 

lary, that gives a fecond way of rectifying 

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 reftified, then making them thus to agree 

mud rectify the globe. 
, ,, ] ^ 1 -i f » r- * | x J 

‘ . : Coroll a r y. 
^ 11i F 4- Itn f(■ •»> 4. fi |llj . * 1 1 > t ** |•“ . *T/ 

Another method to rectify the globe 

to the fun’s rays. 

321. Move the globe till the fhadow of 

the plomb line, which paffes through the 

zenith, cuts the fame hour on the parallel 

of the day, that the {hade of the pin held 

in the direction of the axis falls upon, 

amongft the polar parallels, and the globe is 

rectified. 

The reafon is, that the (hadow of the 

axis reprefents an hour circle and by its 

agreement in the fame hour, which the 

lliadow of the azimuth firing points out, 

by 
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by its interfedion on the parallel of the day, 

it fhews the fun to be in the plane of the 

faid parallely which can never happen in the 

morning on the eaftern fide of the globe, nor 

in the evening on the weftern fide of it, but 

when the globe is redified. 
j / <. ■ i, .* 

This redification of the globe is only 

placing it in fuch a manner that the princi¬ 

pal great circles, and points, may concur and 

fall in with thofe of the heavens. 

The many advantages arifing from thefe 

capital problems relating to the placing of 

the globe in the fun’s rays, an intelligent 

Reader will eafily difeern, 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. Redify the celeftial globe to the 

latitude and fun’s place, art. 189, 190. find 

the place of Venus by an ephemeris, and 

fet the artificial moon to that place in the 

zodiac, which will reprefent the planet y 

bring the artificial fun to the eaftern edge 

of 
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of the horizon; if Venus is then elevated* 

fhe will rife before the fun, and be a morn¬ 

ing ftar; but if fhe is deprefled below the 

horizon, fhe mud then confequently follow 

the lun, and become an evening ftar. 

PROBLEM LXIV: 

To find at what time of the night 

any planet may be viewed with a 

reflecting telefcope. 

323. ReCtify the celeftial globe to the 

latitude and fun’s place, art. 189, 190. feek 

the planet’s place and latitude in an ephe- 

meris $ to which place in the' zodiac, fet 

the artificial moon to reprefent the planet, 

and it will fhew its place in the heavens : 

bring the planet’s reprefentative to the eaftern 

fide of the horizon, and the horary index 

will fhew the time of its rifing; if the ar¬ 

tificial fun is then elevated, the planet will 

not be vifible at that time by means of his 

fuperior light therefore turn the globe from 

eaft to weft until the artificial fun is de- 

prefied below the circle of twilight, art. 

93, and 216. where flop the globe, and 

• ' fcrcw 
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fcrew the nut of the quadrant of altitude in 

the zenith, art* 192, lay its graduated edge 

on the center of the planet, and it will fhew 

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 fame time point out the hour of 

the night. When the planet comes to the 

ftrong brafs meridian, the index will (hew 
the time of its paffage over that celeftial 

circle; and at the weftern edge of the ho¬ 
rizon, the time of its fetting will likewife 
be obtained. 

» a, a 

PROBLEM 
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\ d'L i } i • 1 

PROBLEM , LXV. 
ff a, t / v 

• , ; - vf'%• •, / 

To find what azimuth the moon is 

upon at any place when it is 

flood or high water; and thence 

the high tide for any day of the 

moon’s age at the fame place. 
. ; *t!* ; Of. .t\ 1 3fw Vt !j". 

324. Having obferved the hour and mi¬ 

nute of high water about the time of new 

or full moon, rectify the globe to the la¬ 

titude 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 

fcrew the quadrant of altitude in the zenith $ 

turn the globe till the horary index points 

to the time of flood, and lay the quadrant 

over the center of the artificial moon, and 
it will cut the horizon in the point of the 

compafs upon which the moon was, and 

the degrees on the horizon contained be¬ 

tween the flxong brafs meridian and the 
quadrant, will be the moon's azimuth from 

the fouth. 

To 

/ 
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To find the time of high water at 

the fame place. 

325. Redtify the globe to the latitude and 
zenith, 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. 
,' > * _ . • - / • • 1 ■( f* 

« > ~ 

THE 

4 
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In the Solution of 

Right Angled Spherical Triangles. 

3 26. \ Spherical triangle is formed upon 

jljL the furface of a globe by the in- 
terfedlion of three great circles. 

327. A fpherical angle is the interfedtion 

of two great circles that incline to one an-r 

other; the quantity of any fpherical angle 

is meafured by a third great circle, inter* 

cepted between the legs of the angle, at 

90 degrees diftance from the interfering 
point. , * 

328. A right angled fpherical triangle 

hath one right angle, the fides about which 
/ 

are / 
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are called legs, and the fide oppofite to it 

the hypothenufe. 

329. An oblique angled fpherical tri¬ 

angle has its angles greater or lefs than 90 

degrees: the folution of fpherical triangles 

confifts in finding the meaiure 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 complement to a femi- 

circle be taken. 

CASE I. 

PROBLEM LX VI. 
V •' > *•*? * t > * 

The hypothenufe and one leg being 

given, to find the reft. 
- * ?. * 1 * i 

\ L j r,' t f , ■* . * l • W ; ' f ; 4 \ r * . r • 

In the right angled fpherical triangle 

ABC, fig. 29. are given 
, ' * • .. i' f ' ■ t / - * ’ a j - •*’’ f 

, 1 o J 1 f the leg BA 
The hypothenufe BC 64 40 jto find jthe angIes| 
The leg 

ACB 
CBA 

331. Fig. 30. elevate the pole P to 420 

12', the quantity of the given leg A C, and 

number the fame quantity on the ftrong 

brafs 
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brafs, meridian from iE, the equator to Z, 

the zenith; there fix the quadrant of alti¬ 

tude. Bring that meridian which paffes 

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- 

terfedts the equator, and the triangle Z G JE 

will be formed. 

The fide JE Z reprefents the given fide 

A C, the hypothenufe B C is reprefented by 

the arch Z G, the required fide A B is re¬ 

prefented by G JE an arch of the equator, 

its meafure 540 43', between JE and G is 

the quantity fought; the angle A C B, is 

reprefented by the angle G Z JE, and its 

meafure is found on the arch A O of the 

horizon equal to 64° 35'. 

332. To find the other angle A B C, 

having obtained the meafure of the fide B A, 

540 43', elevate the pole P agreeable there¬ 

to, and reckon the fame from JE to Z; 

there fix the quadrant of altitude 5 number 

the other leg A C, 42° 127 from JE to G 

on the equator (the meridian palling through 

London remaining as before) and to that 

point bring the quadrant of altitude; then 
U 2 • the 
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the arch A O, on the horizon, will contain 

48° oo', the meafure of the angle M ZG, 

equal to ABC, the angle fought. 
is fi& A* £) bnJ5, tvsi oi Ij&upo 3 A 

CAS E II. 3in.3rfj lo 
fJSnilipoi hOUJO .341* *0 pill ci 

PROBLEM LXVII. 

The hypothenufe and an angle being 

given, to find the reft. 

In the right angled triangle ABC, fig. 

29, arejgjv^ot { m a j a, O Jl *1 
o t j r the angle ABC 

The hypothenufe BC 64 40 y to find J , , \ AB 
The angle ‘ ACB 64 35 j [the \ AC 

333. Fig. 33. place P p the poles of the 
globe ifi the horizon H O, and fix the qua¬ 

drant of altitude to Z the zenith; number 
64° 35', the meafure of the given angle, 
upon the horizon from JE to F $ move the 

quadrant to the point F, and thereon count 

64° 40', the quantity, of the hypothenufe 

from Z downwards to G, to which point 

bring that graduated meridian which paffes 

through Libra and the triangle G Z ^ 

will be formed. 

1 

ZG 
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Z G an arch of the quadrant of altitude 

ireprefents the hypothenufe; Z £* an arch 

of the equator reprefents the required fide 

AC equal 16 42° 12', and G an arch 
of the meridians P ^ p equal to 540 43 
is the meafure of the other required fide 

A& -41VXJ M J :j.' 
Now having found the fide A B, adjacent 

to the required angle ABC, its meafure 

may be fdund by art. 3^2. 

:§rt ,0 a A E IIL 3di «I 

PROBLEM LXVIII. 

A leg and its adjacent angle being 

given, to find the reft. 

In the right angled triangle ABC, fig. 

29. are given 

O , 1 r the leg AC 
• The leg BA 54 43 ]» to find <J the angle ACB 

The angle ABC 48 00 J f the hyp. BC 

K'l.,'. <4 ItOZTi! y bill t 1 .}li:. <{ 3$ OS ibj?Up 

334- Fig-3°- elevate the pole P, to 540 
43', the quantity of the given leg BA; 

count the fame from JE to Z, and fix the 
quadrant at Z; bring that meridian which 

pafles through London under the ftrong 
f - U 3 * brafs 

v 

/ 
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brafs meridian, and reckon the given angle 

48° 00', from O to A, on the horizon; 

bring the quadrant to A, and the triangle 
ZG.dE will be formed. ‘ ! ' * ' 

■ ^ .it ' ; 

We have the meafure of the required fide 

C A upon JE G an arch of the equator, 
equal to 420 i27, and the hypothenufe B C, 

upon GZ, an arch of the quadrant, equal 

to 64° 40', the angle A C B may be found 

by art. 332. 

'CASE IV. 

PROBLEM LXIX; 

Both legs given, to find the-reft. 

In the right angle triangle ABC, fig. 29. 
f* , j 

are given 

335. Fig. 30. elevate the globe to the 

quantity of either given leg as A C, 420 i2'y 

number the fame from JE to Z, and fix the 
quadrant at Z, fet the meridian which pafles 

through London under the ftrong brafs me¬ 

ridian, and count the other given leg A B, 

■ , 54° 

/ 

1 
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540 43' upon the equator from JR to G, 
bring the quadrant to G, and the triangle 

Z G JE will be formed. 

The arch Z G on the quadrant of alti¬ 
tude 64° 40' is equal to B C the hypo- 

thenufe, the arch O A, 64° 35' on the 

horizon, is the rrieafure of the angle G Z JE, 

equal to the required angle A B C. The 

other angle may be found by art. 332. 

C A S E V. 
f, . j * "“s’ 

PROBLEM LXX. 

Both angles given, to find the three 

fides. 

In the right angled triangle A B C, fig. 

29. are given 

f 0 /l rthehyp, BC 
The angles 1 ACB 64 35 Go find J , f d f AC 

t ABC 48 oo j lthelldes l BC 

336. Ifn this fifth cafe, we muft have re- 

courfe to art. 330, and then we fhall have 

an oblique angled fpherical triangle a b c, 

fig. 31. whofe fide a b 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 complement of the right angle 

to 180 degrees, which muft therefore ne- 

ceffarily be 90 degrees. 

337. Fig. 30. number 48° 00' the fide 

b c of this fecond triangle, from P, the 

pole of the globe to Z, and there fix the 

quadrant of altitude y then bring the point 

Z into the zenith, art. 192. and count 90° 

oo; the quantity of the fide a c, from P the 

pole to G, upon that meridian which pafles 

through & 3 number the fide a b, 64° 35' 

upon the quadrant of altitude downwards 

from Z to G, then move the globe and the 

qti&drant, until thefe quantities meet in one 
point at G, and the triangle P Z G will be 

formed. 
\ * f » * T 

The arch JE G, on the equator, will give 
the meafure of the angle JE P G 540 43', 
equal to the required fide A B 3 and the 

arch A O, in the horizon, that of the angle 
G Z JE 64° 40^ which is the complement of 

the angle PZG to 180 degrees, and is equal 

to the hypothenuie B C: thus having obtained 
the meafures of two of the required Odes, 

we have fiifficient data to find the third fide 

A C, either, by me firft or fecond of the pre- 

ceeding cafes, art. 331, 333. 

The 
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The ufe of the Globes in the 

folution of oblique angled 

fpherical triangles. 

\ j”* CASE I. 
? /T VT > 2 y • - ' K - * ■ " T*' r 

PROBLEM LXXJ. 

Two tides and an angle oppofite to 

one of them being given, to find 

the reft. »;«>' imifatup ana- 

In the oblique angled fpherical triangle 

BCD, fig. 32. are given 

BC 83 
CD 56 

The angle' CBD 48 

The Tides 1 13 7 fth 
40 j to find I th 

f the fide ED 
, { BCD 

e angles ^ BDC 

33^' F‘g- 30. Count the fide BC 83° 
13', on the ftrong brafs meridian from P 

to Z y fix the quadrant of altitude at Z3 and 

bring that point into the zenith $ and from 

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° 3-1on the equator from the point ^ 
at 

✓ 

1 
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at G eaftward, towards JE, where flop the 

globe, and bring the mark upon the qua¬ 
drant to coincide at G with the meridian 

» *• , « • 

P G, which pafles thro’ then the arch 

P G will contain 1140 30', the meafure of 
the required fide B D $ and the arch H A 

in the horizon 1250 20', will be the mea¬ 

fure of the angle B C Dj the other angle 
P G G, equal to the required angle B D C, 

may be found by art. 332, in changing the 

fides upon the globe. Or, 

339. If you make a mark on the globe di- 

re&iy under the point Z, and bring the point 

G to the zenith, over which the quadrant of 

altitude is to be fixed, and lay its graduated 

edge upon the point juft marked $ it will 
fhew in the horizon, between the ftrong 

brafs meridian and quadrant, 62° 51', the 

meafure of the required angle P G Z, equal 

to the angle B D C. 

CASE 

1 
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C A S E llf> , , , 
1 h % * i * i *' Jr*, M ; i f-J> JL Jt " - L </ t' *3 \ % ,..y 9 

P R OB LE M LXXII. 
< v>*T-h > K - f'9* f 

f e 1 *1 j . f i » f 1 I '{ 1 I 1 j J (- • t> I. ^ V.# 

Two angles and a fide oppofite to 

one of them being given, to find 

the reft. 
\ s M; “ ,»r:o \d* c 1 j 

In the oblique angled triangle BCD, 

fig. 32. are given 

The angles £ 11 to find jthe fldeS \ 
mr » j _ nr'' o __I __1^ 1 The fide BC 83 13 3 

CD 
BD 

the angle DBC 

340. Fig. 30. Reckon the angle B D C, 

62° 51^ which is oppofite to the given fide 

upon the equator from ^ eaftwards, and 

bring that point to M; count the given fide 

B C, 83° 137 upon the quadrant of altitude 

from Z downwards to G, where make a 
mark, and number the other given angle 

BC > 125° 30', in the horizon from H to 

A; fet the lower end of the quadrant to the 

point A, and hold it there while you Aide 

the pole of the globe higher or lower, until 

the mark on the quadrant at G, interfe&s 

that meridian which pafies through c:, and 

at 
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\ * *• 

at the fame time, that the nut at the up¬ 

per end of it may be exadtly in the zenith, 

where fix it, and the triangle P Z G will 

t>e formed. o. , 
s ■ fiosnou prtl no ^ o£ ££ i €vi J > 

The arch P Z, of the flrong brafs meri¬ 
dian, contains 56° 40', the quantity of the 

required fide C D, and the areh P G 1140 

30', is equal to the other required fide B Dj 

the angle D B C may be found by art. 3321 

or 339. 

>n. 
CASE III. 

UU 

PROBLEM LXXIIL 
t 

Two fldes and their contained angle 

given, to find the reft. 
.  m ^ f - f1 * » * /'fr-.-n. 

In the oblique angled triangle BCD, 

fig. 32. are given 

«» / , 
rrt. ri ■ 5 BC 83 13 ^ rthefide .,BD 
The fides } DC 40 t to find j , . (DEC 
The angle BCD lts 30 j ' |the an8Ies \ BDC 

341. Fig. 30. Count the fide C D 56° 

40' from P to Z on the ftrong brafs me¬ 

ridian $ bring the point Z into the zenith, 

and to it fix the quadrant of altitude, and 
number 

N _ I 
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number from Z downwards to Q, the quan¬ 

tity of the fide B C 83° 13', and there 
make a mark; then count the given angle 
B C D, 1250 30', on the horizon from H 

to A, and to A bring the quadrant; laftly, 

bring the meridian which pafles through ^ 

to the point G marked on the qtiddrant, 
and the arch P G* 114.0 30', will be the 

meafure of the required fide B D, and the 

equatorial arch A£ G, 63° 51' is the mea¬ 

fure of the angle BDC, equal to the angle 
G P Z: the other angle may be found as 

before fliewn, art. 332, 339. 

CASE iy. 
v 'i ** / 

PROBLEM LXXIV. 

Two angles and the included fide * • ' »* o 
given, to find the'xeft. 

In the oblique angled triangle E C D, 

%. 32, are a^a stesirr 

CD 
? BCD 

The fide 

The angles ^ 

56 49 
125 30 

s 

PI 
jo > to fin 

£ < 

rthe angles DBp 
find ) .r" r , ( BC 

if!des ( BD 

342. Fig. 30. Number the fide CD, 56' 

'£ 40', from P to Z, and brine’ 2 'into the 

zenith, 
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zenith, and fix the quadrant there alfoj 
count the angle BDC, 62° 51' on the 
equator, from ~ to JE; number the angle 

BCD, 125° 30', upon the horizon from H 
to A, and bring the quadrant to A 3 then 
PG, 1140 30', will be equal to B D the 
required fide, G Z 83° if equal to the 
other required fide B C, and the angle 

P G Z equal to the angle DBC, may be 

found by art. 332, 339. 

CASE V. 
* • * 't 

PROBLEM LXXV. 
1 ; - 4 

Three fides given, to find the angle. 

In the oblique angled triangle BCD, 

fig. 32, are given 

fBC 
O 

83 13] ) r BCD 
The Tides I CD 56 40 '>■ to find the angles J CDB 

Ibd JI4> 3° J \ Idbc 

343. Fig. 30. Number the fide C D 56° 

40', on the firong brafs meridian from P to 

Z, bring Z into the zenith, and to it fix the 

quadrant of altitude3 count the fide B D, 

1140 30' on the meridian, which gaffes 

through ~ from P to G, and the 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 H A 1250 20' on the horizon 

will be the meafure of the angle PZG, 

equal tQ the required angle BCD, the arch 

JE S 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 BCD, 

fig. 32. are given 

f BCD 125 20 rEC 
The angles ) CDB 62 51 1 to find the Tides J CD 

(.DBC 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 die angles as in the laft pro¬ 

blem. 
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blem, where the angles in the converted 
triangle will be the Tides required in this. 

Having fhewn how to Tolve all the cafes 

in right and oblique angled fpherical tri¬ 

angles, we proceed to (hew the extenfive 

ufe of the globes in the folution of a few of 
the principal aftronomical problems, ac¬ 

cording to Dr. Flamfted’s dodlrine of the 

fphere ; and as we do not know thefe have 

ever yet been applied to the globes, hope the 

Reader will think them both entertaining. 

and ufeful. 
* • 

0, 

lld&D'UC* 3$ I M l ♦>/!»? 
• , j - ' -l ^ t>( 

l|'fj ii j -• j * f » . » " ' 

* 

tv* 'i ^ j,| a**. . .... i $ A \ » 
v'v; v -f ■ t t..-J <• 

The 

I 
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The Ufe of the Globes in the 

blemSi 

PROBLEM lxxvii. 

Given, the fun’s place in the 

ecliptic in o 12° 15'. The in¬ 

clination of the planes of the 

equator and ecliptic, 230 2g'. 

'To find the fun’s right afceniion 

from the firft point of Aries, the 

fun’s distance from the north pole 

of the world, and the angle, which 

the meridian, palling through the 

fun at that place, makes with the 

ecliptic. 

• , |1 * 

345* Fig. 34. The circular fpace marked 
vs, T, reprefents the ecliptic, e its 

pole, P the north pole of the world, ele¬ 

vated 66| degrees above the firft point of ® • 
The eye is fuppofed to be placed dire&iy 

X over 

Solution of fpherical Pro- 
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over the point e, when the reader compares 

this figure with the globe. 
Make a mark 0, at 120 1 f in Taurus, 

to reprefent the fun’s place in the ecliptic, 

and turn the globe till that meridian which 

pafles through & interfeds the point 0 $ it 
will then reprefent the fun’s meridian at 

that time. 
The globe being thus redified, we have 

between the fun s proper meridian P 0, and 

the folftitial colure So P vs, here reprefented 

by the ftrong brafs meridian, with the arch 
0 S, a fpherical triangle 0 © P, right 

angled at So, in which we have the fol¬ 
lowing data. See fig. 34. 

.. .. \ ~ X i * • i - 

So 0 470 45'3 the complement of T 0,' 
which is the fun’s diftance from the firft 
point of Aries. 

So P 66° 31, the complement of P e, 230 

29', the diftance of the poles of the equa¬ 
tor and ecliptic. 

To find the angle 53 P 0, the complement 

of 0 P T, the fun’s right afcenfion from 
the firft point of Aries, art. 202. 

The fide P 0, the fun’s diftance from the 

north pole of the world. And 

The 
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The angle ® 0 P, which is the angle that 

the meridian pafiing by the fun make 

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 pafies through which are equal 

to 50° 12', its complement^ 390 48' is the 
fun's right afcenfion, which is that angle at 

the pole formed by the proper meridian 
0 P with the fneridian T P. 

Note, This arch of the equator could 
not be reprefented in fig. 34. it being under 

the broad paper circle$ but the reader will 
fee it plainly when the globe is thus redti- 

Sfild. , a * sxnslq’©d ©■ 1 t 0 

The quantity of the fecbnd poftulatum* 
which is the fun's diftance from the rieareft 

pole, is found by in(j!)edlioh, 740 ifr upon 
tfte arch P 0 of that meridian pafiing thro" 

its complement P i, equal to 150 33' 

is the diftance of the north pole from the 
edge of the illuminated difc, reprefented 

upon the globe, as in fig. 34. by the femi- 

circle f e g, the black line f e being the 

quadrant of altitude^ and the other dotted 

X 2 half 
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half e g being fuppofed or, if the reader 

pieafes, he may reprefent it with a firing. 

This complement P i is, by Mr. Flamfled, 

called the refle&ion, and is ever equal to 

the fun's declination. 

Laftly, the meafure of the angle SOP, 

is obtained by ferewing the quadrant to e 

the pole and zenith point of the ecliptic, and 

counting 90 degrees from 0 to f j thither 

bring its lower end, then will the arch 0 i 

be a quadrant alfo and the quantity 720 

io', counted from f to i, upon the quadrant 

of altitude, is the meafure of the required 

angle S 0 P, formed by the meridian i P © 

with the ecliptic O £0 

/ 

PROBLEM 
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PROBLEM LXXVIII. 
r* * *) v * *i *r ^'')' I .< ■ 

Given, the fun s place in the eclip¬ 

tic o 120 15', the reflexion or 

declination 150 33', and latitude 

of the place, fuppofe, London, 

5»° 32- 

To find the time of the fun’s riling 

and fetting ; the length of the 

day and night; the amplitude of 

the rifing-fun from the eaft, and 

of the fetting-lun from the welt; 

and that of the path of our ver¬ 

tex in the edge of the illuminated 

difc. 

346. Fig. 35-. elevate P, the pole of the 
globe, to 150 33;> the fun’s declination, 

above the plane ofBd Gi, the circle of illu¬ 

mination : count the fame quantity from - 

/E the equator to £>, at which point fix the 

quadrant of altitude; this point will repre- 

fent the fun’s place ; make a mark upon the 
globe on that meridian which paffes thro’ 

X 3 a* at 
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~ at 51 ° 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 weft to eaft, pafles out of the obfcure 

into the enlightened part of the difc; iPd 

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 51° 32' 
from M the equator to O, and G the place 
in the difc, from which the fun is feen to 

let, 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 

' \ • '} , 1 . • * . 

other fide of the difc, (not here reprefent- 
ed, but to be feen upon the globe) is the 
nodturnal part of the path of London. 

If you bring the mark on that meridian 

which pafles through & to the point G, and 

the quadrant of altitude to the fame point, 
it will be plain that we fhall have two tri¬ 

angles formed on each fide of i P 0, the 

funs proper meridian, viz. 0 PB, Bi P, 
on 
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on the oriental or afcending fide, and 0 PG, 
i P Gy on the occidental or defcending fide. 

In either of thefe four triangles there are 

fufficient data to find what is required in 

this problem. In the triangles 0 P B, 0 PG, 

are given, 0 P in both, the fun’s diftance 

from the pole, P B, equal to P G, the dif¬ 

tance of the vertex from the pole, which is 

always equal to the complement of the la¬ 

titude, with the tides 0 B, 0 G, each equal 
to 90 degrees. 

To find the angle PB0, orPGi, the 
fun’s amplitude from the north, when tiling 
or fetting; and the angle 0 PB, or 0 PG, 
the time before noon. But as the two laft 

mentioned angles are obtufe, we chufe to 
refolve this problem by one of the two lefier 
triangles P B i, P G i. each of them being 

right angled at i, in which are given, P i, 

the reflection, 150 33', equal to the decli¬ 
nation, B P, equal to P G, 38° 28', the dif¬ 
tance of the pole from the vertex. 

To find the angle P Bi, or F*Gi, the 
complement of 0 B i, or 0 G i. the fun’s 

amplitude at rifing or fetting from the eaffc 
or weft, and the angle i P equal to the 

angle i P G, which are formed between the 

X 4 fun’s 
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fun’s proper meridian, and that which paffea 

through the vertex at fun-rifing or fetting: 

this changed into time, exprefles 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 obtained from the globe as fol¬ 
lows. 

The meafure of the angle B Pi is obtain¬ 

ed by infpedion, reckoning from a upon 

the equator to the ftrong brafs meridian, 
which is 96° 317: if reduced to time, it is 

4h. 38 min. in the morning, at which time 

the fun rifes at London, when he is in 
* ' r 4. . v i • 

12° 15', and confequently fets at 7 h. 22 m. 

afternoon. See art. 249. 

The quantity 350 38' of the required 

fide B i, is obtained by infpe&ion 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 firft point of 
(T bn the ecliptic ; then count the comple¬ 

ment 54° 227 of the fide B i, from i to x, 

where make a mark ; and count the com¬ 

plement of B P, 510 32' from P to y, upon 
the 
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tlie mqveable meridian, where make another 

marks remove the quadrant of altitude, and 

apply it between theie t\yo marks, and the 

quantity 25° 31' is the meafureof the angle 

PBi, art. 327. This is the fun's amplitude, 
from the eaft,; or N. E. 30 i‘ eafterly. 

PROBLEM LXXIX. 
.Vf’i “ 

Given, the latitude of the place 510 

32', or rather its complement 38° 

28', which is the diftance of the 

path of the vertex from the pole, 

and the fun’s diftance from the 

pole, 740 27', which is the com¬ 

plement-of his declination 130 

S3'- 

To find the fun’s diftance from the 

vertex at the hour of fix, and his 

amplitude at that time. 

< * * ' 

337. Fig. 3 5. Elevate P, the pole of the 

globe, to 150 53/, the declination; bring the 
moveable meridian to that which pafies 

through London; Aide the artificial horizon 
« *■ ~ * * • — 

to 
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to 510 3 2', the latitude of the place, and 

turn the globe till the fixth hour upon the 

equator come$ under the graduated fide of 
the ftrong brafs meridian 5 then the move- 

able meridian, together with that which 
paffes thro’ ~, will reprefent the fix o’clock 

hour-circ}e FKPAg ; fix the quadrant of 

altitude to 150 33', at the point 0, counted 

from JE the equator 5 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 

AP 0, K P 0, right angled at P, are given 

PK, equal to P A, 38° 28', the diftance 

of the vertex from the pole, 0 P, the path’s 

diftance from the pole 74° 2J1. To find 

0 K, or 0 A, the fun’s diftance from the 

vertex at the hour of fix, and either of the 

angles, 0 A P, or OKP, the fun’s azimuth 

from the north at the fame time. 

It is plain that P 0, 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 lun rifes, 

when the vertex B comes in the weftern 

edge of the fun’s enlightened difc. Therefore 
it 
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it muft be at K, at fix o’clock in the morn¬ 

ing ; at noon the vertex will be at O, upon 

OP, the fuffs proper meridian; and at fix 

in the 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 
pf the difc, the fun will be feen to fet weft- 

ward of the vertex. 

The required fide 0 K, which is the fun’s 

diftance from the vertex, is found by count¬ 

ing the quantity 770 53' upon the quadrant, 
from 0 toK; and the angle 0 K P, 8o° 

II7; the fun’s azimuth from the north may 

be meafured by producing the fide K 0, to 

90 degrees from K to m, (art. 327.) the 
fide K P being already produced on the 

other fide of the ftrong brafs meridian, K P 

is known to be 38° 28'; therefore count 

its complement 510 32', from P to n, upon 
that meridian which paflfes through &y and 
there make a mark; now remove the qua¬ 
drant of altitude to cut the oppofite point 

of the horizon to that at which it flood be¬ 

fore, and count thereon from 0 down¬ 

wards 120 oy1 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° n', the 

fun's azimuth from the north. 

Note, A flexible ferniwcle 0f pofition, if 

applied with the quadrant of altitude, will 

be found ufeful in this and many other cafes. 

PROBLEM LXXX. 
‘ # ^ X i ' r . • ... ' ; 

To find the fun’s diftance from the 

vertex when due eaft or weft, 

and the hour, or time from noon, 

when he fhall be in either ojf 

thefe points, 

348. Fig. 35. the north pole of the globe 

being elevated to the fun's declination, as 

in the laft problem, and the quadrant fixed 
at 0 as before, the moveable meridian placed 

on that of London, and the center of the 

artificial horizon fet to the fame 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 0 K P will be formed; in which 
is given 0 P, the fun’s diftance from the 

pole 740 2y'; P K the diftance of the 

path from the pole, 38° zV \ 0 K, the 
* . .. > - fun’s 
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fun’s diftance from the vertex, when due 

eaft and weft, may be found by infpedtion, 

counting from 0 to K upon the quadrant, 

70° o': the meafure of the angle 0 P K 

is alfo. obtained upon the equator, counting 
from that point where it is crofted by the 

quadrant of altitude, to its interfe&ion with 
the graduated fide of the ftrong brafs meri¬ 

dian, 770 53', in time 5 h. 9 m. from 
noon, which is 51 min. paft 6 in the morn¬ 

ing; or at 9 min. paft 5 in the afternoon, 

when the fun is due eaft or weft. 

The fun’s diftance 70° o' from the ver¬ 

tex as found above, when due eaft or weft 
fubtradted from 90 degrees, leaves 20 deg, 
which is its altitude above the horizon at 

either of thefe times, for © v, © w are 

quadrants, from which if we take © K in 

the firft, or © A in the fecond, 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 iii 

the morning, which is 4 hours 

from noon, and the fun’s diftance 

from the pole, 740 27'. 

To find his diftance from the vertex. 

349. Fig. 35. elevate P the pole of the 

globe to the fun’s declination, 150 33' fet 

the moveable meridian to the vertex of Lon¬ 

don, and Aide the center of the artificial 

horizon to that point at K, and turn the 
gtobe, until the eighth hour-circle inarked 

upon the equator comes under the graduated 

fide of the ftrong brafs meridian; the qua¬ 

drant of altitude being fixed at the point 0 
as before, turn it to the point K, and the 

triangle fPR will be formed; in which 

is givenrthe angle K P 0, four hours from 
noon, PK, 38° 28' the diftance of the 

path from the pole > 0 K the fun’s diftance 

from the vertex will then be found, by in- 

Ipeftion on the quadrant, counting from 0 

to K 590 2o/. 

PROBLEM 
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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 from the vertex by obfer- 

vation, 46° n7. 

To find the time of the day when 

that obfervation was made* and 

the azimuth upon which the fun 

was at that time. 

35°. Fig. 35. elevate P, the pole of the 
globe to 150 33' the complement or the fun's 

diflanee from the pole; bring the moveable 

meridian to the vertex of London, and Aide 

the center of the artificial horizon to that 

point : then fcrew the quadrant to 0 the 

zenith of the illuminated dilk, and bring 

its graduated edge to London; and move 
the globe and quadrant, that the vertex may 

cut the quadrant at 46° 11the obferved 
diftance counted from 0 to K; and an ob¬ 
lique angled triangle 0 K P will be formed 

upon the globe, in which we have three 

fides- 
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Sides given, 0 P, 74° 27' the fun’s diftance 

from the pole, Q K his obferved diftance 

from the vertex 46° 11' in the morning, 

and K P 38° 28' the diftance of the pole 
from the vertex: to find the angle K P 0, 

count the quantity contained upon the equa¬ 

tor, between the moveable and rtrong brals 
meridians, which will be foiind 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 # may be meafured by 

producing the arches which include the 

angle to the diftance of 90 deg. frdrii the 

angular point as in art. 332. or by art. 339. 

and it will be found 127° 407, or 11 points 
of the compafs from the north, reckoned 

found by the eaft, or SEbE, 30 35' 

foutherly. 

If the obfervation had beeh made in the 

afternoori, at the fame height or diftance 

from the vertex, the anfwers would have 

been the fame, but in a contrary di¬ 

rection. 

By this problem we may regulate our 
clocks at any time of the day,1 without flay¬ 

ing till the fun comes to the meridian 5 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 difference between this 

and the time pointed out by the clock at the 
inftant of obfervation will Ihew how much 

the clock is before or behind the folar appa¬ 

rent time, 

PROBLEM LXXXIII. 

Given, the latitude of the place 51° 

32', the fun’s place » 12° i§r> 

the fun’s right afcenfion, 390 48', 

at one o’clock afternoon, being 

the time when art obfervation was 

made: 

To find, what point of the ecliptic 

culminates upon the meridian, 

which is the higheft point of it, 

or the 90th degree from the points 

wherein it interfects the horizon, 

and confequently thofe points 
themielves; the diftance of the 

nonagefimal and mid - heaven 

Y points 
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points from the vertex ; and the 

angle made by the vertical circle 

palling through the fun at that 

time with the ecliptic. 

351. Fig. 34. elevate P the pole of the 

globe to 66i degrees, count the fame quan¬ 

tity from JE the equator to e, there fix the 

quadrant of altitude; this point e, will then 

be the pole of the broad paper circle marked 

T & Q vs, which now reprefents the eclip¬ 

tic, in which at O put a mark, at 120 

^15 A: for the place of the fun ; bring the gra¬ 

duated edge of the moveable meridian firft 

to the vertex of the given place, in this ex¬ 

ample London, and bring the center of the 

artificial horizon thereto; next fet it to the 

jDoint marked 0, and the horary index to 

that XIIth hour upon the equator which is 

mod elevated, and turn the globe until the 

given time one hour from noon comes 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 redified for 

a folution of this problem, in which we 

have two fpherical triangles, P © D, and 

ePE. 
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E, is that point in the path on which the 

vertex is at one o’clock afternoon, D, that 

point of the ecliptic which then culminates 

upon the meridian E 0 £v the angle made 

by E 0 the vertical circle then pafling thro’ 

the fun with the ecliptic; the point T in 

the ecliptic, which is cut by the quadrant 

of altitude pafling through E, isr evidently 

the neareft point to the vertex, or the high- 

eft or nonagefimal point of it. E T is the 

diftance 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 D ® P, is given the angle 

© P D, the complement of T P D, which 

is the right afcenfion of the mid-heaven, 

the fun’s given right afcenfion 390 48 

agreeable to the fun’s place 120 iy7, at 

noon, to which the addition of 150 for one 

hour after noon, as we did above in redti- 

fying the globe, makes the angle T JP E> 

540 481 the prefent right afcenfion of the 

mid-heaven and P E D the meridian at that 

time 5 P £5 66° 3 k, and the angle at S 
right. 

Y 2 
0 

I. To 
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I. To find © D, the complement of Y 

D, the longitude of P D the mid-heaven 

from the firft point of T, which is ob¬ 
tained on the ecliptic here reprefented by the 

broad paper circle between points and D, 
32° 54', or between Y and D, 570 6', the 

longitude itfelf, which is 27 deg. 6 min. in 
Taurus. D is that point of the ecliptic 

which culminates upon the meridian at that 

time, whence we may readily find what 

points of the ecliptic rife and fet at that 

time. 

The quantity 70° 2 f 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 poles if we 

deduct PE 38.28, or count the quantity 
between D and Er we (hall have 310 59', 

the diftance of the point D in the ecliptic 

which now culminates on the meridian from 

the vertex E, its complement to 90 degrees 

being 58° l1 is the height of the ecliptic 

at this time, or the inclination of the eclip¬ 

tic to the horizon of the place, 

II. To find ^ T, the complement of 
Y T, which is the longitude of the nona- 

gefimal. 
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gefimal, and T E its diftance from the 

vertex. 

In the oblique angled fpherical triangle 

P e E, are given P e 23° 29the diftance 
of the poles of the equator and ecliptic, P E, 

38° 28' the co-latitude with the included 

angle e P E 1440 48', the complement of 

350 12' the diftance of the mid-heaven 

from the firft point of £5 to 180 degrees. 

The meafure of this angle is obtained upon 

the equator between theftrong brafs, and the 
moveable meridians. u*;:* 

To find the angle P e E, as it is included 
between So e, the ftrong brafs meridian, and 

eT the quadrant} we have its meafure 

240 44' upon the arch ® T of the ecliptic, 
its complement 65° 16' is Y T, the longi¬ 
tude of the noriagefimal from the firft point 

of Aries, or & 50 16/ its diftance E T from 

the vertex E, is gained on the quadrant, of 

altitude 31° 2/, the complement of which 

5*0 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 ** 50 16', three figns or 90 

Y 3 degrees 
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degrees counted on the broad paper circle 

from T towards x will give ^ 50 16' for 

that point of the ecliptic which is then riling, 

and the fame quantity counted from T to? 

wards y will fall upon X 50 i67 which 

point is then fetting. 

III. To find the angle E^T being that 

which a vertical circle E 0 palling through 

the lun at that time makes with the eclip¬ 

tic y this is called the paralladlic angle. 

To reprefent this angle upon the globe 

it is neceflary to have a flexible flip of brafs, 

or a flip of parchment about the breadth 

of the quadrant of altitude, with the di- 

vilions infciihed on it with a pen; if thi$ 

flip be applied to the point 0 and its gra- 

duated edge laid over the vertex E, and 

extended to the quadrant of altitude firflf 

removed to x 90 degrees from 0 it will in- 

terfed the quadrant at w, the quantity upon 

the quadrant, from x to w, will be 56° 293, 

the meafure of the paralladic angle E 0 T. 

The refult of this problem is as follows: 

That point of the ecliptic which cul¬ 

minates on the meridian is in 8 270 6' its 

diflahce from the vertex 31° 59^ the highefl: 

or. nonagefimal point of the ecliptic, xc 

5° *6', 
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30 16', its diftance from the vertex 31° 2'y 

the rifing point of the ecliptic ar 59 16/, its 
letting point x 50 i6y, the diftance. of the 

nonagefimal from the mid-heaven 8°. io7, 
and the paralladtic angle at this time 56° 59b 

. , 1. . ;» » , 

PROBLEM LXXXIV. ' r ''' 
V.+ > - * 

4 i - ■ i » . «. - -d « • • 

Given, the latitude of the' place, 

right afcenfion and declination, of 

any point of the ecliptic, or of a 

fixed fear.: 
s ' i • ... • * « - 'J •*;-«» 

To find its rifing or fetting ampli¬ 

tude, its afcenfional difference, 

and thence its oblique afcenfion. 
i ■* t ■, * * . * ^ i 

'•* ‘ ; ^ t ‘ •* - *J r 4 v ilQ^Ujn 

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 

£0 F, the tropic of that name, marked 

© eF, in fig. 36, bring the firft point of £5 

on 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 t^pre- 



■328 Defcription and life of the 

reprefented in the figure by P e g p, then 

a e, upon the horizon at H O, or the angle 

aZe, from the angular point Z m, the ze¬ 

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 c^f right afcenfion paffing through 
the points e and g, and the horizon its af- 

cenfional difference, which fubtradted from 

its right, leaves its oblique afcenfion. 

The afcenfional difference is the difference 

between that point of the equator, which 

culminates upon the meridian, with the firft 

point of Cancer, and that other point of 

the equator which rifes with it above the 

horizon; it is here fubtradted, to find the 

oblique afcenfion; becaufe that point of the 

equator which rifes with the firft point of 
Cancer, comes to the horizon before the 

paint of its right afcenfion, or that point 

with which it culminates upon the meridian. 

In the triangle age, we have g e, the 
northern declination of the point e, in the 
diurnal parallel of the firft point of Cancer, 
equal to 230 29', the angle g a e, which 

is the inclination of the planes of JE the 
■ * v - equator^ 
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equator, and H O the horizon, with the 

angle at g right. Whence upon the horizon 

we obtain between a and e, 390 50, the 

rifing amplitude of the firft point of £0, 

which is N E b E, and 50 20' more, .Up¬ 

on the equator, from a to g, we find 33° 

9', the afcenfional difference of the firft 

point of Cancer: which fubtradled from 
90 deg. the right afeenfion of that point, 

leaves 56° 51', its oblique afeenfion. 

Every thing elfe upon the globe remain¬ 

ing the fame, if we bring the moveable 

meridian to the point n, where the tropic 

of Capricorn interfe&s the horizon, we 

lhall have another triangle a b n, equal to 

the former, wherein the firft point of Capri¬ 
corn has the fame 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 afeenfion of the firft point 
of Capricorn, 270° 00'> gives its oblique 
afeenfion 303° og'y becaufe that point of 

the equator which rifes with the firft point 

of Capricorn comes to the horizon after the 

point of its right afeenfion,^ or that with 
which it culminates upon the meridian. 

.353» ISTote, 
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353. Note, Every liar which rifes with 

any point gfi the ecliptic has the fame ob¬ 

lique afcenfion with .that point. 

The liar marked v, in the leg of the con- 

ftelijation Bootes, of the fourth magnitude, 

which is reprefented in fig. 36. at the point 

*$f, having its north declination f 170 21', 
its afcenfional difference a f, rifes above the 

horizon with the fame point, of the equa¬ 

tor with which e, in the diurnal parallel of 

the firfl point of Cancer, rifes. So that hav¬ 

ing its right afcenfion 204°, and declina¬ 

tion 170 z}\ its afcenfional difference and 
oblique afcenfion-.may be found in the tri¬ 

angle a f , in the fame manner in which 
the former were found in the triangle 

age. 

As the afcenfional difference is fubtrafled 
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 firfl point of 
Cancer, comes to the horizon before the 
point of its right afcenfion, or that with 

which it culminates upon the meridian. 

Hence we have another 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 any other parallel of his de¬ 
clination, viz. - ~ : 1 

* *- * » * - ■* 

354. Subtrad the fun’s afcenfional dif¬ 
ference in time from fix in the morning, 

the refidue is the time of his fifing^ add it 

to fix in the evening, and it gives the time 

of his fetting ; then doubling the firft you 

obtain the length of the night, and the 

double of the laft will be the length of the 

day. And after this manner all thefe par¬ 

ticulars may be found to every intermediate 

point of the ecliptic in ail latitudes. 

As the rifing and fetting of fome of the 

principal fixed liars are mentioned by ancient 

writers, as criteria, by which to judge of 

the commencement of feafons, and the be- 

ginning of times let apart for religion, hufi- 

bandry, politicks, &c. we have judged it 

neceffary to add the following problems, as 

a farther elucidation of the two former, art. 

302 and 303. 

1' 

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 

ftar when rifing or letting appear 

juft free from the folar rays; and 

thence the times of its heliacal 

rifing and fetting. 
- ■ -ii * **»• » m m *. J ^ j . ( > ‘ ' f 

3 55. Fig. 36. Elevate P, the pole of the 

globe, to the latitude of the place, and fix 

the quadrant of altitude in the zenith at 

Z, and H O will reprefent the horizon. 
Tfxm 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 
~ the 
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the fun fhould 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 12th 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 depreffed 12 degrees. 

So in the triangle a C S, right angled at 

C, we have the fides C S, 12 degrees, the 

requifite depreffion 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 hor zon : the 

meafure of the angle S a C, is obtained by 

infpedion on the brafs meridian from O 
to the point in which the tropic 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 riles 

with 
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with him to its heliacal rifing, or ari arch 

of the fame quantity on the other fide of 

the globe, through which the fun mult 

have pafifed from the time when the ftar 
fet heliacally, to its fetting with the fun, 

which, as in the former cafe, added to the 

point of the ecliptic, in which the fun is 

when the ftar riles with him, gives the point 

he is in at its heliacal rifing ; and in the 

latter cafe fubtrafted 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. 
^ A 

Thus having found the points of the 

ecliptic in which the lun 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 have been found the fame in 

all ages, it is probable they have no real 

motion of preceflion, but only an apparent 

one, cauled by the retroceflion of the equi¬ 

noctial points, which are found to recede 

from their ancient ftations at the rate of 50 

leconds every year; this alters their longi¬ 

tude, but their latitude does not vary : hence 

their 
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their places being once determined to a 

known year, their longitudes may be afcer- 

tained for any time part or to come, by 
the foie fubtradlion or addition of fo many 

times 50 feconds, as there are years between 

that to which the given ftar is rectified, and 

that to which it is required 5 or knowing 

the quantity of preceffion from any former 

period, the diftance thereof in time may be 
obtained, by reducing it into feconds, and 

dividing the refult by 50, the quotient will 

give the number of years, as in the follow¬ 

ing examples. 
. . a * *■ < ”? ■% 

•' » ; , , . t ; j •> «• . . 

Example I. 
. 

Given, 1908 years. To find the quantity 

of the preceffion for that time. 

1908 years 
Multiply by - - 50 feconds. 

60)95400 - 
.. . . . *.'.•» .... 

60)1590 

Anfwer - - 26° 30- preceffion in 1908 

years. 
V. ", { i 

Example 
1 
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Example II. 

Given, 26° 30^ the quantity of the pre*- 

cefiion to find the time. 

26° 36' v 

Multiply by 60 

1596 minutes. 
Multiply by 60 

Divide by 50)95400 feconds* 

Anfwer - 1908 years*. 

The regular change in the prefcefiioii 5f 

the fixed liars, or rather the conflant retro- 
greffion of the equinodtial points, feems to 
eaufe an irregular variation in their right 

afcenlions and declinations, 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 heliacal 

rifings and fettings of the fixed liars, found 

by the preceding problems, have relpedt 

only to the prefent age: and the following 

problem, with which I fhall conclude this 

treatife, will fhew the reader how to deter¬ 

mine the ancient place of any liar agreeable 

to 
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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 lon¬ 

gitude of a fixed flar: 

To find its right afcenfion and de¬ 

clination. 

Elevate the celeftial globe to 66-| degrees, 

bring the pole of the ecliptic into the zenith, 

and there fix the quadrant of altitude 3 

apply its graduated edge to the given flar, 

and it will cut its prefent longitude, either 

on the ecliptic or broad paper circle, which 
in this pofition of the globe coincide with 

each other: make a mark on the quadrant, 

at the latitude of the given flar, and remove 

it to its ancient longitude, as found above 3 

then bring the graduated edge of the move- 

able meridian to the mark juft made 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, 
Z ■ upon 
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upon which the center of the artificial fuii 

was placed, is its ancient declination $ and 

that point of the equator, cut by its gra¬ 

duated edge, is its ancient right afeenfion. 

The globe being thus rectified to the 

place and preceflion of any particular ftar, 

as given us by ancient authors, the times of 

the year when luch ftar role or fet, either 

cofmically, achronicaily, or heliacally, may 

be thus obtained by the preceding problems, 

agreeable to the period of the author under 

confideration. 

A Table 
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TABLE of Retrocefiion and Autumnal 
Equinoxes. 

Retroceffion. Autumnal Equinoxes. 

Years. D. H. M.) Days. H. M. 

6000 45 20 0 219H54 4 0 

5000 38 4 4° 1826211 l9 20 

4000 30 J3 20 1460969 10 40 

3000 22 22 0 1095727 2 0 

2000 *5 6 40 730484 17 20 

IOCO 7 T5 20 365242 8 40 

900' 6 21 0 328718 3 0 

800 6 2 40 292193 21 20 

700 5 8 
I- 

20 255669 l5 4° 
600 '4 14 0 219145 10 0 

500 3 19 40 182621 4 20 

400 3 1 20 146096 22 40 

300 2 7 c 109572 i7 0 

260 1 12 40 73048 11 20 

100 0 18 20 36524 5 40 

90 0 16 30 32871 *9 3° 
80 0 r4 4° 29219 9 20 

70 0 12 50 25566 23 10 

60 0 11 0 21914 J3 0 

5° 0 9 10 18262 2 50 
40 0 7 20 14609 16 40 

30 0 5 30 10957 6 3° 
20 0 3 40 7304 20 20 

10 0 1 50 3652 to to 

9 0 1 39 3287 4 21 

8 0 1 28 2921 22 32 

7 0 1 *7 2556 16 43 
6 0 1 6 2191 10 54 
5 0 0 55 2826 5 5 
4 0 0 44 1460 23 16 

3 0 0 33 1095 *7 27 

2 0 0 22 73^ 1 c 3S 
1 0 0 11 365 5 49 
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A T A B L E of Months. 

L
in

ea
l 

C
h
ar

a&
er

s.
 

D
ay

s 
in
 e

ac
h

 
M

o
n
th

. 

♦ 

• 

c 
''CTj 

1-> 

A 3* January 31 
D 28 February 59 
D 31 March 90 

G 30 April 120 

B 31 May I51 

E 
V 

30 June 181 

G 31 July 212 

C 31 Auguft 243 
F 30 September 273 
A 31 October 304 
D 3° November 334 
F 31 December 365 

A T A B L E of Week-Days. 

4 Monday 

5 'l'uelday 
6 Wednefday 
0 Thurlday 
1 Friday 
2 Saturday 

3 Sunday v 
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A TABLE of the Horary Difference in the 

Motion of.the fir ft Point of Aries, at the 
Time of a Vernal Equinox. ! 

M. S. /// M. S. m 
H. M. S. H. M. S. 

‘•S 

1 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 1 4 37 5 36 
8 1 *3 38 5 45 
9 1 22 39 5 54 

10 r 
31 

40 6 3 
11 ' i 40 41 6 12 
12 1 49 42 6 2 I 

*3 1 58 43 6 3* 
H 2 6 44 6 40 
x5 2 16 45 6 49 
16 2 25 46 6 

1 58 
*7 2 34 47 7 7 
18 2 43 48 7 16 

x9 2 53 42 7 25 
20 3 2 1 50 7 34 
21 3 11 5* 7 43 
22 3 1 20 52 7 52 

23 3 29 53 8 0 

24 3 38 54 8 8 
25 3 47 55 8 17 
26 3 56 56 8 * 25 

27 4 4 57 8 35 
28 4 12 58 8 45 
29 4 22 59 8 55 
30 4 32 60 9 5_ 

v 
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A TABLE of the Difference of the Paffage 

of the fir ft Point of Aries over the Meridian, 
for every Day in the Year. 

I. 
C/2 January. February. March. to 
a 

Q Jti. M. S, H. M. 5. H. M. S. Q - 
i 5 10 53 2 58 46 1 9 50 
2 6 28 54 42 6 7 1 

3 2 4 50 39 2 24 2 

4 4 57 4° \ 46 37 0 58 41 3 
5 'i 53 6 42 36 54 58 4 

6 i 48 53 38 36 Si 16 5 
7 44 31 34 3^ / 47 34 6 

8 40 9 3° 37 43 5 2 7 
: 9 35 47 26 39 40 11 8 

10 3i 26 22 42 3^ 3° 9 
11 27 6 18 45 32 50 10 

12 22 4^ 14 50 29 10 11 

J3 18 27 10 55 25 3i 12 

*4 14 9 7 1 21 52 13 
i5 Q 5i 3 7 18 *3 14 

16 5 33 1 59 H 14 34 15 

*7 \ 1 17 55 22 10 55 16 

18 3 57 2 5i 32 7 lb l7 
*9 5o 

47 47 42 3 38 18 

20 48 33 43 5 2 0 0 0 19 

21 44 *9 40 3 23 56 22 20 

22 40 6 36 J4 52 44 21 

i 23 35 54 32 26 49 6 22 

24 34 43 28 39 45 28 23 
2 5 27 33 24 52 4i 50 24 
26 23 24, 2 6 38 12 2 5 
27 19 15 J7 20 34 34 26 
•28 7 13 35 30 56 27 

29 11 0 27 18 28 

30 6 54 * 9 
23 40 29 

3[ 2 49' 20 2 ■ 3° 

i 
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S' 
April. May j lune • . 

CO 

Q H. M. S. H. M. 8. H M. S. Q 

1 23 16 24 21 25 12 19 22 28 

2 12 46 21 23 18 22 1 

3 9 8 *7 33 14 16 2 

4 5 29 13 43 10 9 3 
5 1 50 9 52 6 2 4 
6 22 58 11 6 0 • 1 55 5 
7 54 33 2 8 18 57 48 6 
8 50 54 20 58 j6 53 40 7 
9 47 H 54 23 49 32 8 

10 43 35 50 3° 45 24 9 
11 39 55 46 35 4l J5 10 

12 36 14 42 40 37 6 11 

*3 3 2 33 38 44 • 32 57 12 

H 28 52 34- 49 28 48 l3 
15 25 11 3° 51 24 39 H 

16 21 3° 26 54 20 29 *5 
17 *7 47 22 56 16 20 16 

18 14 4 18 58 12 11 J7 
T9 10 21 14 59 8 1 18 

20 6 38 11 0 3 5i 19 
21 2 54 7 0 *7 59 42 20 

22 21 59 11 2 59 55 33 21 

23 55 26 19 58 59 5i 23 22 

24 5i 41 54 5» 47 H 2 3 
25 47 55 50 56 43 4 24 

26 44 9 46 53 3« 55 25 
27 40 23 42 5C 34 46 26 

28 36 35 38 46 • 4 30 37 27 
29 32 48 34 42 26 29 2 8 
30 29 0 30 38 22 20 29 

3l 26 33 3° 
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III. 

w 
>> ca J“'y- 

i 
Auguft. 

/ 
September. 

c/> 

Q H. M. S. H.- M. S. H. M. S. G 

i 17 18 11 15 J3 26 *3 17 22 

2 14 3 9 33 
' t 

13 45 1 

3 9 5 41 10 8 2 

4 .5 48 1 49 6 31 3 
5 1 41 14 57 58 2 54 4 

7 16, 57 34 54 8 12 59 *7 5 
7 $3 28 50 18 

1 * 

55 40 6 

8 49 22 46 29 52 • 4 7 
9 45 l7 42 40 48 28 8 

10 41 12 38 52 44 52 9 
11 % 37 7 

* 
35 5 4i 16 10 

12 33 2 3l )8 37 40 11 

r3 28 58 27 32 34 4 12 

14 .24 55 23 46 3° 29 13 
*5 20 S2 20 1 26 54 14 

lb 16 49 16 16 *r 

23 18 *5 
*7 12 47 12 32 19 43 ib 
18 8 46 8 48 16 7 17 

*9 4 45 5 5 12 31 18 

20 0 45 1 22 8 56 19 
21 15 56 45 i3 57 40 5 20 20 

22 52 46 53 58 1 44 21 

23 4^ 4® 50 16 II 58 8 22 

24 44 49 46 35 54 32 23 
25 40 5i 42 55 50 5 b 24 

26 
i 

36 54 39 H 47 20 25 
27 32 57 35 85 43 44 26 

28 29 2 3[ 55 4° 7 27 
29 25 6 28 l7 36 30 28 

'3° 21 12 H 38 32 53 29 

31 \ *7 18 21 0 30 
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IV. 

cry 
O&ober. November. December. 

CO 

Q H. M. 8. H. M. 8. H. M. S., Q 

1 11 29 i5 9 32 5° 7 28 50 
2 25 37 28 55 24 29 1 

3 21 59 24 58 20 8 2 

4 18 20 21 0 15 47 3 
5 T4 42 17 2 I I 25' 4 
6 11 3 J3 3 7 3 5 
7 7 23 9 3 2 40 6 

8 3 43 5 2 6 58 17 7 
9 0 2 1 0 53 54 8 

10 10 5^ 21 8 56 57 49 3° 9 
11 

" 
52 4Q 52 53 45 6 io 

12 48 58 4? 49 40 4i 11 

l3 45 16 44 44 36 15 12 

H 41 33 40 38 3i 50 13 
15 37 50 36 3[ 27 24 14 

16 34 6 32 23 22 58 15 

*7 
- 

30 21 28 14 j 8 32 16 

18 26 36 24 5 14 5 17 

J9 22 50 19 54 9 39 18 

20 19 4 15 44 -> 
5 13 19 

21 15 17 11 32 0 46 20 

22 11 29 
n 
J J9 5 56 19 21 

23 n 
/ 

40 3 5 5T S2 22 

24 3 51 7 58 5i 47 25 23 

25 0 2 54 36 42 59 24 

26 9 56 I i 50 20 38 33 25 

27 52 20 46 4 
• 34 6 26 

28 48 27 4i 47 29 40 27 

29 44 34- 37 29 25 *4 28 

3° 40 41 3* l3 20 48 29 

3l 36 47 16 23 3° 

FINIS. 

I 
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CATALOGUE 
■ OF 

Mathematical, Philofophical, and Optical 

INSTRUMENTS, 
• ^* 

Made under the Inspection and Direction of 
* • ■ \ . i 

GEORGE ADAMS, 

Mathematical Inflrument - Maker to His Majesty 

GEORGE III. 

At the Sign of Tycho Brahe’S Head, N°. 60, 
in Fleet-Street, London : 

Where Gentlemen and Ladies, Merchants, &c. may 

be luppiied with Inilruments which are invented and 

improved by him, as well as with thofe contrived 

by the ableit Mathematicians in Europe. 

rw*\ HE Study of the Mathematicks be- 

I ing now become a neceffary Fart of 

every Gentleman’s Education, we 

need not wonder at the great Progrefs which 

this Science has, of late Years, made in 

moft 
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mod Parts of Europe ; fince it contains fuch 

an inexhauftible Fund of ufeful Knowledge, 

as is fufficient to gratify every Tafte, and 

employ every Talent. The nphleft Genius 

may, in the Purfuit of it, exert his utmoft 

Faculties ; and the meaneft will not fail of 

finding fomething that is within his Reach. 

The Theory affords an ample Field to the 

ipeculative Part of Mankind, and the Prac¬ 

tice is productive of feveral Advantages to 

Men of Abtion and Bufinefs. 

Mathematical Inflruments are the Means 

by which the Sciences of Geometry, Philo- 

fophy, Aftronomy, and Opticks, are rendered 

ufeful in ail the common and neceflary Oc¬ 

currences of human Life. By their Affiftance 

an abftraded and unprofitable Speculation, is 

made beneficial in a thoufand Inftances: in 

a Word, they not only enable us to conned: 

Theory with Practice, but alfo inftrud: us 

how to turn bare Contemplation into the 

mofl: fubftantial Ufe, by making one of the 

mod ferviceable Branches of Learning, the 

natural Way of rendering this Knowledge 

general and diffufive. 

The Knowledge of thefe leads to that of 

practical Mathematicks, and experimental 

, ' Philo- 
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Philofophy; fo that the Ufes of mathema¬ 

tical Inftruments, make perhaps one of the 

moil ferviceable Branches of Learning in the 

whole World ; and the natural Way, there¬ 

fore, of rendering this Knowledge general 

and diffufive, is by making that of its In¬ 

ftruments fo. 

As practical Mathematicks, and experi¬ 

mental Philofophy, teach us the Powers of 

Nature, the Properties of natural Bodies, and 

their mutual Adtions on one another j this 

Knowledge cannot be attained without In¬ 

ftruments, and the Conclufions and Proofs 

we expedt from it, v depend very much upon 

their Exadtnefs. In order therefore to give 

a fufficient Satisfaction to thole who honour 

me with their Cuftom, it is my particular 

and greateft Aim to produce fuch Inftru¬ 

ments as may facilitate the Progrefs of ma¬ 

thematical and philofophical Learning. 

In all my Performances I endeavour not 

to augment the Inftruments with fuper- 

fluous Ornaments, that they may be of fre¬ 

quent Ufe to thofe of middling Fortunes, 

and alfo that their Neatnefs may render them 

not unwrorthy of a Place in the Cabinet of 

the Curious. 

That 
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That their Bxa&nefs may be particularly 

Attended to, I always infpedl and diredt the 

feveral Pieces myfelf, fee them all combined 

in my own Houfe, and finifh the moft cu¬ 

rious Parts thereof with my own Hands. 

That the Conftruftion may be as Ample and 

fubftantial as the life of each Inftrument 

will admit, it is my conftant Study to con¬ 

trive them in fuch a Manner that they may 

be managed with the greateft Eafe. I alfo 

have Refpedt to their being made applicable 

to feveral Operations, efpecially when the 

Extent of their Ufes does not prejudice 

their Simplicity, to the End that Inftrument^ 

may not be multiplied without Neceffity. 

In the following Catalogue I have ranged 

the Inftruments in Clafles under the Heads 

of their feveral Branches, and have num¬ 

bered each particular Inftrument, fo that if 

a Gentleman is defirous of any one or more 

of them, and is at a Diftance from London, 

he need only fend me the Numbers ad¬ 

joining to thofe he intends to purchafe, and 

he fhall be ierved with Fidelity, and at the 

loweft Prices. 

Xnstru- 
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Instruments for Geometry, 
Drawing, &c. 

VAriety of pocket-cafes of drawing inftru- 
ments, in filver, brafs, ivory, or wood, 

from i os. 6d. to 5I. 5s. Thefe contain more 
or lefs of the following articles, which limit 
their price* 

1 Plain compafles for meafuring lines, &c. 
2 Drawing compafles with moveable points*1 

viz. an ink point for fweeping circles, or 
arches of any determinate thicknefs, and a 
black lead point. 

3 Drawing pens, either with or without a 
protradting pin. 

4 Sectors for finding proportions between 
quantities of the fame kind, as between 
lines and lines, furfaces and furfaces, &c* 
either of box, ivory, brafs, fllver, &c. 

6 Square protractors, or>ei ^ 
7 Parallel rules, are } DralS) 11 er’ Kc- 
8 Semicircle protradtors, of brafs. 

In the beft cafes, the compafles are al¬ 
ways.made with fteel joints, and the knibs 
of all the pens are made to open with a 
joint, in order to clean them, in which are 
alfo fometimes put, 

9 Hair-compaflfes, fo contrived on the infide 
of one of the legs, that an extent may be 
taken to an hair’s breadth, 

to Circular (or bow) compafles, with which 
a circle as fmall as a pin’s head may be de- 
fcribed. 

In 
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In a magazine-cafe of drawing in (trip 
merits, is generally contained all the above 
inftruments, together with the following 
particulars, 

11 Drawing compares, with moveable legs 
longer than thofe of No. 2. 

12 Strong compaffes, with calliper and cutting 
points; 

13 Beam compaffes for drawing larger circles* 
and taking larger extents. 

14 Proportionable compaffes for the ready di- 
minifhing plans or drawings, in any al¬ 
igned proportion. 

15 Twelve-inch brafs fedors of a neW c.on- 
flr u 61 ion. 

id Triangular compaffes for tranferring three 
points at once, from a map or any draw¬ 
ing to another copy. 

ij A pointrel and feeder, having at its upper 
end an oval plate for clearing the drawing 
pen of any dirt or &rit that may happen 
between the knibs, and in the middle there¬ 
of is a protrading pin. 

18 Elliptical compaffes for defcribing ellipfls 
of various excentricities. 

19 Bows for drawing curved lines. 
20 Port craiyons. 
21 Large plain fcales. ) Sometimes thefe are 
22 Plotting fcales. > all made in one in- 
23 Protradors. ) flrument. 
24 Plain and parallel rules of feveral fzes. 
25 Ivory paliates for Indian ink and colours. 
26 Gunners callippers. 
27 The regular folids, or platonick bodies cut 

in wood. 
28 Cy- 



Mathematical Injlrumenih 

i§ Cylinder bifedted. 
29-Cones with all their proper fedtions. 
3D Flat plates, for defcribing the conic fedtions 

upon paper, defigned for thofe who are 
Itudyihg that branch of fcience. 

In thefe magazine cafes, gentlemen may 
have what number of inftruments they 
think proper. 

Rules of all forts, for meafuring of timber. 
Hone, ' painting, brick-work, at the 
ufual prices, 

* - v\ K ‘V * 

Surveying Inftruments, &c, 
" \ i * , » . - . 

31 T)LAIN tables, with an index and fights, 
JL whereby the draught or plan is taken 
on the fpot, without any future protradtion, 
having a compafs fitted to one of its fides, 
and the whole fixed upon a ball focket, 
with a three legg’d ftaff, upon which it 
may be turn’d round, or fatten’d with a 
fcrew, as occafion requires. 

32 Beighton’s plain tables, with an index, 
whereby the line of fights is always over 
the center of the table, the flation lines 
drawn parallel to thofe meafured on the 
land ; and the table fet horizontal by a 

. fpirit level. In this table the papers being 
fquare, are readily laid together and com- 
pofe the whole furvey in one view. 

Theodolites for meafuring angles, diftan- 
ces, altitudes, &c. Thofe inftruments are 
made various ways, fome being more 

A a <, fimple 
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44 Pantographers, for reducing, or enlarging, 
or copying plans of furveys, pictures of 
any kind, and reducing fhadows of the 
human fide face, and this without any 
previous habit of drawing. 

45 Pedometers to meafure the way in walk¬ 

ing. 
46 Perambulators, way~wifers, or meafuring- 

wheels, ditto for coaches. 
47 Major General Williamfon’s new inflrument 

for elevating pieces of ordnance. 
*47 Dr. Pollock’s new univerlal inflrument of 

gunnery. 

12 12 

2 1 O 

2 

3 
4 

2 

3 
4 

4 
0 

O, 
o 
o 

Optical Inftruments. 
, . 1. s. 

48 TJ Effecting telefcopes, 12 inch. 5 5 
49 j[\ Dittto 18 inches -—- 8 8 
50 Ditto 2 feet -- 
51 Ditto on a rack (land -— 
52 Achromatic profpeCts for the 

pocket - -- 1 16 
53 Achromatic telefcopes, either in 

nurfe {kin for the pocket, or ma¬ 
hogany tubes, 2 feet — 

54 Ditto 3 feet — - 
55 Ditto 4 feet -— - 

And fo in proportion for any other 
length. All other forts of refracting tele- 

6 
o 
o 

fcopes at the ufual prices. 
56 Wiiibn’s pocket microfcope 
57 Ditto -;— _ r — 

58 Ellis’s aquaiic microfcope 

2 2 
2 12 
2 2 

o 
6 
o 

59 Ellis’s 

:i 
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59 Ellis’s and Wilfon’s microfcope in 
one cafe - -- 4 15 

60 A fingle and double aquatic mi¬ 
crofcope -- - 7 7 

61 The double conftru&ed micro- 
fcope -— —- 6 6 

62 Ditto with a triangular foot in a 
flat mahogany cafe --- 8 8 

63 Culpepper’s double microfcope 3 3 
^4 A folar microfcope - 4 14 
£5 A ditto , --- -- 5 15 
66 The new variable microfcope 21 o 
67 A folar microfcope, to be applied 

to a new invented camera ob- 
fcura, that may be ufed either 
in the fun-fhine, or with a lamp 
contrived for that purpofe in 
winter evenings —-- 29 o 

68 A pocket camera obfcura o 10 
69 A ditto -- —- 1 1 
70 A ditto, larger *- 1 5 
71 A pyramidical camera obfcura in 

wainfcot -* 3 3 
72 Ditto in mahogany *—j- 4 14 
*72 Ditto for copying of pi&ures, draw¬ 

ing (till life, portraits, &c. - 8 8 
73 An inftrument for taking per- 

fpe&ive views --■ 6 6 
74 Concave and convex mirrors, 

from - 7s. 6d. to 260 
75 Prifms, from —— 7s. 6d. to 2 2 
76 Zografcopes for viewing prints. 

§ 

o 

o 

o 

o 
6 
o 
o 

o 
6 

o 

o 

from — 
77 Opera glafles 

16s. to 3 3 o 
080 

78 Ditto 

O
 

0
\ 

o
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78 Ditto -- -- 0 *5 a 
79 Ditto - —— 1 1 0 
80 Ditto '■-- -- 1 11 6 
81 Reading glaffes in variety of 

frames, from - 2s. 6d. to 3 l3 6 
82 Spedacles for the nofe -* 0 r O 
83 Ditto --- —*— 0 3 6 
84 Temple fpedacles ..- 0 3 0 
85 Ditto »■■■■—-- 0 5 0 
86 Ditto —-- - 0 ' 8 0 
87 Ditto filver -- - 0 l5 0 
88 Silver double joint fpedacles. 

which neither prefs the nofe nor 
temples -- - 1 1 0 

89 Ditto in (feel ... 0 14 0 
90 Ditto-- 0 9 0 
91 Treble joint fpedacles for the 

ladies. 
92 Dittp in filver. 
93 Spedacles of brazil pebbles either 

in fteel or filver, at the ufual 
prices. 

94 Concave glaffes for myopes or 
fliort fighted perfons, in great 
variety. 

95 Magick Lanthorns. 

Pneumatical Inflruments. 

96 AIR pumps exclufi^e of any 
apparatus. 

97 Single barrelled - 220 
98 Small double barrelled-4 4 o 
99 Ditto larger --- 660 

100 A 



Mathematical Injlruments. 

100 A large table air pump — io 10 o 
101 A large (landing air pump 21 o o 

The apparatus to either of thefe 
according to the defire of the pur- 
chafer. 

102 Portable barometers - 220 
103 Ditto with fpirit thermometers 212 6 
104 Ditto with mercurial thermo¬ 

meters ' —— - - « 440 
105 Ditto with ditto and hygrome¬ 

ters - -- 4 14 o 
106 Ditto with ditto and ditto, with 

glafs doors - 660 
107 Other barometers with open 

cifterns of leveral curious con- 
flru&ions, of a new contrivance, 
with diagonal barometers, either 
with fingle, double, or triple 
tubes. Wheel barometers, &c. 
all at reafonable prices. 

108 Farenheidt’s thermometers 1 11 6 
109 Ditto for the pocket -- 1 1 o 
no Botanic thermometers *-- o 18 o 

Aftronomical and Geographical In- 
ftruments. h 

/ , r* V •• T 

in TwTEW Globes accurately de- 
lineated, neatly engraved, 

and adapted to an apparatus 
eafy in application, and exten- 

Fve 
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five in their ufe, 18 inches 
diameter, in itained frames 990 

112 Ditto in mahogany frames n n 6 
113 Ditto in carved frames — 24 o o 
114 New globes, 12 inches diameter 

in Itained frames --—- 550 
115 Ditto in mahogany frames 6 16 6 
116 New globes, 6 inches diameter 

in Rained frames. 
117 Ditto in mahogany frames. 
n 8 Globes 3 inches diameter in 

frames - ~i i t 6 
119 Ditto in black cafes for the 

pocket -- -—o ID 6 
120 Globes mounted with wheel- 

work, at various prices. 
221 Armillary fpheres, 12 inches 

diameter --— 21 06 
222 An armillary dialling fphere, fo 

contrived as to explain the 
reafon and nature, as well as 
to folve the moil ufeful pro¬ 
blems in fpherics, and illuftrate 
the theory of dialling, and is 
itfelf an univerfal fun-dial. 

223 A lphere fhewing the real and 
apparent motion of the hea¬ 
vens, and folving the problems 
depending thereon. 

124 A planetarium, by which the 
annual motion of the planets; 
their fituations and pofitions 
with refpe6t to the earth and 
fun, as well as to each other* * 

with 
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with their direft ftationary and 
retrograde appearances, are 
clearJy illuftrated - 18 18 o 

125 A tellurian, which explains the 
diurnal and annual motions of 
the earth and moon j fhews the 
inclination and retrograde mo¬ 
tion of the moon’s orbir, and 
thereby the caufes of the eclipfes 
of the lun and moon, the caufes 
of day and night, the vicifli- 
tudes of the feafons, the phafes 
of the moon, the difference be¬ 
tween a periodical and fynodical 
month, the riling, fouthing, me¬ 
ridian altitude, declination, am¬ 
plitude, and fetting of the fun 
and moon, &c. - 26 15 o 

126 Orreries, which fhew all the 
above phenomena, with the 
motion of the inferior planets 
only, or with the motions of all 
the fuperior planets and their 
fatellites, with many improve¬ 
ments, are made by me at 
various prices, according to the 
intention or defire of the perfons 
who propofe to be purchafers, 
from 130 guineas, to — 1500 O Q 

Smaller inftruments of this 
kind, defigned to fhew only a 
few of the particular pheno¬ 
mena, are made at various 
prices. 

127 Aftroi- 
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127 Aftronomical quadrants, 3 feet 
radius -- - 130 0 0 

128 Ditto, 2 feet radius — 70 0 0 
129 Ditto, 18 inches radius “ 5° 0 0 
130 Ditto, 12 inches radius — 21 16 0 

And all other aftronomical 
inftruments, as fedtors for ob- 
ferving angular diftances and 
differences in light afcention, 
equal altitude inftruments, and 
tranfit inftruments, &c. of 
various prices according to 
their fize, See. 

Navigation Inftruments. 

131 T TADLEY’s quadrant 
132 lx Ditto - - 
133 Ditto - *— 
134 Ditto - — 
135 Hadley’s fextant 
136 Dr. Knight’s fleering compafs 
137 -.—-azimuth compafs 

Thefe with all forts of fcales, 
rules, and all the inftruments 
ufed in experiments of natural 
philofophy, for mechanicks, 
pneumatics, hydroftatics. See. 
are made, when ordered, at 
moderate prices. 
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Mathematical Inftruments. 

To enumerate all the various articles that 
are ufed in making experiments, or for other 
purpofes, would alone fill a volume. I have 
therefore fele&ed the principal inftruments in 
ufe, to mod of which I have affixed prices and 
numbers, for the eafe of thofe Gentlemen and 
Ladies at any diftance from London, who may 
have occafion to write for any of the above 
inftruments, 

» • • 

To their humble fervant, 

y • ’ ; ' ; - 

GEORGE ADAMS, 

At No. 6o. in Fleet-Street, London, 



The following BOOK, newly printed for the 
Author, may be had at his Houfe, No. 60, 
at fycho Brahe’s Head, in Fleet-Street, and of 
the Bookfellers in Town and Country, 

iV/rICROGRAPHIA ILLUSTRATA, or 

the MICROSCOPE Explained; in fe- 

veral New Inventions, particularly of a New Variable 

Microfcope, for Examining all Sorts of Minute- 

Obje&s; and alfo of a New Camera Obscura 

Microfcope, deligned for Drawing all Minute-Ob- 

jeCts, either by the Light of the Sun, or by a Lamp 

in Winter Evenings, to great Perfection, with a 

Defcription of all the Microfcopes now in Ufe. 

Likewife a Natural History of Aerial, Ter- 

reftrial, and Aquatic Animals, &c\ confidered as Mi- 

crofcopic ObjeCfs. The Fourth Edition, llluftrated 

with 72 Copper-Plates, containing 560 Delineations 

of Various ObjeCts. 

By GEORGE ADAMS, 

Mathematical Inftrument-Maker to His Majefty. 
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