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§M ANUAL:

- Delightful Aflociate.
CONTAINING,

I. A Defcription and Ufe of the GErLestran Grose: How
to know the Stars in each Conftellation, and their Magnitude ;
alfo their Latitude, Longitude, Right Afcenfion, Dcc%-iza.tiun,
Semi-diurnal Ark, Rifing, Southing, Setting, Altitude, Azi-
muth, Diftances, . The Sun’s Place, his Rifing and Setting,

., Length of the Day and Night, ¢&¢. Alfo Dialling by this Globe.

I1. Twelve Problems relating chiefly to the Moo : And a truer

Way than has been given to find EasTERr, ¢éc. The Hour
. of the Night by the Moon fhining on a Sun-Dial, e, ,

I11. A Defcription and Ufe of the TErRREsTRIAL GLOBE, as
to Climates, Zones, Shadows, Inhabitants, Latitude and Lon-
gitude of Places: And a large Tasvre; fhewing where all
the moft remarkable Places in the World may be placed on.
Dials; and the Bearing and Diftance of fuch Places fiomi London,

IV. A full Defcription and Ufe of all Kinds of Mars : With a
copious TasLE of the Latitude, Longitude, and Situation of

. the chicf Cities on Earth: And many other curious Matters.
. V. TheOriginal df the Lines in a Stcror deftribd; with the
full Ufe u% that Inftrument in Trigonometry, &e. inan Eafy
~ Natural Method. .
V1. How to make a Line of NUMBERS, or LoG ARl THMS, =
- to any Length, and the full Ufe in all Parts of Arithmetic. =
VII. Mysterious CuriosiTIES in Numbers: Or, Nume-
rical NoveLTtiEs. In Twenty-five Prorositrons, moltly
New, and very Eafy and Delightful.
VIIL. How to take Heights, Depths, and Diftanices, great or finall;
by feveral Ways and Inftruments. In Twelve Prorosirions.
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and Others, who are Mazhematically inclined.
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ZREACNSE HIS 5 now the T‘Eﬁz’fgﬁ /
wr W Treatife (moftly ~on the
Subjett of Numbers) avbere-
with I have endeavonred to
be of fome Service, and to oblige Man-
kind 5 to awhom I muft acknowledge
my Gratitude juftly due for the kind
Acceptance I have met apith 5 near
Forty-thoufand having been (old off,
befides fome Thoufands alfo of the four
Books by me perufed and correffed.’
And as this avill be the laft that I in-
tend to arite, (0 I am mot awithout
HHopes it aill meet avith the like Re-
ception, (o many of the Contents being
Copions and New, as well as Pleafant
ond Delightful, bandled in an Eﬂ@
an




Vi To the READER.

and Fomiliar Way, Intelligible by a
mean Capacity.

But tho' the Publick in general
bath favoured me, yer I bave not bad
the Good-Fortune to find fuch Encon-
ragement from thofe avho fhould (I
think, avithout a fond Partiahty to
Self ) have fbewed fome Regard to my
Labovrs, which have chiefly been cal-
culated and adapted to the promoting
the Science of Lvade and Commerce.
But, alas! there are too many wbho are
(o indolent and little concern’'d about
thofée Matters (awhich, next to Religion
afelf, do claim our greateft Refpel?)
Humouy and ‘Pleafure having (o much
vthe Aftendant, that the Author of a
Play or awhimfrcal Novel fhall fooner
meet apith the Reward of confiderable
Bufinefs, or an Employment of Profit,
than be awho bath (pent move than balf
an Age of Sixty-three Years in Studies
which tend wery greatly to the Know-
ledge and Incveafe of Trade and Mer-

chandizing,
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chandizing, the principal Infiruments
of the Natiow's Grandeur and Riches.
However, as 1t is our Duty, (6 is it
ouy Wifdom and Intereft, to be fubmif-
Sfrve to the Allotment of Providence,
that if e fall fhort of receiving from
Men what ae awith good Reafon pre-
fume e delexve 5 we may be (o far
vefigned, as wmot impioufly to defire

more than awe have.

But  fince I am upon this Topic, I
hope to be excufed, +f I relate one In-
france of Service more immediately to
the Government 5 awbich avas this < In
the Year 1697, I compos'd Tables for
the Ufe of the Collettors and Receivers
of the Capitation Tax s awhich contain-
ed not only all Duties payable by the
feveral Claffes or Degrees of People,
but alfo the precife Weight, in the old
Clipt Money, that would anfaver thofe
“Payments, all in (o plain a Method,
that the Collettors, both in the C ity and
Country, declared they did not know
what to do awithout them 5 and mine

weye
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awere the only Tables for that neceffary
Ufe that were made publick.

As to this Book, I have only farther
to (ay in general, T bat it contains ma-
wy T hings move than the Title inti-
mateth 5 and I doubt not but awill every
Way anfwer the Expetation of a juds-
crous and impartial Reader : and for
the critical Carper Zoilus, “tis not ne=

ceffary to befpeak his Candonr.
Our Globes and Maps, and moft

other Inftruments, only baving Degrees,
awe ave forced in ﬁ[s;ﬂ Cafés to guefs at
the Minutes : And thersfore, as the

precife Truth in them is not very ne-
ceffary 5 fo it cannot be expetted that

the Minutes (bould be better exhibited,
fetting afide Trigonometvical Calenla-
tions, awhich would differ from the Ufe
of Inferuments, in the wvery Subjed,
and of the Art's Denomination 5 one
being the Ufe of Globes, Maps, &c.
and the other plain or f(pherical Tri-
gononetry, .

| A M A-
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S.E - CoiTus ik |
The Defcription and Ufe of the

CerLestiar GLoOBE,

3 pl| the Ambits, or ercumferences
Al being equal, which way fuever

UL you take them, in the Middle
" of the Globe,

IL. The Parts of the Globe are, 1. The Ball
or Body of the Globe whereon the Circles of the
Sphere are drawn, and the Stars are painted in

B | feveral
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 foveral Conftellations. 2.Z%e Axis, which is fup-
- pofed to extend throngh the Middle of the
" Globe, the Ends of which are the North and
~ South Poles of the World. 3. The bLrazen
Meridian, which encompaffeth the Ball, and
- wherein thc Poles are fixed, and which doth

“reft on a Pedeftal under the Ball which Meri«

“dian is to be méved o as to brirag ‘the Poles
nearer to, or farther from, the Horizon. 4. T%e
Horizon is, as it were, the Frame wherein the
Globe is fixed, and Which the Meridian croffes
at right Angles ; of which more below. 5. The
.%;mdmm of Altitude, which is go. Degrees,
marked out upon a thin Piece of Brafs, that
will comply {0 as to meafure any Diftance on
this or the Terreftrial Globe, for both which

ne Quadrant.of Altitude is fufficient, and ’tis
made to fcrew on the Meridian, and upon a
Rivet to turn round any way. 6. The Hour-
Circle, which is divided into twice twelve Hours,
for Morning and Afternoon : It is fixed {o to
the Meridian, that the Pole is its Center ; where-
on is put, %. The Index, o contrived as'to
turn round with the Ball, and yet is not fo
faft but that it may be turned and fet to any
Hour. Itis put upon the Pole, or End of the
Axis of the Globe.

- M. ‘Zhe Circles defevibed on the Celeftial Globe

are thefe ; fix Great, and four Small. A Great
._ gt Circle



A Mtbemarfmf Manvar 3

Circle is one that divideth the Globe into twa
€qual Parts : As,

1. Zhe Equinoltial, which extends round the
Globe in the middle Way between the two
Poles of the World, and ‘tis divided into 360
equal Parts, beginning at the Place where it is
interfected by the Ecliptic, and by one of the
Colutes. . From this Circle the Declination of
the Sun and Stars is reckoned in the Meridian
Northward and Southward ; and alfo their right
Afcenfion is_computed upon this Circle from
the firlt Point of .4ries. And when the Sun
comes to this Circle (which it does twice in the
Year, about the roth of March, and 1ath of

Seprember) it makes equal Days and Nights :
Whence its Name,

2. The Meridian hete moft obfervable, is
that of Brafs, wherein the Poles are fixed - For
there are fuppos'd innumerable Meridians ; but
the Brazen one is of chief Ufe, becaufe any
Star or Sun’s Place can be brought to it, and
the Altitudes, Right Afcenfion, Declination,
§c. are thereby difcover’d. It is divided into
4 Nineties, or 4 times 9o Degrees.; and a.De-
gree muft therefore be the 360th Part of any
Circle. . When the Sun comes to the Meridian
of any Place, it is there 12 of the Clock at
Noon ; and again 12, or Midnight, 12 Hours
afterwards. . And there are Meridians drawn

| . throngh
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through every 30 Degrees of the Equinoétial
(or 12 inall;) fo that 15 Degrees being equal
to 1 Hour, 30 are 2 Hours; and confequently
the 12 Meridians, each 2z Hours of the Equi-
noctial, make 24 Hours. And in that Propor-
tion of 15 Degrees of Motion being 1 Hour of
Time, 1 Degree is 4 Minutes of Time.

' 3. The Ecliptic Line is the third Great Cir-
cle. ‘It is divided into 12 equal Parts, anfwer-
ing to the 12 Signs of the Zodiac, and each
Sign into 30° (or Degrees) marked thus :

" Ariesymark’d V| Libra, =
Fanrus, o | Scorpio, m

- Gemini, IL | Sagitiarius, | o
Cancer, % | Capricorn, Vs
Leo, e\ | Aguarius, a

| P’?rgg, myp P{ﬁﬁ‘!, #

The Circles that divide the Ecliptic into 12
equal Parts at right Angles, arc Great Circles,
called Circles of 1. ongitude ; becaufe from l:hem
to the firft Point of Aries is reckoned the Lon-
gitude of the Stars: as the Latitude is upon
thoft Circles (or others made by the Quadrant
of Altitude) from the Ecliptic to the Star and
Pole of the Lcliptic, as appears hereafter.

4. The Horizon, which is that Circle which

divides the vifible from the invifible Parts of
the
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the Heavens. Tt is the Frame of the Globe,
whereon are fhewn the 12 Signs, painted be-
tween the Degrees in each, Sign. Sccondly,
You have the Days in every Month anfivering
to thofe Signs, and the Letters for every Day,
by Way of Calendar, according to the Fulian
(or common) . Account ; and farther outward
are the like,  according to the Roman, or N ew,
or Gregorian Account ; and farther outward are
the 32 Points of the Compafs, each Point be-
ing 113 Degrees. This Circle, or Horizon, is
ufed in finding the Sun’s Rifing, Amplitude,
Azimuth, &%. as in the following Problems
appears.

5. The Equinoftial Colure, which is a great
Circle paffing through the Poles of the World,
and curting the Equinoctial at right Angles in
the firft Point of the two Equino¢tial Signs
Aries and Libra ; whence, and toward each
Pole, this Circle is divided into four ninety
Degrees. .

6. The Sﬁi{ﬂiiﬁa}’r Cojure is éanh&r great Circle,
paffing through the Poles of the World, and

croffes both the Equino&ial and Ecliptic at
right Angles, in the firft Points of Cancer and
Capricorn ; to which when the Sun comes, be-
gins Summer and Winter ; as it does by the

other Colure diftinguith Spring and Autumn.

B 3 The
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v. The leffer Circles are, firft, The Tropic of
Cancer, the Boundary of the Sun’s Courfe,
and 23°. 30. from the Equmn&ml Nnrth,
ward. “As; - -

8. T'he Tropic of Capricorn is the Botindary of
the Sun’s Courfe, and is 23° 30" ffom rhe
Equinoctial Southward. L) el

9. The Artic ; and,

ro. The Antartic Circles. 'The fitft 23° 30",
from the North Pole, and the fecond as much

from the South Pole: Of which more in the
Defeription and Ufe of the _%rrqf?ﬁ:z} Globe.

IV. The Points to be obferved are, 1. The
North Pole; 2. 'The'South Pole ; each go°
from the FEquinoétial, 3. The Poles of the
Ecliptic,"which"a're"each"po Degrees from it,
and 23°. 30. from the Poles of the World,
4. The Zenith is the Point directly over your

ead wherefoever You be. ' 5. ‘The Nadir, or
Eymt under your Feet. Thefé are the Polcs uf'
the Horizon, being go Degrees from it.

e T RE Peﬁtibn_s Gf the Glube'_ar; 3, 'uzz.

1. Diredt,
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1. Direct, when the Poles are-in the Ho-
rizon ; as it is to thofe who live under the Equi-
na&zai

2. Paralle] Sphere is when the Poles are in
the Zenith and Nadir, and the Equinoctial is
coincident with the Horizon : ; as it is to thofe
that live under the Poles.

3. The Oblique Sphere is when the Poles are
elevated or depreffed fome Number of Degrees
between the Horizon and the Zenith or Nadir,
and the Equinoctial and Parallels of Dechna_-

 tion do cut the Horizon at Oblique Angles.

The Stars put on the Globe are to be known
alfo, by the Eye, in the Heavens, by their
Magnitudes and Declination, or Diftance North
or South from the Eqmno&ml or from the

Pole. 'The Magnitudes are diftinguifhed on the
Globe thus: Stars of

Magn. Rays. Magn. Rayr.
1 bhave 16 4 have 6
2 107 s § b
3 8 | 6 3

They are alfo painted in {feveral Conficlila-
tions (or Figures of Men, Women, Birds,
Beafts, Fifh, €2¢.) The Northern leﬂr:lia-

B4 tions,
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tions, or thofe fo near the North Pole as to be !
wifible in our anztm, are,

Urfz Minor, with the Pole Star at the End of
his 'Tail, of the fecond Magnitude.

Urfa Major, having 4 in his Body, and 3 in
hisTail, of the fecond Magnitude.

Cor Caroli, under the Tail of the Great Bear,
1 of the fecond Magnitude.
And there are more ;b‘mvmg Stars of Note, viz.

Cepbus (a King of Ethiopia, Father of An-
dromeda ;) 3 of 3d, and 4 of the 6th Magn.

Draco, (the 'Dmgm) next the Little Bear,
n of the 3d.

Bootes is the next ; 6 of 3d,and 1 of the rft.

Corona .S'.ep:eszf. Cor-North Crown ;) 1 of 2d,
and 5 of 4th.

Lyra, the Harp; 1 of 1ft; and 2 of 3d.
Hercules ; 8 of 3d.

Coma Berenice, (the Hair of Ptolomy’s Dangh-
ter;) 1of 3d, and 10 leffer.

ngm;s, (the Swan) South from Draco ; 1 of
1 of 2d, and 6 of 3d.

Cafliopea (Cephus’s Daughter) and her Chair ;
5 of 3d, and 1 of 4th
Perfeus,
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Perfeus, (Son of Fapiter, that cut off Medu-
fa's Head ;) 1 of 2d, and 6 of 3d.

Andromeda, with her Chain ; 3 of 2d, and
3 of 3d.

Auriga, and his Goat, Hircus; 1 of 1ft,and
2 of 2d. |

Pegafus, (or the Flying-Horfe of Perfeus ;)
3 of 2d, and 4 of 3d. |

Aguilz, (the Eagle volant) South from Lyrz;
1 of 2d, and 5 of the 3d. .

The Dolphin, between Pegafus and the Eaz-
gle ; 3 of 3d.

The Triangle, Southward fmm Afadrumedzas
Foot ; 3 of 4th. ' 3% |

The follvwing are in the twelve Signs.

Aries, (the R:zm) between hls Horns ; 1
of 3d.

" Taurus, (the Buil) his E}re, or rather his

Forehead, Aldebaran ; 1 of 1ft. Alfo in
the Bull are the Pleiades, or 7 Stars ; 1 of
4th, and one of sth.

Gemini, (the Twins) Caftor and Pollux ; 3 of

2d, and 4 of 3d.
Cancer, (the Crabfifb ;) 1 of 3d,and 2 of 4th.
Leo,
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. Léo, (the Liont;) his Heart and "Tail; 2 of
thé 1ft ; alfo 2 of the 2d.

L Vidgo's Spike ; 1 of 1ft, 30of 3d.

Libra, (the Ballance,) the South-Wefterly x

. of the 1ft; North-Eafterly 1 of the 2d ;

and the Center of Gravity in the Beam,
(Zubenene[chemati ;) 1 of the 2d.

| Scorpio’s Heart, 1 of xft. "Near his Tail, 1
of the 2d, and 2 of the 3d.

Sagittarius, (the Bowman ;) one in his Left-
Hand, and 2 in that Arm, of 3d.

Capricornus, (the Sea-Goat ;) 2 by his Horns,
and 2 in his Tail, of 3d.

Aquarins, 1 in his Left Shoulder, 1 on his
Right Thumb, and 1 on his Right Knee,
of the 3d.

~ Pifces, 7 of the sth Magnitude.

Fomabant, under Aguarius’s Water-pot, and

about 8°, when on the Meridian, above
‘the South Horizon ; 1 of the 1ft.

- Cetusy the Whale ; 1 in his Mouth, of the
2d ; 4 in his Head, and 5 in his Body,

.. of the 3d ; and 1 near his Belly and Tail,
of the 2d.

Orion ;
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Orion 5 on his Left Thigh, 1 of the 1ft ; 1 0on

his Right, and 1 on his Left Shuuldei‘ and

3 in thE: Belt, of the 2d; 2 in his Skirt,
and 1 on his Left Side, of the 3d.

Lepus, (the Hare ;) 4 on his Left Side, of
the 3d; and 5 more of the 4.th and 5th

C.::f.t.r.r ’I:{.:::_;ar (the Greater Dog, Syrms ;). I on
his under Jaw, of the 1ft ; 1 on hisRi ghe
~ Foot, of thezd ; and 5 mare of the 3&

Canicula (the thﬁe Doy, ﬂﬂPfﬂEjﬂdﬂ 3) I GI'I.I
his Left Thigh, of the 2d; and b in his:
Neck, of the 3d. ,

Hydra’s Heart, (Alphard ;) 1 of the 1ft ; and
in his Body, s of 3d.

Corvus Cthe Greedy Cormorant) near Hydra's
Tail ; 2 of the 3d.

Antinons (or the Youth of Bithysia in Nato-
Jia, ot Leffer Afias) 5 of thc gd Emder-'
Aquita.

Thefe make go Conﬁellatmm, havmg abnut
850 Stars

And in the Southern Part, or below the Ho-
rizon, there are the Peacock, the Centaur, Ca-
melion, €c. about 18 Conﬁ'ellanuns (invifible
to ws) having about soo Stars.

S0 much for the DESGRIP TION.

The
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TbeUfcafﬂaﬂ CELESTML GLOBE.

7o Re&tﬁ! tbe GI.CIBIE |

IX the Pc-lc of the World, which is in

the Brafs Meridian, fo many Degrees
above the Horizon, as is the Latitude of the
Place, and {crew the Quadrant of Altitude in
the Zenith, or the Complement of the Lati-
tude, which for ‘the Lat. of Lmdﬂﬂ, §1.32, is
38° 28,

PROBLEM L
The Day of the Month gffue# to find the Sun's
Place in the Ecliptic.

THIS is done by the Table delineated on
the Frame of the Globe, or Horizon: Finding
there the Day of the Mnnth, you have right
againft it the Sun’s Place. Thus,

Fannary 1. the Sun s Place is 21 46 vS
April Ta 5 : “2;2 207
May.28, - .4 W 1-7 op :
Nov. 4. : | i 2 .46 mo

PR O-
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B Ry O.B. L,

The Sunw’s Place in the Ecliptic given to find the
Day of the Month.

- LOOK in the Divifions next the Ball, or
{econd from it, for the Sun’s Place, and in the
third divided, Circle from the Ball you have the
Day of the Month according to our Fulian
Account: So

T he Sun being in T be Day of the Month is

o

21 46 V3 Jan. 1.
17 oo II May 28, &%.
PEOD 11l

To find the Sun’s Right Afcenfion by baving the
Day of the Mouth given.

T H E Right Afcenfion of the Sun is an
Arch of the Equinoial, which comes to the
Meridian with the Degree and Minute of the
Sun’s Place in the Ecliptic, reckon’d from the

1{t Point of Aries.

So that haﬁng rt&ify’d the Globe as above,

find the Sun’s Place in the Ecliptic ; as by Prob. L.
Then
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'Then bring the Sun’s Place to the Meridian, and

the Degrees then cut by the Meridian in the

Equinoctial from the firft Point of Aries, is the

Anfwcr Sa Akt T J
Exampre

What is the Right Afcenfion of the Sun, May 28 ?

‘T e Sun’s Place found, asbefore, is 17 De-
grecs of Gemini, which bring to the Meridian,
and there will then be from the firft Point of
Apries t6 the Meridian in the Equinoétial 76 De-
greés, equal to the Anfwer. In like manner,

Sun’s Place, | Right Afcenfion.
a x a
Toa . © 8y 46 ot V8 29510
AP LS VR e . 20 4o
Nov. 4. 22 46 m 230 30
Dec. 23. v SR - RN+ 286 oo
B R O R IV,

Zo find the Sun’s Declination,

THE Day of the Month given, find the
Sun’s Place for that ]jay, as before, then
bring it to the Meridian, and the Degrees
there between the Sun’s Place and the Equi-
noctial is the Declination required. ‘Thus,

&

. }'#n-.
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Sy B, 101 1 .: Declination.” "
Fam Loio 2t A48, 21 36 South
Apr. 1. 22, 200" ' o 8 20N.
Nov.g:t 22 YOm| 1= 18 3887
Dec.25. 14 §o V8 22 308. ..
P RGP 4 N.

To find the Suw’'s Amplitude any Day.

THE Amplitude is an Arch of the Hari-
zon, contained between the Sun’s Place in the
Ecliptic and the Eaft or Weft Points of the Ho-
rizon : So bring the Sun’s Place to the Horizon,
and you fee the Anfwer. So

Sun’s Place. From the Eaft.
Fan 1. 21 46 VS Ampl= 37 o0oS.
Apr. 1. 22 ‘2o 13 30 N.
Nowv. 4. 22 4A6m 31 003
Dec. 23. 14 50 VS 39 §o 5.
PR O.BO VI

To find the Oblique Afcenfion of the Sun ;

WHICH is an Arch of the Equinoétial,
included between the Eaft Point of the Horizon
and the firlt Point of Aries, after the Sun’s

- ‘ Place

I
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Place in the Ecliptic for that Day is brought to
the Horizon : As by thefe Examples.

Sun’s Place. - Oblique Aﬁmﬁim:
@ i £L 6.7 .10
Fan. 1. 2T eys 324 00
Apr. 1. 22 *zo. ¥ I0 40
Nowv. 4. 22 46 m 255 30
Dec.25. a4 Jsavs 318 40

PR OB -VIL
To find the Suw's Meridian Altitude any Day.

THIS is an Arch of the Meridian between
" the Sun’s Place and the Horizon. As for
Example, -

Sun’s Place. Merid. Altitude.

o o =] r
Fan. 1. 21 A6 VS 16 30
Apr. 1. 22 207V 46 30
Nov. 4. 22 46 m 19 30
Deg. 23. 14 50 VS8 16 oo

PR OB VIL

2o find the Tume of the Sun’s Rifing or Setting
any Day.

PUT the Sun’s Place in the Ecliptic to the
Meridian, then fet the Index of the Hour-Circle
- to
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to the upper 12 ; then turn the Sun’s Place to
the Eaft Part nf' the Horizon ; and then the
Index will cut the Time of the Sun’s Rifing in
the faid Hour-Circle.

Exampirr.
Sun’s Place.. " Sun rifeths.
o 83 H.0 ye
Fan. 1. 21 46 V8 o8 oo
Apr.x. - <iz2.0 o ¥ of . 2F

Nov.g. v22 46 m . " o9 40
Dec.23. Ig . %0 V5 CERT S0

Note, That having the Time of the Sun’s
Rifing, you have alfo the Time of the
Sun’s Setting, by dedufing from 12 : And
the Length of the Day is double the Time
at which the Sun fets ; and the Length of
the Night is double the Time & Sun«
rifing. 'Thus,
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Length of | Length of

Sun rifes. . Sun fets. Day. Night.

! ik i sk b o
Fan.1. 8—oco0 4—o® o08—o00 16—00

Apr.1. §—21 6—39 13=—18 10—42
Novuds 740 4—=20 _ 08—4o0 . I5—20

Dec.2y. 8—02 3—38 o7—s56 16—o4

PR OB, JIX.

To find the Time of Day-Break, and End of
Twy-light. This is when the Sun is eighteen
Degrees below the Horizon, before its Rifing,
and after its Setting.

RECTIFY the Globe as to Latitude, and
the Quadrant of Altitude ferew’d in the Zenith ;
then (for Day-Break) firft find the Sun’s Place
in the Ecliptic, and bring that to the Meridian,
and the Hour Index to 12 ; then bring the De-
gree of the oppofite Sine to the Meridian, and
move the Ball and Quadrant of Altitude on the
Welt Side of the Meridian, till the Degree of
the oppofite Sine fall juft under 18 Degrees of
the Quadrant of Altitude ; then the Index will
cat the Time of Day-break in the Hour-
Circle,

2 And
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And for the End of Twylight (or the Lighe
of the Sun after its Setting) deduc the Time of
Day-break from 12 Hours. Thus,

PivadS Blical 5 Dyt ooyl end:.
_ L, X I B ot
Jamr. 21—a6 V8 s—4o 6—20
A Apr. .11..- .,:-ﬁzr--zo L) 3—09 8—s1
Nov. 4. = 22—46 m 5—38 =22 |
Deec. 25; 14—50 VS8 | 5—48 612

Note, 'The oppofite Signs are thus :

Aries,, Libra,
Taurus, Scorpio,
Gemini, Sagittariys,
Cancer, Capricorn,
Leo, . Agnarius,
ﬁ‘r_gt:r, |  Pifees,

C 2 PR OB.
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B e

To ﬁnd the Sui’s Altitude at any Time of the
Day, the Sun’s Place and Time of Day

g‘f Ven.

H AV ING brought the Sun’s Place in the
Ecliptic to the Meridian, and put the Hour to
12;a-Clock ; turn the Globe till the Hour’s In-
dex points to the Hour of the Day given ; then
lay the Quadrant of Altitude on the Sun’s Place,
and ‘it will cur the Altitude.

ExAMPLE '} |

What is the Altitude of the Sun on the Days and
' Hours follewing ¢ |

Sun’s Place. Time of Day. Alt. fought,

o ' b. i o '
Fan.1.- 21—46V8 o2—30 p.M.  ©09—30
Apr.1.. 22—20V  o4—30p.m. 2I1—00
Nov.4. 22—46m  o9—30am.  12—30

Dec.25. 14—350 VS 10—30am. 13—00

& . PR OB
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g ol e

Zo find the Sunw’s Azimuth (or what Point
of the Compafs it fbines. from) at any Al
titude.

TURN the Globe to the Weftward if Af-
ternoon, or to the Eaftward if Morning, till
the Sun’s Place lies juft under the Sun’s Alti-
tude on the Quadrant of Altitude, which will
then cut the Azimuth in the Horizon.

Sun's Place. Altitude. Azimuth from South,
iy gL oih |
21—46VS o9—30pm. 34—30S.W.0yS.near
zz%zo T 21—ocpm. %76—oco W.5byS.
22—46 W 12—30am. 36—30 S.E.5yS near

I14—350 V3 13—o0cam. 21—208 8. E

PLR:O B XII

To find the Honr of the Dd_}'; baving the &.fu’j_'
' Place and Altitude given.

BRING the Sun’s Place to the Meridian,
and put the Index of the Hour-Circle to 12 ;
then turn the Globe (Eaftward if before Nooun,
or Weftward if after) till the Altitude on the

€3 Quadrant
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Quadrant meet, and fall on the ‘Sun’s Place ;
when the Index will point to the Hour in the
Circle upon the Pole. 'Thus,

Sun’s Place. Altitude. Hour of tb?ﬂﬁ‘y—.
® . o ’

21—46 VS 09-—30 p. m. 02—30
22—20 T 2I—00 p. m. 04—30

I4—30 V5 13—00 a. m. I10—30

PREO' B X1

o ﬁﬂd the Length of the longeft Day. in
any Latitude.

RECTIFY the Globe to the Latitude,
{uppofe 351.32; Secondly, Bring the Solftitial
Colure to the Meridian ; Thirdly, Put the
Hour-Index to 12 ; Fourthly, Bring the Inter-
{etion of the Colure, with the Tropic of
Cancer, to the Horizon ; and then the Index
will cut 8” 15 ; which doubled is 16" 30" =
the longeft Day. And the like by the Tropic,
of Capricorn gives 33 " ; which doubled, gives
n+h | the fhorteft Day.

So
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So alfo in the Latitude of 40°, of 30°, or
20°, the Jongeft and fhorteft Days are as follow :

The longeft The fhorteft

Day is Day s

o T b .7
40 I1§-—00 09—30
30 14—16 10—30
20 13~—30 I1I—00

PR QB  XIV.

9o find the Difference in Time contained in the
fame Number of Days in different Parts of the

Tear.

FIND the Sun’s Place, and then the right
Afcenfion, and take their firft and fecond Dif-
ferences; and the laft converted inte Time,
gives the Anfwer,

Note, 15 Degrees is 1 Hour, and 1 De-
gree = 4 Min,

C 4 . BXAMBLE
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ExiaMprLeE

Sun’s Place.  Right Afr. Difference.  Diff. of Diff.

o ! o ) (4] 4
June1. 21—03 TL 080—~45 _
: 3017
July 1. 19—~3¢ B  111=—00 =
i . - [me§, O 4% 1
Fan.1. 21—=46V3$ 293=—c0 -~ {time.

§ 3 [==20

3. 22—35 i 324=—20

E}IAMPLE II

Sun's Place.  Right Afc. Difference.  Diff. of Diff.

r r f

o

M. 1. 2i=—40 ¥ J§2—0C0

o O

13—30 o :
21. 1I=—30 Y 10—30
£y — ;""'4?! or 1§
Dé. 1. “20—12 7 2§9—20 (¢ime prope.

§ 22—10
'ig1.l 10~goVE 281—30

Now the Reafon of the Difference is this :
Suppole another Sun at no Degrees of the
Equinoctial to commence its diurnal Rota-
tion from the fame Meridian at the fame
Moment that our Sun doth; that Sun, -or
Mark in the Equinoctial, will pafs round to
the fame Point again in twenty-four Hours :
But the Sun itfelf will return fometimes
iater to that fame Meridian, and confe-

quently
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quently will make a longer Day than-the true
Day of twenty-four Hours, made by the Equi-
noctial, which is called the Civil Day, as that
made by the Sun from fome Meridian to that
Meridian again, is called the Natural Day.

“'And this Difference between the Sun’s Day
and Equino&ial Day is caufed by the Obliqui-
ty of the Sun’s Orbit ; the Sun’s apparent Mo-
tion being flower when in his 4pogenm, thanin
his Perigeunt.

ER O R XV

L*

9o find the Latitude of any Star.

'THIS is the Arch of a great Circle which
paffeth through the Poles of the Ecliptic.and
the Body of the Star, contained between the
Ecliptic Line and the Center of the Star.

So to find the Latitude of Lyra ; bring the
Pole of the Ecliptic, which is next the Star; to
the Meridian, and f{crew the Quadrant of Alti-
tude juft over it; whence laying it over the
Star to the Ecliptic, the Diftance from the Star
to the Ecliptic is 61° 20" the Latitude.

P RO B,
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PR OB XVIL
To find the Longitude of a Stay.

T HIS is that Part of the Ecliptic which is
contained between the firft Point of 4ries and
the Circle of Longitude which paffeth from the
Pole of the Ecliptic through the Center of the
Star, and croffeth the Ecliptic. So to find the
Longitude of Lyrz (the Harp) the Quadrant
of Altitude placed over the Pole of the Ecliptic
to extend over the Star, will cut the Ecliptic in
10° of Capricorn, which is 280° from the firft
Point of Aries = to the Longitude requir’d.

PR.O B: - X¥II
Do find the Right Afcenfion of a Star.

BRING the Star to the Meridian, and
that Circle will cut the Equinoétial in the right
Afcenfion, or Diftance from the firft Point
of Aries.

PR OB
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i

P R O B. XVIIL

To find the Declination of a Star.

THTIS is done by bringing the Star to the
Meridian, and then the Degrees in that Circle
between the Star and the Equinoctial, is the De-
clination North or South.

Exameres of the four laft Problems follow.

STARS. Lat.
o
Lyra, 61 20
Ariturus, 3% 20
Morth Crown,

43 1§

Pegafis's Pinion,
or Marchab } 1538

The Tip of the} T
Wing,

Antinons’s Breaft, 21 oo

Capella, 211§

Cygnus, near the
Neck,

Hercules's Left
Shoulder,

EFS 45

}E;g oo

Longit,
Q r
280 oo

200 00O

217 40

349 45

4 42
296 30
43 00

318 oo

234 30

Right Afc. Decl. Mag.

e) [ o
296 40 383 coN. 1
23 00 20 40 i
230 00 27 00 2
341 o0 13 20 -4
304713 15 2
293 4§ ©0 oo 3
499 “45 50 1
303 oo 36 30 i
241 45 1930 3

Note, Sometimes it happeneth that the Stars
are oppofite to the Pole of the Ecliptic,
{o that you cannot take the Latitude or

Longitude
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Longitude with the Quadrant of Altitude,
as being hinder’d by the Pole of the
World. “In this Cafe you may meafure
with a Thread from the Pole of the Eclip-
tic ; and in Cafe of Latitude, meafure the
Thread on the Quadrant of Altitude.

PR OB XIX.

0 find the Time when any Star comes to the
Meridian Cor Culminateth.)

FIR ST, find the Sun’s Place for the Day
given ; Secondly, Bring the Sun’s Place in the
Ecliptic to the Meridian; Thirdly, Put the
Hour-Index to the upper 12 ; Fourthly, Turn
the Globe about till the Star is under the Meri-
dian ; and then the Index will point at the
Time required. <

Thus for the Bu/ls-Eye will Culminate
Fon. 1. 8" 50, p.m.  So Syrius will be South

0. 4. at 5. paft 3 in the Morn, and Virgin's-
Spire, April 1. 11™ g4

PR OB
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BROBLB SR
To find the Sﬁm:-d;ﬂrﬂ.:ﬂ Afﬁb of any Star s

WHICH is the Drﬁ'erence in Time be-
tween its Rifing or Setting, and its bcmg on the
Meridian : For which, bring ‘the ‘Star to the
Meridian ; ‘Secondly, The Hour-Index to 12 ;
Thirdly, Turn the Globe till the Star come to
the Horizon ; and then -the Hour-Index will
fhrew the Anfwer - As in the Examples fol-
lowing. | f {

P R. 0 B. XKI
- To find rbe Tme af the Ri’f ing qf cmy Star ;

YE’JU have nothing to do but fubtract rhe
Semi-diurnal Arch from the Time that the Star

is South.
PR OB XX
Do find the Lime that any Star [etteth.

A D D the Semi-diurnal Arch to the Time it
is South, and the Sum is the Anfwer.

ExAMPLES
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Exampres of thefe four lat Problems take

' as follow.
Semi- Setting, or| &
For Dec. 25.| dinrn, Rifing. | Somthing. | wunder the |3
Areh, | : Pole. :
Nearand un-J %~ ' | B
dertheMouth » § so| 7 top.m.| 1 com.| 6 som. |3
of Hydra |
Hydra'sHeart |' § 30| 8 45 215 7 4% 1
Liow’s Heart 7.%5| 7 35 4 2 ¥o, 10 Of i
Lion's Tail 7 30| 9 oo 4 30 12 00 I
Charles'sheart | 12 oo| § 3§ 535 5 35pam.] 2

Urfa Major , 1
the End of 212 co| 6 34 6 34 6 14 2
his Tail . :

Arg#;j;;ifmg 8 co|1r oo 7 00 3 00 i
North. Crown 8 48f11 32 8 20 5 o8 2
Bull’s-Eye 7 25| 1 5% 9 20pm) 4 45m. | ¥
Goat, Capella | 12 co|10 com. |10 00 10 00 I
Harp, Lyra 11 15|12 o8 11 23m. |10 38pm.| &
Orion’sleftTh. | § 15| 4 45 p.mij1o copm) 3 1§m. |1
Pollux Neck g ool 3 25 12 25m. | 9 2§ 2

Note, Where p.m. (Aftermoon,) or m. (Morn-
img) are not put down, they are the fame
with the laft above.

Note, 2dly, That there is ancther Way of find-
ing the Southing of the Stars, 7. e. fubtract
the Right Afcenfion of the Sun from the
Right Afcenfion of the Star (adding 360°.
if there be a Neceffity) and the Remainder
converted into Time, fhews the Star’s
Southing.

E x A M-
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ExXAMSLE,

When will Ar&urus come to the Meridian, or
South, the 25th Day of December ¢

° b

Right Aﬁ:enﬁan} 213, Or — 14—12
3

of Ariturus
To which add 360, or = 24—o00

——x

Sum 38—12

The Right Afcenfion of the
Sun d%du& = E e

The Remainderis ——  19—00

Out of which take 12, and the Remainder is
equal to 7 a-Clock ; as in the Table laft above,
which is the Anfiver. And fo of any other
Star’s Southing.

PR OB XXIIIL

Zv find the Diftance of two Stars.

TAKE the Quadrant of Altitude, and
with that meafure the Diftance ; and if it ex-
ceeds 9o Degrees, meafure the reft by the Qua-

drant of Altitude, or the Degrees of any great
Circle,
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Circle, as the Equino&ial, from the firft Point
of Aries.

BEBx aMPLE

Tuus between the Harp and Aréfurys is
57°. 40”. and between the Virgin's Spike and
Aldebaran (or Bull’s Eye) is = 133 Degrees.

.-P-R. Q, B.;5 XXIN,

9o find what Day of the Year any Star will Le
upon the South Part of the Meridian at 12
a-Clock at Night. |

BRIN G the Star to the Meridian ; then
fee what Degree of a Sign is cut by the Me-
ridian in the Ecliptic ; Thirdly, Look in the
Horizon what Day of the Month ftands againit
that Degree of that Sign: Which is the
Anfwer. Thus, . |

The
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Place in the  Southat 12

Ecliptic. at night, Mag.
The bright Star un-
der Urfa Minor's17 20m  O&F. 30. =
Neck,

Hercules’s Head (Nus S
- Algiethi Arace) §15’ 307 Nov.25. 3

Draco, neat his Eye, ¢4 40 2

Bootes Left Shoulder
(Ceginus) =— § § com Of. z0. 3

Dec.n. - 3

Liow’s Back, m—— 3 00 Ayg. 26, 2

1
Auriga’s Right Shoul- -
der, § 25 oo Fun.5 2

Perfeus’s Right Side}
CAigenip) —— 37 008 Apr.27. 2

Whale's Mouth, 13 300 }fpr. 23, 2

Andromeda’s Head, 28 oo X Mar.

Gephus’s Right Shoul-
der (Alderab) % 16

Andromeds’s Chain |
End, . $ 930X Fbaiy 3

305 ‘fam. 25 3

3 304  Sepr.1b. 3

Brighteft in Coma Be- %

renices,
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PR OB XXV
Ty fnd the Amplitude of any Star ;

W HICH is the Number of Degrees in the
Horizon that a Star rifeth or fets from the Eaft
or Weft Points towards the North or South :
Bring the Star to the Horizon, and it will fhew

the Anfwer.

Thus Fomabant rifes 58°. from the Eaft
Southward, and fets §8°. from the Weft South-

ward,

PR OB XXVL

g5 find bow long any Star [bines above
the Horizon.

BRING the Star to the Eaft Part of the
Horizon ; Sccondly, Put the Index to 12;
’Fhirdly, Turn the Globe Weftward, till the
Star comes to the Horizon Weftward ; and,
Fourthly, Look at the Index ; which will fhew

the Aniwer.

E x A M=
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ExaMprrs of the two lap Propofitions.

Time it is a-
bove the Ampl. of o
Horizon, Rﬂ-‘?ﬂg. c.?‘
Bt o '
Fomakant, near Pifces [ il g S-
(z‘ffaﬂﬂ?ﬂm SMiDuth); .58 S8 £PS;, X
Aﬂli-::z;: his  Righe } s igolliv sy 46 Bovary
3
Eaﬁ.:‘::ds Tail, next the } s i ao N e
Middle of Libra (the
Ballance) }..m 40. 14 305. 2
Canicula (biggeflt in
the Littie Dog) 513 oo 10 ooN. 2
Caftor’s Forehead, 19 15§ 59 30N. 2
Leo's Neck, 16 oo 34 20N. 2
dromeda’ s Hip (Mi-
A?:.;jrge P §zo o6 63 10N, 2
D =z PROB
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PR OB XXVIL

The Altitude of any Star being given, to find

its Azimuth.

BRING the Degrees of the Star’s Alti-
titude (in the Quadrant of Altitude) to lie juft
over the Center of the Star, and then the gra-
duated Edge will cut the Azimuth in the Ho-

rizon. So

Altitude.

or Right Eye of p51 30
the Bull)

Orion’s Right Shoul-
der (Bed Algenfe) §33 40

Middlein Urfa Major’s
Tail, b3 90

Aldebaron (or South}

Caffiopea’sRight Arm-
pit (Scheder) } 43.3¢

Aries his Head, be-
g— 2 20
tween the Horns,

Goat) between the

Capricorn, (or JSea-
20 20
Horns,

Aximuth
ﬁam:éc

Eaft.
66 oo S.

36 45S.

39 30 N.

34 20N.

o6 30 S.

7O 40 S

3

E

3

PROB.
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PR O B. XXVIIi.

37

The Altitude of any Star, and the Sun’s Place
in the Ecliptic given, to find the Hour of the

Night,

BRING the Sun’s Place to the Meridian
(found as by Prob. 1) Secondly, Put the Hour-
Index to 12 at Noon ; Thirdly, Turn the
Globe and Quadrant till the Altitude of the
Star (upon the Quadrant of Altitude) fall juft
upon the Center of the Star ; and then the
Hour-Index will thew the Time of the Night.

Examples may be thefe that follow :

Great Dog’s Right Foot,
Lepus's Left Side,
Canicula’s Neck,
Firgo's Neck,
Aquila’s Neck,
Aquarius’s Wﬂtcr-potg
lor Thumb,]
Nova Stellz, in the
Whale's Neck,
Loweft of Orion’sGirdle,

ﬂ-_ll'ﬂ?' 5 Side; next the

Stars

Ale,

20 30
1§ 30
10 00
1o 30
14 oo

1§ 30

B W3 W b IEHH

LY =]

1|12 40
2128 2¢

71700

Loweft in Urfa Mn-%

Middle of his Back,

D 3

Sun’s
Place.

o =~
2 M
25 M
15 «
5 Vs

24 Y8

10 &%

2 ¥
22 ¥

Hour of the
Night.

—

Days
Men

;

4 45 m.
115 ,
It 12 p.m.
I 30 m,
6. 30 p.m.

6 30 p.m.

9 30 p.m.
9 40 p.im.

i1 com.

22 Sept.
14 O,
6 Now,
26 Nov.
16 Dec,

4 Fan.

]9?‘”?1
10 Feb.

1 Mar.

PROQB
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P RO B. XXIX. -

To find the Acronical Rifing of any Star,

A STAR rifeth fo, when it doth rife at the
Time when the Sun fetteth, and doth confe-
quently thew when it may be the proper Time
of obferving any Star, fo as to know its Alti-
tude, Azimuth, Hour of the Nwht there-
by Eé’é‘ Thus:

S ‘fff R 5 Ri f amfa little .ﬂl*ﬂ':ff: ibe_ '

Horizon, at Sun=fet, viz.

“an. xo. Orion’s Right and Left Simulder,
Belt, and Right Thigh ; Caflor
and Pollux ; and Urfa Major, ex-
cept its"Lail |

Ivb. 10. Four in the Iare'; the Greal and
Little Dogs 3 Hydra’s Heart 5 Lion’s
Neck, Heare, -and Back ; Cor Cz-
v0li 5 Coiza Berenices's Bootes Head
and Left Shouldet.

Mar. 10. g hr-‘.“e in the $hip; ; Liow's 'Tail; Virgo's
Neck ; Boores’ Right uhﬂhldﬁ‘f' and
Knee ;5 Hercules his Leg. |

B | Ap,



Apr. 10.

May I0.

Fune 10.

Fuy 1o.

Aﬂg. 10.

A Mathematical MANUAL, 39

Corvus 2 3 Virgin’s Spike ; Arfturs ;
Northern Crown  three in Hercules
his Body, and one in each Arm
near the Body ; Lyrz ; and four
bright ones in the Swan.

The bright one in the Middle, and
others about Libra’s Ballance ;
three near Scorpio’s Tail ; Hercules
his Head ; Swan’s Head ; and two
bright ones in the Eagle’s Tail ;

Andrameda’s Chain End.

Scorpio’s Heart 3 a bright one in the
Eagle's Neck ; five in the Dolphin ;
and four in Andromeds’s chained
Hand.

Two in Seorpio’s Neck ; three in Sa-
gittarius his Left Hand, and three
near his Neck ; fix bright ones
in and near Antinons his Body.

Two Horns of Capricorn 3 Perfeus
" his Right and Ieft Shoulder, his
Side and Arm ; Pegafis his Wing
and Scheat, or the bright one near
his'Tail ; Andromeda’s Head, Hip,
and Foot.

D 4 Sept.
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Sept. 10. ‘T'wo in Capricorw’s 'Tail 5 Aguarius
his Ieft Shoulder ; that near his
Right Shoulder, and Right Hand ;
f Ram’s Head ; Perfeus his Foot ;
Hircus, the Goat 3 and Auriga’s

Right Shoulder.

Nov. 10. Pifces Aufivinus ; Aquariuss Knee ;
two in the Whale's 'Tail ; the
bright one near and above his
Eye ; the Pleiades in the Bull.

Dec. ro. 'The bright Star in the #7bale’s Mouth ;
three near and under his Eye;
Aldebaron ; and Auriga’s Right
Leg.

Note, 'That the Circumpolar Stars (or thofe
whofe Declination is more than the Com-
plement of the Latitude) never rife nor
{et, but are diftinguithed by being faid to
be under the Pole, and above the Pole.

The foregoing Zable is made by bringing the
Place of the Sun in the Ecliptic to the Horizon
in the Weft, and then the Stars mention’d will
be in or a little above the Horizon in the
Eaft,

TRON
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PR B XK

AND becaufe T would endeavour to help
the Reader to know the Stars, I will give him
the following Table of the circumpolar Stars of
moft Note, (with their Declination) the Time
when they are Eaftward from the North Part of
the Meridian at 45 Degrees of Altitude, and
are afcending toward the South Part, or Zenith,
at Sun-fet. Degrees go lefs, the Latitude §1.32,
refts the Compl. Lat. 38°. 28".

Declin. ~ Mag. A%ﬂ;f
Swan, near the Neck, 38 30 3  Faly14.
Ditto, near the Tail, 43 40 2 Ditto.
Ditto,intheRightWing, 43 50 3 .Dit;;a.
Hercules’s Foot, 46 oo 3 May 24
Bootes’s Head, 41 oo 3 Apr.1s3.
Left Shounlder, 38 40. 3  Ditto.
Cor Caroli, 40 oo 2 Apr.3

Auriga’s Right Shoulder, 44 50 . 2 Fan. 15.
Hisbeloved Hircus, - 45 40 1 Jan.8.

Perfeus’s R‘ight Knee, 38 30 3 De.30.
| Per-



42
Declin.

Perfeus’s Right Side, 49 oo
His Right Arm, 51 oo
His Left Arm, 43 26
Zfzﬁi:gmeda’s Foot, } e

amac)
End of her Chain, 43 20
Cephus’s Right Shoulder, 61 oo
His Belt, el Oggil
Twoin Draco’s Head, §1 oo
Four in his Body, §8to 66 oo
i U iy gy
Four in his Left Slde,

§5,20 to } 63. 30
Fi:;zn Cﬂﬁapm,sq. 30% Botnk
Urjlfr&ﬁzmr, EE{_{:I' 11:3} R
One under the laft, 73 00

Mag.

2

3

2

3

A Mathematical MANUATL
Alt. 45°. at

Sun-fet.
Dec. 13.
Dec. 8.
Dec. 14,
Dec. 3.

Sept. 18.

Fuly 2.
Fune 22.

May 18.
Apr.23.

Mar. 28.
Feb. s.
72

Mar. 2.

. Apr. .

Two in his Body, and two in his "Tail, Deciin.

76 to 86 ;

Magn. 4, 5,6 5 Alt.. Apr. 9.

End of his Tail, or Pole-Star, Decl. 87 . 27 ;

?Eﬂr{g;:«: 23 Sept. 12. at §1.30. AN

To
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T'o make the foregoing Zabie ; lay 4§ De-
grees of the Quadrant of Altitude upon the
. Center of the Star ; then fee what Degrees of
the Ecliptic are cut by the Horizon Weftward,
and find thofe Degrees in the Scale of the Ho-
rizon ; and right againft that ftands the Day
of the Month.

Note, That the End of Twylight, or Time
of the Stars appearing, is found for the
refpective Days in the laft Zalle by the
Rules wnder Prob. 1X. foregoing : Tho’
Stars of the firft, {econd and third Magni-
tudeappear when the Sun is 12, 13, and 14
Degrees below the Horizon 3 and thofe of
the fourth, fifth, and fixth Magnitude,
when the Sun is 15, 16, and 17 Degrees
below the Horizon.

PH-OR XL
To find the Latitude of a Place when at Sea,

by a Star, baving its Altitude, Azimuth, and
Declination given.

FIR ST, Put the Degrees of the Alritude on
the Brafs Meridian to the Horizon ; Secondly,
Screw the Quadrant of Alitude upon the
Complement of the Altitude ; Thirdly, Brigg

the
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the Quadrant of Altitude to the Azimuth in
the Horizon from the North Point thereo®,
and there keep it ; Fourthly, Turn the Globe
till the Degrees of Declination, reckoned upon
the Equinoctial Colure from the Equinoétial,
cut the Quadrant of Altitude, which will be in
the Latitude required.

EXxXAMPLE

Andromeds’s Head, Altitude = 550 ; o
which T elevate the Pole above the Horizon 3
Secondly, I fcrew the Quadrant of Altitude to
the Complement thereof, 35° ; Thirdly, I put
the Quadrant of Altitude to the Azimuth in
the Horizon, i.e. to 100°. 30 from the North 5
Fourthly, I turn the Globe till 27° = (the De.
clination of Andromeda’s Head) upon the Equi-
noctial Colurc cut the Quadrant of Altitude,

which it doth in 40° 30 = the Latitude
fought.

So likewife the Latitude is found by thefe
Stars : |

Procyoin,
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Alzir. Azim, Dechin. Latit.

o A - R o ¥

Protyon, or errfe§ 25 00

Dog, 98 30 .of 45§ 20 30

Ariturus, 45 30 112 00 20 4o 45 30

Bull's Eye, or
Forehead, (4l- 61 co 135 oo iy 30 37 30
debaron)

The Latitude is moft eafily found by the
Terreftrial Globe for any Place at Land ; but
the Rule above is for thofe at Sea.

P'RI0 B, XXXII

A moft eafly and natural Way of finding the
Hour Diftances on an Horizontal Dial for any
Latitude.

~ HAVING reétify’d the Globe to the La-
titude, bring 15° of the Equinoctial to the Me-
ridian, and then the Equino&ial Colure will
cut the Horizon in 11° 51'. = the Diftance of
the Hours of 11 and 1 from the Meridian.

In like manner, if you bring 30°, 45°, 60°,
and 75°. of the Equinoctial to the Meridian,
then the Equinoétial Colure will cut refpetively
in the Horizon, the Hour Diftances from the
Meridian (or 12 a-Clock Hour-Line) of the

Dial
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Dial 11° 51°; 24°. 19 ; 38° 2% ; 53° 48.;
and 71°. 6. ; as in the following Table.

B 3E A
15 :I"“.F 1 11 & 1
30 2419 10 & 2
ol T 38—o04 N
B81 18 NSy, § & 4
75 71—006 n & 5
90 - go—o5 - 6&6

And the Hour-Diftances of § and 4 in the
Morning, and 7 and 8 in the Afternoon are
the fame as thofe before the Hour-Line of and
next 'to that of 6. And the Height of the
. Stile, or Gnomen, or Cock, is the Latitude of

the Place ; and fo your Dial is finifhed. G

PR OB
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1 PR O B. _X}_LXIII.

To find the Hour-Diftances. ﬂppn the Erec? Direlt
| South Dial.

THIS is done as the laft : But only elevate
*:he Globe to 38.28, €. the Complement of
‘the Latitude, 111ﬁead of the 1atitude 51.32:
For, bringing 15°. of the” Equino&ial to the
- Meridian, the faid Colure will cut in the Hori-
zon 9o0° 27.; and fo of the reft. And the

 Angle of thegﬁg_l:ile muft be 38° 28 See the
following 'Table..

e e 0 L
25 9ﬂ9;‘27 II X 1
30 19—45 10 & 2
45 31353 o .53
6o~ 41—o9 = 8&g4
73 66—42 n& s
90 90—90 6 & 6

Note, The erect dire¢t North Dial hath only

% the 6 a-Clock Huur—Lmes, and the 2
befﬂre
i
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before and 2 after 6 in the Morning, and
the fame in the Afternoon, of like Di-~
ftance with the laft Dial. And the Stile ig
the fame, only placed above the Hour-

~ Line of 6, with the Angle downward to
the Center of the Dial.

. :.;But'thc be&Way. of making Eaft, and Wett,
and Decliners, not being by the Globe, 1 fhall
fay no farther of them in this Place, but pro~
ceed, | |
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=3 TPV W

Aftronomical ProsLEwms, relating to
the MOON chiefly 5 containing RULES
ﬁar Computing 'Time: Of Ufe to thofe
who would make Almanacks for any
Year to comes. In a very eafy Method, and
more Varia:ﬁ}}?}fd New than any one bas
done before.

PR.Q B.J

Ty find the Goldew Number for amy Tear (or
Cycle of the Moon.

@a HIS is a Cycle, or Revolution of
G| nineteen Years ; in which Time, the
9! Fulls, Changes, and Eclipfes of the

" Moon were reckoned to return in the

fame Order, or nearit.

Pk E R:v L E
iy
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B post e,

- Add 1 to the Year of our Lord, and divide :
“the” Sum~by 19, and the Remainder is the
Golden Number : And if nothing remain, that
Year is the laft, or 1gth of the Cycle.

Note, T he Reafon you add 1, is, becaufe 1
Year of the Cycle was gone when the Year
of our Lord commenced.

EXA‘»IPLL

IWhat is the Golden Number rbe Tear 1726 ?
the Year I wrote réu.': Part.

1726
more 1

]

19)=1727(g90
17 refts.  'The Anfwer,
PR OB I
To find the Cycle of the Sun.

THI1S is a Revolution of 28 Years; in
which Time the ILeap Years and Dominical
Letter come again in,the fame Order.-

"

Ryl ns
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Bt . &

Add ¢ to the Year of our Lord (becanfe ¢
Years of this Cycle was gone when the Year,
or ZEra, of our Saviour’s Incarnation did begin)
and divide the Sum by 28, and the Remainder
is the Anfwer. Or if o remain, that Year is
| the laft, or 28th, of the Cycle.

BEYAMPLE

To find the Cycle of the Sun for x726.

1726
more ¢

28)=1735(61

-
27 = the Anfwer.

PFPRIOE YTt
To fiud the Epai? for any Year.

THIS is the rx Days Difference between
the Solar Year of 365 Days, and the Lunar

of 354.

Bl B

Divide the Golden Number by 3, add 10
times the Remainder to the Golden Number,

and the Sum is the Epact.
E 2 ExaMprE,
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EKA.MPLE-

h‘/’bat is the Epact for the Tear of our
Lord 1726 ¢ ;

See the Operation following.

The Golden Number for this Year 1726. is
found 17 ; as above.

3)17(5

Z

Multiply by 10

20 more 17 is = 37, lefs 30,
[refts 7 = the Aniwer.

Or thus : I multiply the Golden Number by
11, and divide the Product by 30, and the
Remainder is 7, the Epact, as before.

FPR'OEIV

To ﬁﬂd how mauy Years any. Year is frow
Leap Year.

THE Romans called Leap Year Biffestiic,
becaufe they put the odd Day, gained by four
times fix Hours (the Year being 365 Days

and 6 Hours) after the 6th of AMerch, rec-
koning
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koning that Day twice. But we place the
Day after the 28th of February.

R v 1 E

Divide the Year by 4, what’s left will be,
For Leap Year o ; Years palt, 1, 2,0r 3.

ExiAs MDLE

For,
4)1726(431
12

6
refts 2, or the 2d after Leap Year.

PR S BTN

To find the Dominical (or Sunday) Letter.

{ i s A

Divide the Sum of the Year of our Lord ;
#4‘::11 thereof and 4 by 7 ; {ubtraét what re-
mains from 7 ; and that laft Remainder is the
Letter required : Reckoning 1 = A, 2 =B,
3=C,4=D, s=E, 6=F, and7=0G.

£E'3 ExamprLE
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ExaAamMmePp1E

What is the Dominical Letter for the

Year 1726 ¢

1726 = the Year.
431 == its 4th.
4

n)2161r = Sum (308
61 |
& refts, and 7 lefs 5 = 2,0r B.

But Note, That in Leap Year there are two

~ the 1ft of Fannary to the 24th of February

Sunday-Letters ; the one found as above,
ufed all the Year after St. Matthias’s Day,
February 24. to which Time, from the
firlt of Fanuary, the next Letter following
is inferted in the Calendar: as in the
two laft Leap Years. 'The Dominical Let-
ter for 1720. is found, by the Rule above,
to be B, ufed from St. Matrhias’s Day to
the End of the Year; and the Letter next
in the Alphabet (or C) is ufed for the
Sunday-Letter from the 1ft ‘of Fannary to
the 24th of February (or St. Matthias’s
Day.) So allo in 1724. the Dominical
Letter, found as abgve, is D ; and from

it
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it is E. The Sunday-Letters being rec-
kon’'d backward always in this Cafe.

Note alfo, That a 4th is added for the Leap
Years ; and 4, becaufe fo many of this
Cycle of the Dominical Letter was gone
when the Year of. our Lord commenced.

PROB VE
Jo fud the Moow's Age at any Time.

Ra L' E

i .
Add the Epac, the Day of the Month, and
Months from Aaich, together, (including March
and the Month you reckon to) and the Sum is

the Moon’s Age. If that amount to 30 or 6o,
deduct thém,

ExAMprLeE.

I would know the Moon’s Age the Day that
I am writing this, which is Axguff 30. 1727

18 = the Epact.
6 = Months from Alzr¢) inclufive.
30 = Day of the Month.

54 Sum, lefs 30 = 24 from 30, the
[Dﬂ}}. refts 6, the Age,

L4 But
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But Note, That from Fanuary the 1ft to
March the 1ft, you muft ufe the Epaét for
the Year next preceding.

) g & sy

Zo find the Hour and Minute when the Moon
comes to the Meridian.

NoiihE

Multiply the Age by 4, and divide the Pro-
duct by 5, and the Quotient is the Hour, and
the Remainder is {0 many times 12 Minutes.

EXA'MPI E
To know when the Moon comes to the South awhen
it is fix Days old.

6
Multiply by 4

5)24(4

4 refts,
12 mult.

48 Minutes,

50 48 Minutes paft 4 is the Anfiver.
FROB



A Mathematical MANUAL 5

PR:O B.. VIIL

T find what Day of the Month Shrove-Sunday
is, and confeguently the Day of all the Move-
abie Feafts.

BY Shrovetide is meant Confeffon-Time.
Shrove-Sunday in the Calendar is called Quin-
quagefima, as being fifty Days before Eaffer.

B9t E

Shrove-Sunday, uvpon which the reft depend,
is always the firlt Sunday after the fecond
Change of the Moon which happeneth after
New-Vear’s-Day.  And if that Day of the
fecond Change be Sunday (as it was Anno 1716,
1717, 1720, 1722, and 1726. then that Suuday
is Shrove-Sunday.

ExampieE

IT'hat Day of the Month was Shrove-Sunday i
| the Year 1925 ?

Rvuz1iE,

In this Cafe you muft always ufe the Epaét
for the Year before, whereby, &%. as under
Pirob,
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Prob. V1. having found the Moon’s Age, fup-
pofe Feb.13. to be 13 Days old, Irun back and
find the Day of the fecond Change was Fe-
bruary the 2d ; and February (as by the Rule
in the next Problem) beginning with D, and
the Dominical Letter for that Year (as by
Prob. V.) being C ; therefore D being the firft,
D is the eighth Day, and of Confequence C is
the feventh of February ; which being the firft
Sunday after ‘the fecond Change, is Shrove-
Sunday. From which the other Moveable
Feafts are found thus :

Shrove-Sunday, being found asabove, - Feb. 7.

Quadragefima, or firlt Sunday in Leut, % Feb. 14
muft be .

Eaftey-Day bemﬂr feven Weeks after
Séramf-jmidﬁj, muft be g L

Eafter-Term, 'béﬁinning a Fortnight .
after Eafter Wednefday, } APr. 14

Rogation-Sunday, being 5 Weeks after
gtin-Sdiy bng§ Wesks e g,

Alcenfion-Day, being 4.0 Dayq after |
Baftery 1s } Mg

Lafter-Zerm ends the Monday afu:r} My 10,
"f:_l'lrlf l'.:'l"j"_'.’ll"- ;.II-,;-“_I'JJ :‘.:;;_‘ ——

Hbit funday,
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W hitfunday, feven Weeks after Eafte ”:% Mazy 16.

muft be ——— —

Trinity-Sunday, the next after W hit-
[unday, —_— — } May 23

Trinity-Term begins Friday after Trinity-Sunday,
~ and ends #'ednefday a Fortnight afterward.

And the Beginning and End of Hilary and
< Michaelmas Terms are fixed.

Notey 'That Septuagefima is a Fortnight, and
Sexagefima a Week before Shrove-Sundzy.

Advent-Sunday is always that next the 3oth
of Nowember, whether before or after it.

Epipbany is reckon’d among the moveable
Feafts ; but it is always the 6th of Fa-
nuary. -

Note alfo, 1 have by me near twenty Years
Almanacks, many of different Authors ;
and I find the Rule given by Mr.Cole in

his Englify Diéfionary, to be erroneous,
particularly for 1709. And the Rule

~ given in the CQummon-Prayer-Book for find-
ing Eafier is wrong, for the following Years;

1708,
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1708, 1709, 17:1,-
1712, 1715, 1718,
IM2Yy  IN22y T O,

1725, and: »-1721.

But my own Rule above, is right for all
thofe Years ; and I doubt not but that it
will be found genuine for all Years paft or
to come, and ’tis very eafy ; and which
therefore ought to be inferted in the Room
of the falie Rule.

B s e b,

o find at any Tune what Day of the Week any
Day of the Mouth was, or will be, and the

contrary.

Ry 1 B

To do this, it is neceffary to keep in mind the
Letter that every Month (as touching the Days
of the Week) begins with, and alfo the Domi-
nical Letter for the Year. It may be of ufe as
ro the firft, to get thefe two Lines by Heart.

j"aﬂ.
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Fean. Feb. March, April, May, Fune,
A- Dieun, Dear George, Be FEvermore

Fuly, ﬁﬂgﬂﬁ, Sept. Of. Novemb. Decemb.
Good Clement’s Friend ; 4 Dying Flower !

BEX 2N PP E

I would know ‘what Day of the Week the
24th of Fune (or Midfummer-Day) was in the
Year 1664.

"The Dominical Letter for that Year, found
as by Prob. V. above, was B: Now by the
faid Verfe, Fune beginning with E; Ifay, E1,
E8, Ex5, E22, F 23, G 24, A 25, B (which
is the Lord’s-Day) 26 ; therefore the 24, or
Aniwer, is Friday : For if Sunday be 26, Sa-
turday is 25, and Friday 24.

On the contrary, To find what Day of the
Month the laft Friday in Fune 1664. was ;
Firft, B is found to be the Dominical Letter, as
above, and E the firlt of the Month of Fuse ;
I go forward till I come to Sunday, as e 1, f 2,
£3,a4,and b 5: Now Sundzy being the sth,
Friday muft be the 3d of Fune, and Fridey 10,
Friday 17, and Friday 24 ; {0 the Anfwer is the
24th of Fune, and proves the above Lxample.

PR OB
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PROVB, <XP

To ¥ind by a Sun-dial the true Time of the Nig. .
by the Shade of the Moon.

[T ey -

By the Prob. above, &¢. find when the Moon
comes to the South ; Secondly, If the Shadow
falls in the Forenoon-hours, dedué what the
Shadow wants of 12 from the Time that the
Moon comes to the Meridian, and the Remain-
der is the Hour of the Night. Or if the Shade
falls in the Afternoon-hours, add what it is paft
12 by the Dial, to the Time the Moon was
South.

By iy e ¢ K

Suppofe the Moon is South 24 Min. paft 10
{ome Day ; I look at my Dial, and find it 1t
a-Clock ; therefore I take 1 from 104, 24", and
theveft is 9h. 24" the Hour required.

Or the fame Night, fuppofe I find the Hour
on my Dial at 1, I may then conclude that the
Moon is one Hour paft the Meridian ; o 1 add

11070l 24 and the Sum is 115, 24" the
rrue Time of the Night,

PR OB.
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RR OB XL

5 ﬁ, §
To find the Zime of the Moon’s Rifiug
and Setting.

I IT muft be obferved, That at every
New Moon the Sun and Moon are in or near
the fame Degree of the fame Sign.’

IT. 'That a Sign is 30 Degrees of the Eclip-
tic, and each Degree 60 Minutes.

IIL 'That the Characters of the 12 Signs, and
the Time that the Sun enters into each, are,

v Aries, March 10,
Y Taurus, April 1o.
T Gemini, May ¥1.
% Cancer, Fune 11,
€U Leo, Fuly 13.

R Virgo, Aug. 13.

& Libya, Sept. 13.

m. Scorpio, Offob. 13.

@ Sagittarius, Nov. 12,
Capri
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v8 Capricorn, Dec. 11.
% Aquarius, Fan. 10.

% Pifces, Feb. 8.

IV. That the Sun’s Progrefs through thefe
twelve Signs is, once in twelve Months ; but
the Moon’s in lefs than a Month.

V. That the daily Motion of the Moon is
about 13 Degrees, 11 Minutes.

B X A M PLE

To know when the Moon did fet the 14th Day
of May, 1623.

By Piob.VI. the Moon changed May the
1ft, when the Sun’s Place in the Ecliptic, by
the Signs above, and reckoning every Day a
Degree, was 21 Degrees of Zauius.  From
which Place to the 14th of May aforefaid (or
when the Moon is thirteen Days old) I find by
multiplying 13° 11’. by the13 Days, §/5* 21°.
23", ; which added to 21 Degrees of Zaurus,
sives 6 12°. 23" == the Moon’s Place the 14th

of May aforcfaid: Which by the foregoing
Account
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Account of Signs, is 13 Degrees of the Sign
Scorpio.

Then by confidering the Time the Sun hath
Ingrefs into each Sign, it will appear that the
Sun is in that Sign and Degree the 26th of
Odtober 5 and by the Globe, Quadrant, or Ta-
bles of the Sun’s Rifing and Setting on that
26th of O¢fober, the Sun fets 44. 36, ; which
adding to the Moon’s Southing the faid 14th of
May, viz. to 10h. 24. [See Prob. VI, VII,
and X.] gives the Sum 3 in the Morning (de-
ducting 12 from the Sum) when the Moon fets
the 14th Day of Muay, 1725. And if we de-
duét 45. 36'. (whenthe Sun fets) from 105. 24"
when the Moon is South, there will remain
5h. 48'. when the Moon rifeth the faid 14th
of May 1725. As by the following Operation :

b.
Moon South, ———— 10—24

Sunfets (add) ——— o436

B

.

Sum (Moon fets) = ~— o3—o00

Or if you dedué the 2d
Number from the 11t, the
Rem. gives the Moon’s
Rifing,

o5—48

iy

E PR O B,
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PROB. XIIL

To find the Time of High Water at
‘ London-Bridge. .

SOME give this Ru L, To add three
Hours to the Time of the Moon’s Southing ;
but that will only hold exadly true for the
Day of the New or Full Moon, when the Moon
is always South at 12 a-Clock.

There are two fhort 'T'ables which have been
publifhed two or three Years in Mr. Partridge’s
and Mr. Parker’s Almanacks; but fince they
have not fhewed the makmg thereof, I fhall
omit them, and infert a T'able of my own Con-
trivance, as follows ; and fhew the Calculation
both of the Table of the Moon’s Southing, and
of the High Water at London-Bridge.

ATABLE
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A TaBLE of the MO ON’s Southing, and

High-Water.

Moon Sm;‘é. High Water,

. Min, J'a Min.

A New or Full Moon, o—oo. 3—00
1 Day after, 0—48 3-—48
2 T T 1-—-—I36 a2t
3 m—  —— 2o T s
4 T TCE T 3—12 527
) 4—00 6—o0
6 ——— — 4—48  6—33
(e T R g

At thé firft and fecond
Quarters =

I Day after;, — 6—48 08—18

§ 6—o0 0730

g P e L g 09——2I
3 oy — . 8—24 1024
4 — 09—I2 1127

— 10——00 12—30
6 ——— 1048 0I—33
" —— ¥1—36 02—36

F 2 C O N-
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CONSTRUCTION of the foregoing
4 i P 20 T -

T u & Moon coming to the Meridian every
Day 48 Minutes later for a Week after the
New and Full, and after the firft and {econd
Quarter, 1 therefore make the Table of her
Southing by the continual Addition of Forty-

cight Minutes.

“"Then for High Water, I add three Hours for
one Day after Full or Change, to the Moon’s
Southing that Day ; for two Days after, I add
three Hours wanting a Quarter, to the Time the
Moon is South that Day ; for three Days, 1
add three Hours wanting two Quarters, &r.
adding a Quarter of an Hour lefs every Day te
the 'T'ime the Moon is South that Day.

Sccondly, For one Day after the firft and
fecond Quarters, I add 1k. 30 min. to 6.48,
the Time the Moon is on the Meridian that
Day, €. adding for every Day fifteen Minutes
more than the Day before, from the firft Day,
gives the feveral Times of High Water in the
Column next the Right Hand. :

USE
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USE o the TABLE.

This is fo plain, that it needs no Example ;
for it thews, that three Days after the New or
Full Moon, it is South 24 Minutes after two ;
and that it is High Water that Day 354 h’h-
nutes- paft 4. i

So alfo, That two Days after the Firft or
Second Quarters, the Moon is South 36 Mi-
nutes paft 7, and that High Water is 21 Mi-
nutes paft g.

There is a pretty Mathematical Way con-
triv’d by Mr. Philips, publifhed in Philofophi-
cal Tranfalfions, N° 34 for finding the Tides,
thus:

1. He divides the Periphery of a Circle into
twelve equal Parts, or Hours, according to the
Moon’s Motion from New to Full.

2. He divides the Diameter of that Circle
into go Parts, or Minutes, according to the
Time of the Difference of 'Tides, after the
Moon’s Southing, between the New and Full
Moon, and the Firft and Seccond Quarters,

P which
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which is an Hour and a Half ;) fo that 1, 2,
3, &9¢. are the Hours round the Ambit from
the End of the Diameter next the Right Hand,
where ftands 12 ; and at the End, toward
the Left Hand, 6 ; and the Minutes from
the Right Hand towards the Left of the Dia-
meter, I to 9o.

3. He makes Right Lines crofs the Dia-
meter from the Hours above the Diameter to
the Hours below ; as from 10 to 2, 9 to 3,
11 to 1, &

4. He reckons the Time of the Moon’s
coming to the South in the Circumference,
and where the Perpendicular Lines cut the
Diameter, it fhews what Minutes muflt be
abated from the Time of High Water in
the New and Full, or added for the Quar-
ters to the Difference between the' Moon’s
Sourhing and High Water, at the Firft and Se-
cond Quarters.

The Learned and moft Celebrated Sir Jfzac
Newton fully accounts for the Tides in . his
Theory thereof ; and fays, ‘That the Spring-
T'ides about the New and Full Moons are
cauied by the attradive Power of the Sun be-
ing added to that of the Moon.

:fﬂf £
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Note, The Spring-Tides are three Days be-
fore, and f{till highery three after the
New and Full Moon ; and all the other
Tides about the Quadratures, €. are
called Neip-Tides.

By SECT,



T be Defcription and Ule of the

TerrestriIAL GLOBE.

gl HIS is a Reprefentation of the
\{ TIWA| Earth and Water on the Convexity
of a Sphere or Globe, near unto
which Figure the Terraqueous Bo-
dy is found to be.

11. 'The Earth is diftinguifh’d by
1. Continents,
z. Iflands,

3. Peninfula’s,

4. [tbmus’s,
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& Ifbmus’s,
§. Promontories, and

6. Capes.

I1I. A Continent is where many Kingdoms
and 'Territories of Princes are contiguous,
without being feparated by an Ocean. Ac-
cording to which, Ewurope, Afia, and Africa are
but one Continent, and America is another.
'The Ocean and Seas that furround them will,
be mention’d under the IXth and Xth Heads

following.

IV. An Ifland is a Quantity of Land whol-
ly environ’d by an Ocean, Sea, &c. as Great
Britain and Ireland, bounded by the Weflern
and Northern Oceans, the North Sea, the Englifb
Chanel, and St. George’s Channel ; allo Cyprus,
Candia, Sicily, Sardinia, Minorca, Majorca, and
Yvica, all in the Mediterranean Sea. You have
alfo Madagafcar, the Ladrone, Philippian, Carib-
bee, and Hundreds of other [flands.

V. A Peninfuiz is almoft an Ifland, being
only joined to other Land in fome {mall Part ;
the moft confiderable of which is Africa,. North

and South America, Spainy Ttaly, &c. And
that



w4 A Mathematical MANUATL

that Neck of Land that makes it a Peninfula,
and not an Iflaund, is called,

VI. An Ifhmus.

VIL A Promontory is a mountainous Part of
Land which extends a confiderable Way into
Sea ; the Extremity of which is called

- VIIL. A Cape as that of Good-Hope in the
South of Africa, Comorin in the South of India,
Cape Horn in Zerra del Fuego, €.

IX. The Water is diftinguifh’d by
‘1. Oceans,
2. Gulphs,
3. Streights,
4. Lakes,
5. Bays, and

6. Rivers.

X. An Ocean is a vaft Quantity of Water,
which .commonly boundeth fome of the four
Quarters of the World ; as the #efern and

Atlantic
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Atlantic Oceans, which bound Europe and
Africatowards the Weft ; Northern and Southern
Ocean, which is their Bounds toward the North
and South ; Indian Ocean, on the South of In=
dia 5 Eaftern Ocean, to the Eaft of China ; and
the Pacific Ocean, to the South Weft of .me-
rica, &3c.

XI. A Sez is commonly lefs than an Ocean,
and hath Communication therewith ; as the
Mediterranean, which parts Europe from Africa;
the Etbiopian Sea, South-Weft of Africa; the
Baltic Sea, which parts Mufcovy, Poland, and
Germany from Sweden ; the Red Sea, between
Afia and Africa, &c.

XIL Guiph is Water fhooting up into the
Yand from a Sez; as the Guipbs of Venice,
Perfia, Baffora, Finland, &c.

XIII. A Streight is a narrow Paflage of Wa-
ter between an Ocean and a Sez ; as Gibraltar,
Sundy, Baffora, and Babelmandel, or thoft into
the Red-Sea, and many others. It makes a Sea
differ from a Lake by Water, as an Jfhmtis does
a Peumnfula from an Ifland by Land,

XIV. A Lake is every Way encompafifed by
Land, having no vifible Communication with
the
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the Ocean, €3c. 'T'he moft confiderable are, the
Cafpian Sea, the Lake Leman (or of Geneva,)
Niger in Africa, the White Lake in Ruffia, €3c.

XV. A Bay is as if the Land received or
embraced a confiderable Part of the Sez be-
tween its two Arms. ‘The moft confiderable
Bays jare thofe of Panama in the South-Sea,
Bifcay (made by the Coafts of France and
Spain,) of Botbuia in the Baitic Sea, of Bei-
gal in Eaft India, of Nanking in China, €.

XVIL A River commonly arifeth in fome
mountaincus Part of the Earth, and makes its
Way (the greateft fome thoufands of Miles)
into an Ocean or Sea, &€¢c. and in its Courfe
many leflfer Rivers fall in it. 'The moft confi-
derable are, La Plata (which I take to be the
biggeft in the World) in South America ; Eu-
phrates, a large River rifing near Mount _4r-
rat in Armenia, and falls into the Gulph of
Baffora, which parts Perfia and Arabia 3 Danaw,
or Danube, which rifes at Furflenburg in the
Circle of Snabia, and falls into the Frxine (or
Black) Sea ; Niger, in Africa, which rifes in
the Lake Niger, and falls with the River Gz
bia into the Atlantic Ocean near Cape Verde ;
Nyle rifes in the Lake of Tzana in Abyffina in
Africa, not far from the Red Sea, and with the
great River Nubiz (meeting at Zuo) falls into

the
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the Mediterranean Sea near Alexandria in Eypt ;
W olga rifes near Kafan in Mu/fcovy, and falls into
the Cafpian Sea near Aftracan ; Ganges rifes out
of the Mount Caucafus near Siba, in the Mogul’s
Empire, and falls into the Bay of Bengal near
Sundiva. 1 will add the River Zhames, which,
tho’ fhort, is, like the People, profound, gen-
tle, and filent ; it carries perhaps more Ships
and more Riches to that incomparable City,
Loudon, than can be faid of all thefe other Ri-
vers put together to all Places.

XVIL The Length of thefe Rivers 1 have
carefully meafured thiis :

Englifbh Miles.

Le Plgtg. _— . — .1640

Rapbeares ., —— 910
Danube e 1400 |
Niger e 24350

, Nyle e - 1470
Wolga — — ¢80
Ganges —— 940
T hames — 200 near.

But
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But Note, That the River La Plata is (near
the Mouth, where it falls into the Southern
Ocean) about 240 Miles broad.

- XVIIL And by the foregoing Defcriptions,
it feems, That

Iy Land - In Water
A Continent may be compared to an Ocean.

A Large Empire — — to a Sea.
A Peninfula — — — toa Gulph.

An Ihmus — to a Streight.
An Yand to a Lgke ; and

A Promontory — — toa Bay.

XIX. But there are many other very confi-

derable Rivers in the World, befides thofe
mention’d above ; as,

[z
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2 EUROPE.
In F ﬁ AN CE
The Seyne, the Loyre, the Roan, the Garone.

In the NETHERLANDS.

The Maes, the Rhine, Scbeld, and Senne.

In. Spa1nN

The Duero and Ebyo.

In PorTUucAL.

The Zzjo and Guadiano.

fﬂ ITALY.

The Tyber, the Pa, and the Arno:
In GER M A Hllr.-

The Wefer, Eibe, (befides the Danube and
{mall ones.) |

in
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In Tunkey in EUROPE.

The Save, Morava, Alauta, and the Pruth.

In, PoLaAND.

The Nieper or Borifthenes, Wefel, and the
Bug. - | B

" In Muscovy.

The Oby, Tanais, Deefna, Dwina, and
Oskall.

In SWEDE N.

'The Dalecartus, Effinan, Indais, €.

In ASIA.

In CHINA and ARABTIA.

'The Croceus, Kiang, and Tigris.

In AFRICA.
The Zambre and the Zaire.

In
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m AMERICA.

The River of Amazons, Oroonoks, and
Canada.

XX. But I fhall give a more particular Ac-
count of the Parts of the Earth, and fhew
what Countries are contained in each of the
four Quarters of the World, with ‘their chicf
Cities or Towns, and their Latitude and ILon-
gitude, when I come to fhew the Ufe of Maps ;
no Globes being large enough to have all the
Places Situation diftinguifhed : 'Tho’ by them
we can beft account for the Situation of the
Inhabitants in general ; which are,

1. Thofe that live in the fame Latitude, and
are of the fame Side of the Equator, but are
18a Degrees Difference in Longitude, are
called Periefi : As London being in the Latitude
of 51.32. and Longitude 27° if to 27 I add
180, it makes 207 ; {o that Loudon is in Periefi
with that Place (which is Sea) that hath I.a-
titude 51°, 32. and Longitude 207°. So
alfo -

'The Havana, in the and Cuba in America,
is Periefi with Bengal in the Eaff Indies.

G Bar-
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Barbados, in the Weft Indies, is Periefi with
Manila, -one of the Philippine Hlands.

2. Thofe that have the fame Nuniber of

Degrees of Latitude and Longitude, but are
the one in North, the other South Latitude,

arc faid to be fituate in Antiefi : As London,
s1°. 32'. Latitude, and 27°. Longitude, is Au-
tiefi with a Place at Sea, which is about 20°
near S. W. from the Cape of Good-Hope. So

alo is

The Cape of Good-Hope with (near) Syra-
cafa in Sicily, €. :

The Ifland Sanéfa Helena with (near) Godia
in Negroland, Africa.

3. 'Thofe Inhabitants who have the fame
Degrees of Latitude, but are the one South,
the other North, and have 180 Degrees Diffe-
rence of Longitude, are Antipedes : As London
with ‘a Place which is at Sea, 11° 30". from
New Zealand Southward, which is about 44
Degrees Eaftward from the Middle of New
Iolland, in the South Part of Eaft India, in the
Great Southern Ocean.

XXI. 2be
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XXIL. The Circles and Parts of this
GrLoBE are,

The Meridian, Horizon, Equator, Ecliptic,
the two Tropics, and two Polar (or Artic
and Antartic) Circles ; whofe Defcriptions and
Diftances from one another upon the Globe are
as the Defcription of the Celeftial Globe :
Only it may here be farther added, That the
Equinoctial on the Celeftial, is called the Equa-
tor on the Terreftrial Globe. On which Globe
are to be obferved five Zones, the Dimenfions
whereof, with the DiftinGtion of Inhabitants,
and their Shadows, are thus:

Shad,
' iffgfﬁ ﬂ'{ Extent Dimenfions} caft ar | Inkabitants
‘e | theZunes. Noon, called
" o i : .
i | Torrid Betw. Tropics | 47 oo sways | Amphifcians,
From the Tre-

2 | Temperate ) pici tothe Fo- ¢ 43 ooeach | 1 way Hfrerv:rf:igm;
{ar Cireles

I Fr. the Poles

= | Frigid to the Polar € 23 30 each jall ways| Perifcians,
Circles

XXIL From what is above, it will follow,
That in the Latitude of §1°. 32" North; for
Examgle,

G 2 The
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The Diftance from
the Equator to
the Tropic Can-
cer =

f

23 30

Gt . & -

From that 'TTOPICY 28 o2 or 51 32 Jef5 23 30
to the Zenith is E 51 3 f 3

From the Zenith to : _
the Artic Cir-p14 §8 43 oo 28 o2
cle =

From the Artic
Circle, to thegzs 30 GO 00 66 30
Pole =

is from the Pole

For Proof, the Sum
90 00
to the Equator

And from the Pole
to the Tropic is%éﬂ 30 or 9o 0o Jefs 23 30
'T'o the Zenith- 38 28 9o oo 51 32

The Equator to

the Zenith % L 32 90 00 38 28

To the Polar Circle 66 30 90 co 23 30
XXI1I. The
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XXII. 'The Climates fhew the Variation
of the Length of Days and Nights, and of
the Rifing and Setting of the Stars; as the
Zones do the Quality of the Air in refpe@ to
Heat and Cold, and the Diftin¢tion of the In-
habitants, and their Shadows. A Climate is
that Space of Earth contained between the
Equator (where the Artificial Day is 12 Hours,)
and that Place where the longeft Day is in-
creafed half an Hour. So :

The firft Climate extends from the Equa-
tor Northward or Southward to where the
Day is 12+ Hours,

The fecond Climate extends from where the
longeft artificial Day is 12 & Hours, to
where it is 3. | R

The third Climate extends from where the
longeft Day is 13 Hours, to where it is
13 '%1 &?"‘f

So that according to the Increafe of Days,
there will be twenty-four Climates in each He-
miiphere, counting no farther than the Polar
Circles. 2

G 3 XXIV. The
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X XIV. The notable Points of the Compafs
arc efteemed by thefe feveral Profeffions thus:
'The Faces of

i
Priefts to the Eaft, —— South —— North.
Alftronomers the South, Welt Eaft.
GeographerstheNorth,—— Eaft Wett,
Poers ‘the Welt, = e North —— South.

X.XV. 'The Parts of this Terreftrial Globe,
are as the Celeftial, 7. e. the Ball, Brafs Meri-
dian, Hour-Circle, Index, and Quadrant of
Altitnde 5 whofe Ufes follow.

PROBLEM L

To find the Latitude of any Place,

I H E TLatitude is the Diftance reckoned in
the Brazen Meridian from the Equator North-
ward or Southward ; fo that if you bring the
Place, whofe Latitude you would know, to
the Meridian, it will fhéw its Diftance from the
Equator. '

S0
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o the Latitude of Longituds.

(o) ') o i

Loudon is 51—32 North. 27—o0

Paris 48—435 N. 2Y]—40
- Stockholm 59—26 N. 43—30
Copenbagen ~ §6—13 N. 41—00
Criaco 49—56 N. 46—47
Vienya 48—14 N. 47—00
Mofcow 55—25 N. n2—00
Rome 41—s50 N. ‘;|.ﬂ~—30
Madrid Jo—z¥' N, 23-—40
Amfierdam  52—29 N. 37—00
Dublin 53—20 N, 20—2¢
Edinburgh ~ 56—o1 N, 24—09
Ferufalem 32—o0 N. 66—oo0
Mount Ararat 39—40 N. ¥7—30
Eden(Garden) 32—oo N, nm—00

- Nute, The Longitude is here reckoned from
St. Michael’s, one of the Azord’s.

G 4 PRQE
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PRODB._IL

To find the Lbﬂgitﬁde of any Place on Earth.

T H E Longitude of the Places above are
reckoned in the Equator from the firft Meri-
dian, which paffeth over the Ifland of St. M-
chael, one of the Azora Iflands. So to find
the Longitude of Ferafalem, bring it to the
Brafs Meridian, then look in the Equator, and
there, under the faid Meridian, you have 66,
the Degrees of Longitude required.

PR OB, HIL

To find what Hour it is any Time in any Part of
the World, when it is 12 at London,

SUPPOSE when it islxz a-Clock at Lon-
don, I would know what Hour it is at Fe-
mfaﬁem ¢ -

Becaufe Ferufalom is Eaftward from London,
having brought London to the Meridian, and
put the Index to 12, turn.the Globe toward
the Haft Part of the Horizon, till Ferufalem be
under the HfIf:rldmn., and then the Hour-Index

will cut 22, 50", Afternoon.
So
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So likewife when it is Noon at Loxdon,

i
- Itwill be at Barbados — 8 13

At Famaica 6 3o ]Beﬁ)re

At Cape Horn in Terra del } g J Noon.
Fuego o

At Rome e 1 oo After-N,
At Gibraltar 11 45 Morn.
At Conflantinople = 2 15 After-N,

PR OB IV.

To find at any Hour, at London, where it will
be Noou, or 12 G-Clock, at any Place in the
World.

BRIN G the Place to the Meridian, and
put the Hour-Index to 12; then turn the
Globe till London come to the Meridian ; and
then the Index will fhew the Hour, upon a
Dial at London, when it will be 12 at the faid
Place. And thus may all the following Towns
be put upon a Dial at the feveral Times when

it
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it will be 12, or Noon, at the {everal Places

put down,

dn the Morning,

b.
Pekin, the Metropolis of China, it will §4

be 12 there, when it is here

Batavia, in the Ifle of Fava in Eﬂﬁ; 5

India, —

Middle of the Ifle Sumatra — &

Middle of the upper End of the Ba
of Bengal Y% 6

Agra, the M. of India = —— 6

Cape Comorin in Eaff India, betweeng p
Malabar and Cormandel Coafts, ——

Bombay, in Eaft India, on the Coaft of g
Malabar, 7

Cape Rafalgate, in A; abia Falix, en-—} g
tring into the Gulph of Ormus, ——

I/paban, the M. of Perfiz, — =~ 8

Baffora, where the Caravan comes fmm} g
Mecea,  — -

Babelmandel Strmghts, entring into the§ 3
Red Sea,

__.-—-

!

15

o0 .

30

20

30

43

o0

(ole

22

25

5%

Middle
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9t
In the Mo rm‘ng.

Middle of Madagafcar it wﬂl be 12
there, when it is here § g 38
Mofcow, Metropolis of Ruffia, =—— 9 10
..&'!ﬁppa and Antiech — — = Q720
Fernfalen -— s  —— 0 30
Conflantinople e s 9 45
Warfaw, M. of Poland, e 16 143
Cape of Good-Hope ~— o~ Jo 38
Stockbolm, M, of Sweden, - 10 40
Vienna, M. of Germany, —— 10 47
Rome, M. of Italy, ey e 10 53
Copenbagen, M. of Denmark, —— 11 22
Bafi} and Turin, . ---_I Ir 24
Antwerp, - s e T8 38
Af#ﬁerdzzm, II 40
Paris, the M. of France, — II 350
Madrid, the M. of Spain  ———— 12 12

Dublin,
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South End of the Ifle California

In the Morning.

. 2 b' i
Dublin, Metropolis of Ireland, ~~— 12 29
Madera = —— e —— 1Y
. Mary's, a Weftern Ifland, —— 1 48
Cape Zrio in South America — 2 47
éape Farewel, in North America, — 3 1%
Sffff#ﬁﬁ, in South America, 3 45
Barbados ——— o B 3-"%0
Antigua — e 4 1§
Bérmuda, near the Coaft of Virginia, — 4 25
Bofton, in M*w—-EﬂgZ.ﬂ#d, ! Jogs
G o | i 5 oo
Port-Royal, in Famaica, --"-—-—- 5 30-

~ Middle of the Streights of Magelian 5 30
Sea-Horfe Point —— e—— 6 30
Méxis&, in North Auerica, —_— 6 5;:;
Yort Nelfon, in Hudfon's-Bay, . 30

8 of

Explanation
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Explanation of the foregoing T4 BL E
there needs little more than what is above,

It thews, for Exampre, That it is 12
a-Clock at Ferufalem, when itis 307 paft g

- at London, and the Counties North or
Southward of London. |

It fhews alfo the Difference in Time at any
Hour : For it being Noon 2. 30'. at
Ferufalem before it is at London, it is 3
a-Clock p. m. of confequence at Feryfa-
fem, when half an Hour paft 12 here;
And fo of any other Places and Times that
are in the Morning-Hours. But for thofe
in the Afternoon, as Barbados, it is but
12 there, when it is §o’ paft 3 here; and
confequently at 10 in the Morning here, it
is but 10’ paft 6 at Barbades : We being
3 Hours and 50 Minutes before them, as
lying fo much more Eafterly.

E RO L
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e OB Y.

T find the Difiance of any two Places on Earth-

LAY the Quadrant of Altitude on the two
Places, which gives the Degrees, and multiply
them by 70, and the Product is Englifhy Miles.
It being found, by a&ual Menfuration, by
Mr. Norwood, that there are upwards of 69
Miles in a Degree.

PEEC L O g

Do find the Bearing of any ome Place from
another,

HAVING redify’d the Globe as to Lati~
tude, and the Quadrant placed in the Zenith,
* lay it over the other Place you would know the
Bearing of, and then the End will cut the Ho=
rizon : Right againft which, in the outward
Edge, you will fee the Point of Compafs the

lateer Place bears from the firft which is brought
to the Zenith.

Take
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Take the ExampLEs of the two laft
Problems, of the neareft Diftance and Bearing
of 47 of the moft noted Places in the World
(as follow) from the opulent and famous City
of London. ;

In EURO P E.

Nearef? Bearing, or Point
Diff. Eng.  of Compa/s, from
Miles. London.

Paris, the Metroplis of
Fn::nw, E 208 near S. by E.

Madrid, the M. of Spain, 760  near 8.

Vienna, the M. of Gar-ggﬁg nearﬁ by S
many, Gt

Stockbolm, the M. of
e cfm; W %93:: near N.E.byN.

Copenbagen, the M. ”f} moo near E.N. E.

Bengarkec-———

Amflerdam, M. of the

: : 21047 near E.
United Provinces,

Bruffels, the M. of the }IQG

; near E.
10 Auftr, Provinces,

Berlin,
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Neareft  Bearing, or Point
. Dift. Eng.  of Gompafs, from
Miles. London.

Berlin, Metropolis of? -
Upper Saxony in Ger->560  E by N.

Hanover, in Lower
; d 420 E,
Saxony in Germany, ; |

Ausburgh, M. of the : *
Circle :;f Suabia, } 435 near E. S. E.

Cracow, the M. of Po- } "oo)

and, near Ei-

Mofeow, gthe M. of T oo 1o RVLE

Ruffa, ———
Rome, the M. of Italy, 840 8.E.

Conftantinople, M. of
fﬁ?kﬁ:ﬂ, 4 1640 E. b}’ S.

v —

Bafil, M. of Switzerland, 400 . 8. E.
§24.° newS F

Turin in Savoy,

Gibraitar, in the
Streights by the % 1250  near S. S, W.
Medsterranean,

Port Mabon, in the Iﬂe} fro: Reat 8.

Alinoreay, —————mu

- Meffina,

"
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Neareff ~ Bearing, or Point
Difi. Eng.  of Compals, from
Miles. ondon.

Bombay, on the Mala-

pi o e DY oo e

Bengal, on the Corman-
del énaﬁ, — §5 Afa 1%

. AFRICA

Alexandria in Egypty— 2310 8. E. by E.

Tetuan, the Metropolis :
ofthe Empireof Fez, i‘ 330 S.byW.
Cape-Coaft Caftle inthe
Middle of the Bri-
tifr Factories in Gui- 3290  S.by W.
ey, ~— =—-——

Cape of Good-Hope, the
E 6160

moft South Point of 8. by E.
Africa, =

Middle of the Ifle M-
dﬂgﬂﬁﬂf, ;S‘SIG . B

Sanita Helena, e 4830 ' near S, by W,

iIv. AME-
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IV. AMERICA.

Neareff  Bearing, or Point
Difl. Eng.  of Compafs, from
Miles. London.

Barbados, one of the
. Caribbee 1flands, } 4270 ' near W. by S.

New-England, ——— 3360 W.N.W.

Penfilvania, ——— 3710 near W.byN.

Maryland ~ - 3780 nearW.N.W,
Virginia, —— - 3920 W.N.W.
Carolina, —— 4200 near W.N.W.
Famaica~——- 4900 near W,
Newfoundiand, 21c0 W.N.W.
North End of Baffin’s
Bay, the moft North %273@ N. by W.
Part of America,
C“PS‘; gﬂ:ﬂﬁy g;f,t}m:f $88g0 5. W.by W.

Thefe are the neareft Diftances; but they
| would be much more, if we compute the Di-
ftance a Ship runs upon feveral Courfes to come

Haz at
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at a Port. As for Equfmpﬁe, to Bengal in Eafi-
Tudia : o Sk VI

From Laﬂdarz, Eaf’c about 6o, with W. Wind.

*“Thence Southward, 2o, with N. Wind.
Thetce We{’cward 7 59, wu:h E Wmd

210 ‘|| -

'Thence near South, :
to make the Cape} 63::0, “Gath N, Wnd
-of Ga&d—Hape —J ’

e - P ' . _.*

S

S

. And thence ncar
SRRy Bmgaﬂ % 6930, w;thSWWmd;

Sum 14065 to Beﬂgczﬁ in Egﬁ

ads qud [ esonsdlill I131sn orly 918 -Ef{
~i{J 961 9luqinod oW 4 otom dﬁum » qI#
Mo ¢ oD letovsl o cqu enut gid2 & sansdd
I8 & il
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S E C T H’

A DESCRIP TTON' aﬂd Use
of M A P o

I.ﬂ SDVAR M A pas a chreﬁ:ntanm of the

"’ Earth and ' Sea, or of fome Part
7 *“ thereof in Planoy or as a Plane Su-
perficics.

o IL A Map of the World fhews, in two Cir-
cles, the Siruation’ or Pofition of ‘the four Quar-
ters of the World : ‘Thgt Circle towards the
Right Hdnd = containing  Europe, Afiz, and
Africa, with the Ifles thereto belonging ; and
that toward the Left hath ‘in it 4merica, with
the Hlands app‘crtaining thlibasy ol® 20 'BIT3

]fII SZ' be ﬂmm ﬁmﬁ (or entire) me’e is ‘the’
rand or ﬂrf’c Meridian, from which thr:: I.on-
gttudﬁ is teckoned Faftward, from 1 to 180
Hz Degrees,
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Degrees, in the Equator, as appears in the
Right-Hand Circle ; and from 181 to 360 in-
clufive, or to the grand Meridian again, which-
is evident in the Equator, and in the Left Hand

Circle.

IV. In this Map of the World the Circles of
the Globe are delineated. 'The Equator is .
drawn quite through the Middle of both the
{aid Circles, divided into Degrees as abovefaid,
and through every five of thofe Degrees there
paffeth curved Lines, or Meridians, which
mect in the Poles of the World. And by thefe
Degrees in the FEguator, the Lougitude of any
Place is reckoned, or its Situation with refpect
to Falt and Weft. ~ Which Meridiansare nums
ber’d in every 10 Degrees of the Equator to
360, as is obferv'd above.

But the Latitude of Places is computed by
the Degrees in the grand Meridian, reckon’d
from the Equator upward or downward, i.e.
Northward or Southward, and is diftinguifthed
by curved Lines, which run (or are fuppos’d)
parallel to the Equator through every five De-
grees of the grand Meridian ; which Parallels
are number’d 10, 20, 30, &¢. And the Dou-
ble Lines 23 < Degrees above the Equator, is the
'Tropicof Caicer, and {o much below isthe Tro-
pic of Capricern. And the curved Line, divided

into
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into Degrees, which paffes through both Circles,
and croffeth the Middle of the Equatar, touch-
ing the Tropics, doth reprefent the Ecliptic.

V. There are alfo Maps of Part of the

- World ; as the four Quarters, Europe, Afia,

Africa, and America. 'Thefe have the Degrees

of Latitude on the Eaft and Weft Sides, and

of Longitude on the North and South, all ex-
prefled by curved Lines.

VI. In fome Maps the Longitude is rec-
kon’d from London at the Bottom ; and from
Feneriff, or fome other of the Canary, Ma-
dera, Cape Verd, or Azora Iflands, at the
Top.

VII. In Maps of Part of the World, there
are {o much only of the Meridians and Parallels
expreffed, as fall within fuch Portion or Part.
And in the Maps of Kingdoms only, the faid
Meridians and Parallels are expreffed by ftreight
Lines.

VIIL. In all Maps the upper Part is the
North, the lower South, the Right-Hand De-
grees Eaft, and the Left Welt ; which are

- {fometimes thus marked :

H 4 North
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‘N‘ f*th - ﬁar .r, ar gu‘ p’rmwf’ :r‘.,
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South

r'fllr

Mewdmﬁam, or Aﬂﬁmﬁm

:.‘i:_ "..- ; "‘l'r [ -i i "" ¥ 5 ¥ '.:‘I'..?.' " 4‘-
o B Bl o T o
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nations of the feveral Parts of Land and
of Water, and different Situation of In-
habitanits: With rcfpd&: ‘to"Shadotws, and
Armaﬁj rf"érfaﬁ, ‘and ﬁm:paa‘é ”thi:y are’
fully accounted' for 'in rhe l’ﬁ"e of the ffér-
'Eﬁﬁrm‘ Gldbe, foregoing. - ST - ghTAR

r.
| B .
™ - Lt _1.'
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& 1N
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"
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.
Briftol, Part in Somer[et/birve, §1 3; 1:5 ;o
Canterbury, in Keut, 51 20 1§ 46
Carlifle, in Cumberlandy —— 54 50 15 56
Chefler, in Chefbire, 53 17 15 S
Chichefier, in Suffex, 50 §1 17 §1
Coventry, in Warwickfbive, — 52 27 17 14
Durbam, M. of that County, $4 47 17. 16
E%; ;Eg;?e CntEty of Cam-}sz e
Exetery in Devonflire, ~= 50 44 . 15 o2
Gloucefler, in that County, 31 56 16 26
Hereford, in that County, 52 of 15 44
Lincoln, in that County, 53 17 18 oo
Litchfield, ia Staffordfbire, — 52 44 17 oo
Norwichy M. of Norfolky=— 52 43 19 46
Oxford, M. of that County, 351 47 - 17 16

Peterborough,
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Noveh La-

firmde,

Peterborongh, in Northamp- % s2

tonfbire,

Rockefter, in Kent, 51
Salisbury, in Wiltfbire, 51
Wells, in Somer/et/bire, = 51

Winchefier, in Hampfbire, 51

Worcefter, in that County, 352

Cambridge Univerfity, 52

The four HWelfh Cities are,

St. Afaph, in Flintfbire, 53
Ba::gnr, in Caernarvonfhire, 353
- 8t. David’s, in Pembrokefbire, §2
Liandaff, in Glamorganfbire, 51

r

34

24

29
13
03
17
13

23
21

0Z

ia

107

Lonz. from
Tegnr.:riﬁ'.

o
18 16
19 15
16 §x
16 14._
1y 21.
16 21

i8 32

1§ 21

14 36
13 36

15 21

In
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= -
i R i

2" I FRANCE 3 a8,
1 ] % Lt 3
ot § -qwnd v/ a0
51 T T b NWI‘?? Lﬂ' I-Mg ﬁﬂﬂl
3z o1 P& =27 P o —yitude, . Teneriff.

o I

i85y thﬂMﬂEf olis of the} - vA ol e i

-Qa;ﬂe of Fmﬁﬂa?&?c e }43 45 e

3 13~ T o Jeveinaing,

Am;ens, M. Of P;mrdy, — 49 54 | 21 26
n1 Of et i e, (10 nlY

Rbaim.r, M. of Cgamfmgﬂe,—ﬂq.g 13 23 18

I8 T1 Tkl o ~adadantil
Rounen, M. 513 I%rﬂmm?y, — 4.9 z 20 02

T ‘\'

Ly L‘!J 18013 nul {.'La' 9 1

~R?e:m£5, M nf' iiwmgﬂﬁ, — 48 :::3 16 30

fJ !1)"11_] SRR R LT

Or!e&sﬁs, M. nf 5:*3'&@%;}; — A% 44 = 20 42
Dijon, M.of: Bargihdys——"43i 711" 24 o3

Lyonsy M. of Lyonoife,~—=—='g3" 2 4424 o8,

Bourdeaux, N, of Guieyney q:;} W) oi e
Gﬂﬂ-‘m(gﬂy, :1'3‘ fc;' TP 3‘&
> : gi 2 hirall

TLaﬂEaﬁfe‘ M nf Lﬂﬂg#edaﬂ, 43 29 19 48

W\ (1 SN .1

Greuuwf, M S D.;wpbme’——% $4 - . 2540
Aix, M. of Provence, —— 43 o4 24 40
Naucy, M. of Loraine,———48 40 25 403
Befanson, M. of French Compte, 47 o% 25 28

2, "k
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(109
3 In SPAIN‘ as,

wen g e
o] I S .l’

Madrid, the-Metropolis in SV
“New C‘mﬁx!&f@{ i §4° z; 1340

¢ 5 3n Wi u*:,. Wy
Compoftella, the M;; of Gﬂiscm, 43 nn 08 16
Owiedo, the M. of Auffuria,—43 23 11 0§
Bilboa, M. of “Bifcay, —— '54.3':'4.7 14 22
Pampeluna, M. pf Ncruczrrf,——, 42,52 16 o6
Saragaﬁ: M of Aragon, —— 41,35 . 17.09
Bgréﬁﬁnﬂcr, M of Cc:m:‘aﬂm,-— q.a 34. ' 2d 23
Valentia, M of bhe,limgdﬂm ok
of that Name, ?39 Wt oy
Mm’cm, M. of that Kmﬂdom, 38 04. : .16 34.
Burgos, M. ‘of Mc.s‘;ﬁde, *—4.2 25 | 13 .130
L¢ous, M. of, that Kingdom, 42 44 1/ 1148

Pilacentia, M. of Bftramaduta,39,48 17 1589
'Sﬂ’"’f{’: M. qfﬁﬂd“]ﬁ@mfl 138 BOM 3418

Cadiz, in Digtoy,, e ;861844 ~10:AR
Spite | Granadg

¥
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North La-
titnde,

Granada, Metropolis of that} 23
ngdum, 7

; .szarm, M. of ditto Ifle, 39 o4

Citadella, M.of Minorca
[Englip)  —— ’}4" i

4o I TALY 20 08

41 50

Chambery, M. of the Dutch}'}
of Saf::;y, - 1 o4

Rome, M. of Italy,

Turin, M. of the Principa-
hty “of Piedmont, }44' 34

Cafale, M. of Montferrat, — 44 40

F—

Genoa, M. of the State of } :

Gepoz, 3 53

Milan, M. of that Dutchy, 44 55

Parma, M. of that Dutchy,—44 24
Modena, M. of that Dutchy, 44 14
Mantua, M.of that Dutchy, 44 52

Long- from

"I'encntE

= !

13 55

20 3%

22 30

20 02
25 24

27 26

28 17

29 oo

29 13
30 40
3T 32

31 IO

Trieft
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North La- Long. from

ritude, Teneriff,
& J =1 7
- Triefly in Ifria, 45 44 34 55

Venice, Metropolis of that

Commonwealth, } e 33 °4

Florence, M. of the Dutchy
of Tﬂ}@any, ; 4339

Leghorn, in Ditto,

32 1o

43 52 31 00

Naples, M. of the Kingdom

of Naples, 43 3 36 15

Palermo, M. of Sicily, — 37 26 34 §oO
Cagliari, M. of Sardiniay— 38 10 30 24

5 In GERMANY; as,

Vienna (the Metropolis) in
Aufiria,

348 14 3705

Hanover, in Lower Saxony, 52 35 29 36
Berlin, M. of Brandenburgh, 52 33 23 52

Drefden, in Upper Saxony, — 51 06 33 350

Magde-
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6. IntheUn1iTteEp ProOvINCES.

North La- Long. from
titude. 'Igenuriﬂ‘.

" e iy i

Amfterdam M. of the Seven
United Pfﬂﬁ'ﬁj#.?ﬁjj — }5’2:?9 24.1:-0

Haguey in Holland, ~—— 52 '8 23 22

Haerienm, in Helland, ¥ aad2 3L |, 23 36

. 7 InSwebEN.
Stockbolm, the Metropolis, - 59 26 Lo00EY

Rl;g;';?: M. of Livinia, now
under the Czar, i ;56 54 45 34

Notteburg, M. of Ingria, — 59 52 '~ 34 od
Aboy, M. of Finlond w— 60 23 . 4333
Lunden, M of Schonen, ——-- 56 44 33 22

Revel, in Eafiland, now | ,
un,rfer the'Czar, i'—---- ;59 13 46. 32

Narwa, M. of Eaﬁ!qu;].now} 5
under the Czar, ——r (39 ©

50 25
WEFIT

Toritiay M. of Lapland m=—e 663 . 44 ao
Chrifiaufiat, in Gothland, — 56 35 34 16

I 8. In
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S. InDenmMarE

North La-  Lowg. from
titude. Teneriff.
| o

Copenbagen, the Metropolis - 56 13 32 30
Bergen, M. of Norway, — 61 oo 24 1§
Hamburg, M. of Holftein, — 53 §7 29 20

Slefwick, M. of South Fut-
land,

Wj}iﬁf}, M.-Ef' Narﬁ ?Hf—} 56 47 of e

§55 57 29 24

9. In Russta or Muscovy.

Msfcow, the Metropolis — 5§ 2§ 63 co
Archangel, M. of Dwina — 64 50 = 65 10

Nowvegrod, M. of "\wqgrad | |
Weliki, - %58 b 55 18
Apracan, M. of that King-3

ﬂdnm,’ B g .-__247 00, 172 30

Petersburg, at the upper End -
of the Gulf of Finland — §6° 39, cog I3

10. In
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10, In PoL A ND.

NortiEa.  Long- fram
:rr;:d& Tenerift,

- e O o 9 !

" ] B
+- 3

I "
| Cffﬁ;dtm NE_:EP_? is 0f§49 §6.\ 140 39

Wgrﬁw, M.'nfé“%ﬂ&wia,ﬂ 52 "i? 42 5
Dantzick, M. of Pruffia, — 54 1:; 40 42
Mittau, M. .:»f‘-iCm.rai'_!_.:;e:r;:cﬂh _-.-" ;?' qa"fj : 44 00
Zﬁzﬂa, M. ﬂf Lr’:.&aaﬂia, $4 31 47 _.,14‘.
Lemburg, M. of Rﬂﬁigﬂﬂém, 49 36 45 oo
Kaminieck, M. of Pﬁda!m, - 4‘3 50 © 47 4.6
Brepte, M. of Polefiz, —— 51 55‘,_;, 48 8

11. In Turxkevy in Euxrope; as,

Conflantinople, the Metropolis, 43 oo §4 20

Hungary, now under the 41 44

Buda, the M. of Lower-y ;
}42 17
Empemr, o4

Bﬁ!gradf M of Serwia now
under the Emperor, — <45 2° 42 34

1.3 Temif-
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$1 Naﬂ.& La- Long, from

. P titude. Teneriff.
Temifwar, M. of that Go-

: 1fﬁrnméntj und. Emp. }4'6 6 4334
Adrianople, in Romania, = 43" 18 ST 00
Zaza, M. nf Da!m:ztm, 44 34 37 20
Pﬂﬁ&"g.-:r, M. nf Sciwmzm, T4 46 39 42
Hermanfiad, M. of ﬁan |

i Jfbmmr,?undér the Emp. }46‘46 45 48
Sulonica nr'@'b’éfﬂ!mﬁm Mg to B nuled
.*Oﬂffﬁfﬂw{;ﬂm‘?: NG j | gqjlz 4 4"?- IDCJ
Mififthra, M. of the Moreay 35 25 = 47.32

lfoph, M. of Crim Tartary :
ﬂby fome'in Afz, — gl do 61 :Go

“IF, ¢ A S I .zﬁf

erufalemn, the Metmpohsnf s
?meeﬁm;' T E . %4 .‘?9;"“‘7’
Damafecus, M. of Syrm, e 33 - gie '6;0:}

: pad Yo T Pt
It : : B .

-
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e Novth La- Lonz, from
ﬁ o 1itude. Tenerft
: : ] / o /
le i ia e 1 2
*’f PPﬂi n S.?’ o 5 TR !; IR

ﬁ:ps!:, in Sj’i‘ﬂl’, ‘"““"- 3j~ Py 03 iR

- Gaza, in Pai@‘hﬂe near ;he
- ﬁd&dﬂfﬂ'ﬂﬁfﬂ% » 3Rt 3 oo '6-5 @“
et o BN
Smyrna, in Nﬂm}m or Le er
-fdﬁﬂ = o ﬂ. }’ﬂtiﬂldn ’55“4&
? d I'L‘i o 118 L;rﬂrﬁ_

pr&ﬁ;s, in Lﬂﬂér sz;:z, -- gg, 2 I_gs _5

Burfa, in D° near the Pra-
Pmu_; 2 n'_n.'l—*%"—i' éf ﬂ“&g‘ﬂ '~H§ ﬁﬁm
——— FOJ 1ok TR
Babylon, M. of A4 yrm, — 35 oo gg 00
ol o ’ RR (Vs %

Ea{faﬂr, in .zfmé"}laz .Dxffeﬁﬂ, 31 00 fﬁﬁjoa

quggq?aa' in Qy‘prﬂ;, w 194980 (o 3;‘8%&
- ,:.,i-ﬂ..._. H LY 11

Medina, in Améua Dqﬁrrm 26 oo "o 10

ritons 1o M shusdk

.?lfecm, in Arabia ,kax,- ~m23 60 < 6T loo
Ipahan, M. of Perfiay —+ 32,26, 86,49
Teflisy the M. of Georgia, — 43 83 oo

&IE#&IHE&M about the Mid-
dle of ff:ﬂary, } JEW . 1a7 38

I3 Pekin,
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North La-
titude.

9 5 3

'1.2.11

Pékin, the M. of China, — 4o 0o

Meato, the M. of ?apan R 5 cua '

Agra, the M.of’ the Mﬂgﬂi s
Empire,

Bombuay, on: the Mgn;ba;
Coaﬂ: Eﬂﬂ Irﬁd?#, — o
A\ A

%zg ga--

19 00

Firt St. Georgge nn;the 112'::n>~r.u-§13 zol f_%--n;

mandel Coaﬁ Iﬂdm,

Farr St. David’ 5, on Dlttﬂ}
1z 30
gdopalty oI STeLd s 3 ¥

Mindanao, ove of the Phi=3 )
Jsppzﬂs fﬂands, " }7 r':":’

.Mmmfa M of another nf

~Dry viz. of Luconiay, = §“1* 30

Bewsouli, in the Mland Suimdrras 250

o i

Long. from
Tfueriﬁ' :

G _n\‘

fz7 00
149 no

39“3@*

Sﬁ;uu

93%.%9

13§ 30

-133 @0

112 60

NI AFRE
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MY FRIC A

Nath La- Lowg. from
situde, Tenerifl.

i = /

Madagafcar Hle, the Middle, 21 00 S. 59 oo

Cape of Good Hope, -—— 34 308. 30 oo

ta H in the Atlanti | e
€ape Coaft Caftle, the Middle \

of the Eﬂgfijg Faltories, } T00 13 00
Tetuan,the M. of the Empiregﬂ'zu -

of Fez,

Qunis, on the Coaft of Bar-
bary, e

§3210 345

Grand Cairvo(or Memphis) M.
of Egypt,  —— } 36 4 38 48

358 20

Alexandria, by the Nyle, on{ _
the Mediterranean” —— 31 25

14 Centa,
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North La- Long. fram
ticude. Teneriff.

- Ty
o # 0 4

-

Ceuta, upon the Streights
uf bsérmlmr, }35 so o8 10

1W. AMERIC A

1. If.? NDRTH AMERICA.

uebec, the Metropolis of 2 Akl e
Q’Cmadaor New France, 47 12 30430
Boffon, M. of New En-

gland, } 400 1349100

Eiizabeth 'Tawn, M. of
:}‘Ei’ﬁ}’, '

New Tork, M. of New h
Tork, X %= §4.z 30 306 00

;.4.2 oo~ :306 30

iadelpbia, M. of Penfil-
Pbﬁiﬁﬁ id, of Penfi }41 sb dak de

Oxfard Mctmpﬂhs of Mary- 38 30

land, 305 39.

T ares
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Northk La-
titude,

o !

St. Salvador, the M. of } 18 30.5.

 Brazil,

Villa Rica, M. of Pam_r—} oz sl

guay,

St. Fago, the M. of Chili, — 34 oo S.

- Carthagena, near the Ifb-

} 10 0O
mus of Darien,

Porto Bello, i Terra Firma,—10. 00

3i « I'SLANDE

Newfoundland, Port St

?ﬂbﬂ,«f:’ } 4'7 30

Bermudas, or the Suminer

}ﬂdﬂd.f St. George, — } 33 15

Havana, M. of Ciba, -~ 23 oo

Port Royal, M. of Famaica, 18 29

St. Domingo, the M.of Hif-T _
pﬂﬂiakg 3 } v 15.

A Mathematical MANU AL,

Long. from
T

o=
338 oo
318 @0
300 50
300 00

292 00

323 00

311 00

292 00

298 30

303 oo

Ray~
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North La. L.,pngi )ﬁ"ﬂ‘iﬂ
Fitude. Teneridh
o. r - A .f

Barbados, the Middle, M.
of the Carré&eer e 13 4'5 31.3 40

Antigua, alfo one of the |
Eﬁgﬁzﬁ (Er:bbﬁes, | } 3 4° | 315; 4%

And Note, That

Baffi's Bay, the N. End, as
and moft I\Iurtherly qﬂ 00
Part of America, is

318 o0

Southerly Part of 4-

?Hfﬂ'fﬂ, 5=

Cape Horn, the moft
58 0o S. 294 oo

Cape Caglia, in ,the

redyt El‘ﬂO{tS(ﬂIthBﬂY% 36 4:: 39 30
Part of £uf'gpf; is

North Capes the moft ) =
1 5o

Northerly Part of £u- 42 00
L o

Cape Comorin, in Eaft
India, the moft Sou- 56 6% o

th:rly Part of Afia’s
Continent, is ~———

Holy
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North La- Long. from

titude. Teneriff.
o ! L Je
Holy Cape, in Zartary, -
‘the  moft Northerly % 73 30 I45 oo
Part of Afia, is
Streight of Gibraltar,
the moft North Part % 38 T6 11 00

of Africay is ————

Cape of G.;ad-Hape, the
moft Southerly Part of ¢ 34 30 8. 30 30
- Africa, is- ' ol Homi . b

1 x4y
$= 5 N i

Tlke
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Tbe USE of the laft Tables qf

Lartrupetc.

N firaight-liw'd Maps, as thofe. of Enug-

land, the Latitude and Longitude being
found, asin the Beginning of the Zuble for the
Cltlcs, the Latitude of Places of leffer Note
may be found, if they lie near or under the
fame Meridian mth thofe Cities. 'T'hus the La-~
titude of . - Chefter being §3° 17 the Latitude
of Wigan is found by adding its Diftance in
Miles from Clefter, = 22. which makes #igan
in the Latitude of §3° 39': And Preffon be-
ing 12 Miles farther, that being added to
53- 39, gives 53.51, its Latitude; 'for every
Mile, adding a Minute: which is near enﬂugﬁ
the Truth, and will make 1 nu fenfible ]ernr n
Dialling, E:?.-;* '

2. In thefe Kind of Maps (the Latitude and
Longitude being giveh as'by the Z7ble) the
thue Situation of any Place ‘may be found.
For, lay a Ruler to the Degrees of Latitude
o ek Eaft and Weft Side of'the Map ; and
then aboiit the Place of the Longitude draw a
Line with 3 "Black-lead Pericil” two of three
Inches then lay your Raler to the Desrecs of

ILongitude

1
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~ Longitude at the Top and Bottom of your
Map ; and where it croffeth the aforefaid fhort
Line, there is the Place where the ‘Town or
City given, is or fhould be placed in the Map.

3. Orto find the Latitude of any Place in thefe
Kind of Maps, fet one Foot of a Pair of Com-
paﬂ'&s in the (o) which is the true Place of the
"Town, and extend the other to the next Pa-
rallel below ; then apply that Diftance to the
Eaft or ‘We{’c Sides of the Map, and you have
the Degrees and Minutes to be added to the
Number the faid Parallel is marked with, to
give the Latitude.

4 And for the Longitude, take the neareft
Diftance from the (o) Town or City to the
next Meridian Weftward, and apply that to
Top or Bottom of the Map, and that will fhew
what is to be added to the Figure with which the
{aid Meridian is marked, to give the Longitude.

5. But where the Longitude is reckoned
from two Places (the one marked by Degrees
at the Top, the other at the Bottom, as is ob-
{exted under the 6th.Article, near the Begin-
ning of this SetZion) you muft apply the faid
Diftance between your Compafles to the Top
or Bottom, accordipg to the Place you are

minded
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minded to know the Longitude from. And for
thofe Maps whofe Meridians and Parallels are
curved Lines, the Method is the fame, making
Allowance for the Curvature : But mind to
take the Diftance of Places, and meafure them
from the next Meridian Eaftward or Weftward,
according to their Situation at the Bottom of
the Map, if the firft Meridian is that of Lou-
~don: For there is o for the Meridian of
- London, and the other Meridians are number’d
' 1,2,3, 8. Eaftward and Weftward ; Lines
being drawn through every five Degrees.

Thus, for Example, 1 would know the La-
 titude of Cape St. Vincent, and its Longitude

| from Londor : I find the Latitude (by a Map
. of Europe, as Mr. Moli’s) to be 36 Degrees,
| so Min. and the Longitude Weft is 10 De-
' grees from London (as by the Bottom of the
' Map) or the Longitude is 9 Degrees Eaftward

 from Ferro, one of the Canary Mlands.

6. Having thus far fhewed the Defcription
of the feveral forts of Maps, and alfo to find
the Latitude and Longitude by them, I pro=«
ceed to thew how

7o
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To find the Diftance between Places by right-
o find MAPS

Rule. “T'ﬁla is very eafily done : For if you
take with a Pair of Compafles the Diftance be-
tween the 2 Places, and apply that to one Side
of your Map, it will give the Number of De-
erees and Minutes ; which Degrees, multiplied
by 70, eshibit the Number of Miles. And it
there be any Minutes, they are {o many g
there ‘ore they muft be multiplied by 7, and 61-
vided by 6.

v. Now the Reafon why we multiply the
Degrees by 70, to give the Miles in any Num-
ber of Degrees, is, becanfe Mr. Norwood, by
acual Meafuring, found, that a Degree upon
the Surface of the Earth did contain 693
Englifh Statute Miles, of 1760 Yards each.
So a Degree in round Numbers, without any
mnﬁderable Error, may be called 70 Miles.

Note alfo, The Reafon why the Miﬁhtes,
‘when there are any, are to be multiplied by 7,
and divided by 6, is, becaufe there are 6o
Minutes in a Degree, equal to 70 Miles. There-

fore,
| As
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. | Of whichare  Or Englifh
Miles o Leagues of [e- in 1Degree _Milesin ¥ of
weral Countries. Eeak - theirs near.

"The Englifb Statute Mile % s

- of 1760 Yards, —— 5 3
'The Italian Mile, 6o 15
"The German Mile, 15 4 5%
'The Spanifty League, 221310 37E
"The Swedifb League, 15 453
The Hungarian League, —— 127 e
The Scotifb Mile, = s s 56711 55

8. But farther, as to the Difiance of Places
in Maps ; there are Scales of Englifly and other:
Country Miles and Leagues, by which ’tis very
eafy to find Diftances with Accuracy. Setting
one Foot of a Pair of Compafies in the one
Place, and extending the other Foot to the
other Place, and applying that Diftance to the
Scale, will give the Miles or Leagues refpec-
tively.

9. In Cafe where Degrees of Longitude are
lefs than the Degrees of Latitude, as they are
toward the Poles (efpecially in all Maps where
the Meridians have any Cupvature,) take the

2 Diftance
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| Diftance of the two Places between your Com-
| pafles, anfi apply it to the Right or Left Sides

of your Map, as near againft the Middle of
the Diftance between the two Places as you

| €an cftimate ; which giving the Degrees, mul-

tiply them by 70, and you have the Miles.

ExamMpre

In Mr, Mol’s Map of Europe, 1 find the

Diftance between Viewna and Mudrid to be

13° 15’ by the Degrees on the Side of the
Map, from 40 upward ; which is, by the Ruje
under the 6th Head laft above, 927 Miles,

And farther, as to Circular Lined Maps.

10. If two Places have the fame Longitude,
and are of the fame Side of the Equator, the
Difference of their Latitudes is their Diftance in
Degrees, &¢. as by the 6th Head. So from
Arles in Provence, to Utrecht in Holland, is
7° 28, or 522 Miles.

11. If two Places lie under the Equator, the
Degrees there contained between them, is their
Diftance, €. as by the 6th Head. So from
he Ifland St. Thomas in the Ethiopian Sea, Eaft-

ard to the Ifle Bafla de Ambra in the Indian
cean, (as may be feen by a Map of Africa)
K 2 is
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is 40° 20 or 2823 Miles; as by the 6th
Head. |

12. If two Places given have the fame Lon-
~ gitude, but the one is in South, the other in
North Latitude ; in this Cafe the Sum of the
Latitudes is the Diftance in Degrees, &¢. So
the Diftance from ¢ Helena in 15° 30 of
South Latitude to the Middle of the Streights
of Gibraltar in the Latitude of 35.58 North ;
here the Sum of the Latitudes is= §51.28;
which, by the 6th Rale laft above, is 3602
‘Miles for the neareft Diftance.

If Places differ both in Longitude and Lati-
tude, their Diftance may be found near enough
the Truth, by Rule the gth laft above. Or by
ProbN. of Sect. I11. “tis done eafily and accu-
rately. - |

§B.Co
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$ECT v

A Descrirrion ad Use
of 2t SEC TOR.

fefstdz9 H E Sector is a fmall Inftrument
T 62| about a Foot in Length, with a
22| Joint in the Middle, which gives
it two Parts, or Legs, each fix
Inches in Length ; and thf:lr Breadch is fix
"Tenths of an Inch, and Thicknefs about an
Eighth of an Inch,

IL. Its Ufe is to folve Queftions in "T'rigo-
nometry, and many others both Arithmetical
and Geometrical.

I11. The Lines on the Se&or are,

Ka 1. Chords,
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In the S CHEME.

1. § HE Lineof Chords,

is the Quarter of
the Circle marked (E)
~divided into 9o equal
Parts ; and withone Foot
of the Compafles in the
‘Center at go, they are
transfer’d to the fiveight
Line 9o,990,and number’d
10, 20, &c. to go.

2. The Line of Tangents,
1s the perpendicular Line,
numbered from the Dia-
meter upwards (next the
Right Hand) from 10 to
no, made by laying a
Rule from the Center to
the Degrees for the
Chords in the Arch.

3. The Line of Secants,
is parallel to the Line of
Tangents,extending from
the perpendicular Diame-

ter,

On the SEcTOR.

HE Line of

Chords  is
marked C, and there
are two extending
from the Center to
the {quare End,
numbered 10, 20,
&9¢. to 6o.

There are 4 Lines,
marked 7 and Zunm.
2 on one Leg and 2
on the other, the
Lines T extend from
the Center to the
fquare End,number-
ed 1 to 45, and the
2 Zan. Lines are
from 45 to w3, €.

The Secants are
2 fhort Lines under

the Lines of Chords,
marked Sec. 1. on

each



- A Mathematicall MANUAL. 137

ter, and numbered up-
ward, 1o to 7o, and is
made, by fetting one Foot
in the Center of the Cir-

cle, and with the other, .
transferring the Divifions -

each Leg, on my
Sedtor.

on the Tangen’t Tine tP8>4 1

theLine of Secants.
4. The 'Line ‘of Half
Tangents, is upon the
Upper perpendicular Se-
mi-Diameter, numbered
upwards 1o, 20, &c. to
9o ; and is made by lay-
ing a Ruler to the Angle
6o toward the Left Hand,

and to the Degrees in
the Chords from whence
the Arch are made,

5. The Line of Sines is
the Right Hand Semi-
Diametetr, numbered 10,
20, 8. to go, from the
Center, and is made by
drawing  perpendicular
and parallel Lines, from
the Degreesinthe Arch of

the

But on the Sector,’
there ié_ no Line of
Half Tangents, but
the Scheme fhews
how they are gene-
rated.

'There are 2 Lincs
of Sines, each pro-
ceeding from the
Center ; one on the
Upper, the other on
the lower Leg,
numbered from 1
to go each.

'This
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the uppermoft right Hand
Quadrant to the Semi-

Diameter (C go).

6. The Line of Leagues,
is the Semi-Diameter next
the left Hand, numbered
Io, 20, &¢. to 6o, from
C the Center ; and this is
alfoa Line of équal Parts,
made by dividing it, 1ft
into 2, and thofe Parts
cach into 3 ; and each of
thofe are fuppofed to be
divided into ro.

7. The Line of Longi-
tudes, is on the upper
Chord Line next the
Lefc Hand, and is
numbered downward, 10,
20, &¢. to 60; and is
made by drawing Lines
from the equal Parts,
parallel to the upperSemi-
Diameter, till they cut
the Arch (6o, 5, 90,)
and then {etting one Foot
of the Compafles in 6o,

you

This Line upon
the Sector, is com-
monly called the
Line of Lines :
There are on each
Leg one marked L,
and is numbered
from the Center, 1,
2, €. to 10 ; but
is really from 1 to
200.

This Line is not
on the Se@or ; but
you have the two
Lines of Polygons ,
next the parting of
the two Legs when
the Sector is fhut ,
number’d from 4
toward the Left

Hand, to 12.

This
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you transfer the Divifions
in the Arch to the. Chord
Line.

8. The Line of Hours,
is made by dividing the
Arch (60, M N) into 6
equal Parts: and with one
Foot'of the Cumpafﬁ*s in
6o, transfer them to the

Chnrd Line (60, 12,)

9. The Liue of Rhombs,
is the Arch (N, R, 90)
divided into 8 equal
Parts, and with the Com-
pafs’s Foot on go, they
are  transfer'd to the
Chord Line EN 9o)

s §

This Line of
Hours is the upper-
moft (on my Sector
next the joint .Emi):

‘and .is number’d 1

to 6; and under'
that is a Line of
Chords of a {mall
Radius, ©

There are alfo 2

Lines on the S and

T Side, at the Bot-

tom next the Joint ;

one is of Latitudes,

and the other of thv:

Inclination of - Me-
ridian,on my Sector.

7 e
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The Use of the SECTOR:

~ THLS Inftrumentis commonly ufed partly
opened, according as the Cafe requireth, - And
whereas the Compafles are fometimes extended
on one and the fame Line from the Center End
towards the Square End ; Sccondly, And fome-
times athwart, from Dmfions on one Leg to
thoﬁ: on the m:her 5 1 fhall call

"I' he Firft, 7 ;E:e'_llflzeazl (Extent of the Com-
paffesy or) Diftance.

'The Sccond, 7 he Dmmmﬁ Diftance (or Ex-
tent) for Sbﬂﬂﬂfﬁ

PR OcH

Divide a Circle into 4, §, 6, 8. to 12 equal
 Parts 5 or to muake any regular Polygon.

R v L Ei

TAKE the Radius, or Semidiameter, of
the Circle between your Cﬂmpaﬂ’es, and apply
it on the Lines of Polygons, by a diagonal
Extent from 6 on one Leg to 6 on the nther
‘Then keeping the Legs at that Diftance,

The
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The ﬁiagn- will divide
{5057

nal Extent the Circle E $ equal Parts.
from — ¢ into

6 to6 : 6

7 t0Y T

8to8 8 &c.

And {o by drawing Lines, you have the Pen-
tagon, Hexagon, Heptagon, Octagon, &c.

PR'OB I

o make a regular Polygon whofe Side fhall be
any right Line given.

R vy e

SUPPOSE you would make an O&a-
gon : Take the Line given between your Gom-
pafles, and opening the Seétor, apply that Di-
ftance, on the Line of Polygons, diagonally from
8 onone Leg, to 8 on the other ; then, keep-
ing the Legs and that Diftance, take the diago-
nal Extent from 6 to 6 in the Line of Polygons,
and with that Radius defcribing a Circle, the
faid diagonal Diftanee between 8 and 8 will di-
vide the Circle into 8 equal Parts ; fo that draw-

mng
2
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ing Lines, you have the Octagon required.
And the like of any other Polygon.

A TN 0}

o [et the Settor fo, that the tmo Lines of equal
Parts may make a right Angle at the Center.

R & B

IN a right-angled Triangle, if the Perpen-
dicular be 3, the Bafe 4, the Hypothenufe will
be 5 ; therefore upon the Line of Lines take
from the Center the lineal Diftance to § ; then
open the Sector {o, that that Diftance will extend
from 3 on one of the Line of Lines, to 4 on
the other ; and then your two Lines of Lines
make a right Angle. But fee after the next
Problem.

.PROB. IV.

To ' find a third Proportional to two gziw?; Lines;
% as fuppofe 4o and bo.

R g

TAKE the lineal Diftance of 6o, and fet
on the diagonal Diftance of 40 ; then the dia-
gonal Diftance of 6o will give the lineal Di-
ftance of go.

And
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And in like manner,

In 15 and 30, the 3d Proportional is found = 6o.

20 and 30, - ———— = A
And 16 on.

But #note as to Prob. III. the fame may be
done thus : Take 6o of the Line of Chords,
and make that a lineal Diftance of the Line of
Lines, it will be 34.5 ; then take go out of the
Line of Chords, and fet it a diagonal Diftance
on the Line of Lines from 34.5, to 34.5, and
the two Lines of Lines will make a right Angle.

YR OB &

Zwo Lines given to find a geometrical mean Pro-
portional between themn,

R U 1°E

THIS is not done by the Seftor, without
much T'rouble ; and therefore the Arithmetical
Rule of multiplying the Numbers together, and
eontracting the Square Root for the Anfwer, is
much preferable.

So the Mean between zo and 8o is = 40 ;
between 15 and 6o is = 303
And {0 on.

P R O B
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PR_OB.. VL

To find a fourth Line in Proportion Geometvical
to three given.

R uL &

THE Lines given being 20: 40 :: 30:6e :
Take the lineal Diftance of 40, and fet it a
diagonal Diftance between 20 and 2o ; then
take the diagonal Diftance (upon the laft An gle)
from 30 to 30, and it will give you a lineal
D1ftance nf 60, all on the Line of Lines.

Or this may be done, as under the firft Ru/e,
by the Sector, in the fifth Csfe of oblique-
angled Tnangles following.

II. Quesrrons 7z Trigonometry,
done by the SEC'T O R.

[ Note, That the Angle a cb is the Augle c,
abc the Angle by and bac is the An-
at-a.} -

ThoA e B

'The Angles zb¢ and bac, and the Bafc ac
given, to ﬁnd the Perpendlcular be.

As, cba : ac :: bhac : ¥g |
Rure
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464

Ruvre by the SECTOR.

The lineal Diftance of 50 upon the Line of
Sines :

Being fet to a diagonal Diftance on the Lines
of Lines of §5::

So the Lineal Diftance of 40 u;ﬁon the Line of
Sines: _ . |

Gives the diagonal Diftance of 46.15 on the
Line of Lines (the fame Angle of the Sector
continued.) -

I-..t C:ﬂ- s E
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Case Il

The Angles abc and bac given, and the
Side a¢, to find the Hypothénufe 4? ; as,

EE togE s el aah

R v LE by the Seftor.

The lineal Diftance of so upon the Line of
Sines :

Being fet to the diagonal Diftance of 55 on the
Line of Lines : :

So the lincal Diftance of 9o on the Line of
Sines :

Will Cupon the fame Angle) giv;e: the diagonal
Diftance of 71.8 upon the Lines of Lines.

Case HIL

‘The Angles zb¢ and bac; and the Hypo-
thenufe 2 4 given : To find the Bafe z¢: As,

ﬁf?:b s b :iabe :{@dean

R v LE by the Seffor.

The lineal Diftance of 9o wupon the Line
of Sines: |
Being
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Being fet to the diagonal Diftance of 71.8
on the Lines of Lines: @

S0 the lineal Diftance of 50 on-thﬂ Line of
Sines : -

Will give (upon the fame Angle) the diagonal
Diftance of 55 upon the Lines of Lines.
Case IV.

The Bafe ac, and the Perpendicular be

given, to find the Angle ba¢: As,

e dchT T Y s tang. b ac.

R v v e by the Seftor.

The lineal Diftance of §5 upon the Lire of
Lines:

Being fet to a diagonal Diftance of 9o upon
the Line of Sines: : |

So the lineal Diftance of 46.15 upon the Line
of Lines:

Will Cupon the fame Angle of the Seor)

give the diagonal Diftance of 46 on the
Tangents.

L 2 Casg
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Cace V.

"The Bafe ac and Perpendicular b ¢ given,
to find the Hypothenufe 20 ; |

it. as, ac :ach :: be¢ Tang. bac
adly. as,bac : be :: ach : ab=theAnf

R viE by the Seffor.

"This is done by two Operations ; 1ft, as in the
ath Cafe to find the Angle 4 2 ¢ : 'Then, fecond-
ly, lineal Diftance of 40 on the Sines, fet toa |
diagonal Diftance of 46.15, on the Line of
Sines :: The lineal Diftance of go on the
Lines, will (the Setor continued in the fame
Angle) give the diagonal Diftance of 71.8.
= the Anfwer.

CAsE ‘irI

The Hypothenufe 2/, and Bafe a¢ given,
to find the Angle abc; as,

dbivigeh s gt abit

R v v e by the Seftor.

As the lineal Diftance of %1.8 upon the Line of |
Lines: |

L
Is |
|
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Is to the diagonal Diftance of go upon the Line
of Sines::

So is the lineal Diftance of 55 upon the Line
of Lines:

To the diagonal Diftance of §o0 on the Line
of Sines, = the Anfwer,

Case VIL

The Hypothenufe 24, and Bafe a¢ given, to
find the Perpendicular b¢;

ift. As,ab : ach :: ac't abe,
As Cafe 6, and the Complement of acb, is
~bac = g0.

2dly. As, abc tac :: bac: be.

R uLE by the Seitor.

Here being two Operations, the firft is per-
formed as under Cafe the Sixth: And for the
fecond Operation ;

As the lineal Diftance of 5o upon the Line of
Sines :

Is to the diagonal Diftance of 55 upon the
. Line of Lines

L 3 S0
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So is the lineal Diftance of 40 on the Line of
Sines : -

To the diagonal Diftance of 46.15 on the Line
of Lines. = the Anfwer.

Here follow five Cafes of ﬂf’-‘ﬁé’#ﬁ'—ﬁiﬁgiﬁ‘d plain
Triangles.

Cuse:

The Angles o/g and 0 g7, and S1dc o/ given;
To find thc—: Sideog; as, .

agf: e i ﬂﬁg:ag.

R vy e bythe Seftor.

As the lineai Diftance 38.30 on the Line of

Sines ;

b ' Is







152 A Mathematical MANUATL.

C ASE III-

The Sides /o and /g, and the Angle 0 /g given,
to find the Angleoor g; As, Jo+1Ig:lg—

ko & mn_g_ {ﬂgf.zgﬁ tang. fﬂg{'p’ga :

"That is, as the Sum of the two Sides /o more / g

Is to the Difference of the two Sides /g lefs
o 1t

So is the Tangent of half the Sum of the op-
pofite Angles Jogand Jgo:

To the Tangent of half their Difference 7o g
lefs Igo:

And the half Sum and half Difference added,
.. givethe Angle Jog:

But the half Sum lefs, the half Difference
gives the Angle /go.

R uviLE by the Settor.

I fhall leave to the Reader to find out, after
- {fo many Examples of the manner of Opera-
tion: And fhall only tell the Stranger to Trigo-
nometry, that he may work any of the Cafes
above, by the Tables of Sines, Tangents and
Logarithms, taking the Sines of the Angles,
and the Logarithms of the Sides, adding the

{econd
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fecond and third together, and fubtracting the
firft,

Case IV.

'The Sides /g and go, and the Angle at_g
given, to find the Angle Jog; as,

go g :: Ig v log

Its Complement to 180°.

R uvre by the Seitor.

As the lineal Diftance of 4.886, or 4.9, on the
Line of Lines :

Is to the diagonal Diftance of 26 on the
Line of Sines ::

So is the lineal Diftance of 10.06, or 10, on
the Line of Lines :

‘Tn the diagonal Diftance of 64° 30! on the
Line of Sines. = the Anfwer.

But in thefe Cafes, obferve, That the Angle
now found (/¢ g ) being very plainly an obtufe
Angle,orabove go Degrees ; therefore the 64 30
muit be only the Complement to 180 Degrees :
So that 180 lefs 64.30, refts 115° 307 the true
Quantity of the Angle /0 g fought. And Note,

when
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when the obtafe Angle is given, you muft work
with its Complement.

Okse i

‘The three Sides of an oblique-angled plain
T'riangle given, to find an Angle.

As the Side /g is to rhe Sum of the Sides o/
" and o g = 1182

So is the Difference of thofe two Sides = 2.0 5 3;
to the Line /¢ = 2.413.

This may be done either by natural Num-
bers, or Logarithms, or by the Sefor, thus :

As the lineal. Dlﬁance of 10 on, the Line of
ey Bl '

Is to the diagonal Diftance c:af' 11.8 on that
- Line of Lines : ! '

So is the lineal Diftance of the D1ff't’:rencf: =
2.053 on the Lines :

T'o the diagonal Diftance of 2.413 on the fame
Line of Lines

Secondly, Thieh the Side /g = 10.06, lefs
2.413 1s == 7.647 == the Line gc ; 'ﬂthh di-

vided by 2, gives the Side of the right-angled
‘Triangle g s == 3.823,

"Lhirdly,
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Thirdly, .

As the lineal Diftance of the Side of the T'rian~
gle 0 ¢ = 4.886 on the Line of Lines :

Is to the right Aﬁ;gle os g on the Line of Sines
(taken diagonally) ::

So is the lineal Diftance of s g = 3.823 on the
Line of Lines :

To the Angle (or diagonal Diftance) sog =
51° 30’ on the Line of Sines.

Fourthly, go lefs §1.30 gives the Angle 0gs
= 38° 30, the Anfwer.

And thys, though 1 have not profeffedly
treated on 'T'rigonometry ; yet the Rules above
fhew how to folve any of the Cafes in right-
lined plain Triangles, and efpecially by the
Sector, I fhall fhew next how to folve a Cafe
in fpherical Triangles, and conclude the Ufe of
this little portable Inftrument.

Note, 'That in right-lined Triangles the three
Angles arc equal to two Right, or ¥80
‘Degrees ; but in {pherical, the three An-
gles are more than 180 Degrees.

The

|
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The Angles st = go® oo, and 7 st = 23°
30’y and Hypothenufe 60° ; to find # 2.

A5G 4T SVEEy & ONapgly aulyf,

RuvrE by the Seitor.,

:I'akc the lineal Diftance of 9o upon the Line
of Sines :

$et that a diagonal Diftance from 6o to 6o on
the Lines of Sincs :

Then the lineal Diftance of 23.30 on that Line

of Sines, will give you the diagonal Diftance
20.12 = 7t on the Sines.

ke But
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But it is not pretended that all the 28 Cafeg
of ipheric Triangles can be done the beft way
by this Inftrument, of which I have fhewed
the Ufe, &¢c. much more than I have feen
done before, and in a more natural Method:

SECT.
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Lhe Makiné, Defcription, and Ule
of the Line of Numbers, or Loga-

tithms, commonly called Guater’s-
Line.

L. For the great Divifions on the firft Line.

E."-\-.'- & i 2 & &
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1. For the [ialler Divyfﬁm' on the.

frft Line.

iy S 1 ohooBo o
o & = : R
iy ok =0 Sank
P ek e
k___"*-' ...h-‘ihh L "‘E-n_""é.“m
o M OB "E._% & R oaR
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d46. i 1.4 s ot S T
176 —— 1§ —— 15
204  — 1.6 s e
R0 | e——— ¥4 —— L
255 —— 1.8 — 1.8
S s 1.9 e 5 G R

And fo proceed with the Logarithms of
2.1, 2.2, 2.3y ¢ and 3.1, 32,°3.3, & to
9.9. And when you have thus finithed the firft
Line, you may fet the fame upon the fecond
Line, which beginning where the firft endeth
(the 10 at the Top of the firft and the Bot-
tom of the fecond being coincident) is conti-

nued
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nued in one right Line with the firft, and num-
ber’d, as you fee, from 10 to 100.

Such as know little of Logarithms, may note,

That the Log. of 1.1 is the fame with that
of 11, 1.2 with that of 12, &, omitting In-
dexes,

oy
4

Thus havfn fully thewed how a Line of
Numbers or Lnganthms arc made to any Ra-
dius whatever (for. that, as you fee, depends

on the Length of the equal Parts) 1 !hali give
this farther'® °* °

iI...ﬁé/&Hﬁiéﬂ of the Line of Nﬂﬁaégﬁ.: .~

It isa Lmﬁ divided into twice 9o unequal
Parts. 'The firft go is from 1 to 10, and the
fecond Part is number’d from 10 to 100, And
if you reckon the firft Part 10, 20, €. to 100,
then you muft fuppofe the fecond Part from
10 to0 100, to be 100 to 1000, & As will
appear fanher in T

M 1. T
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e bag it ody ds o, 1t}

1L Zhe Ufe of i)’ﬂ%jﬁfﬁeffﬂ*yﬁﬂéﬁff&'ﬁﬁﬁ?i‘, &e.

COUESEroN T
b is el Produtt of 9 bimes 82"

Extend the Compaffes from 1 to 8, and the
fame will reach fmm 9 to ';z in the fecond
Pért |

-im:-

Q_U E ET H.‘i- )i
Wbd# is Ibﬁ Praa’ﬂa‘} of 20 c’ﬁy 4.q,. _, |

Here if you fuppofe the Beginning of the
Line 10, then 2 is 20 ; to which ‘extend the
Cnmpaifes and the f'ame Extent will reach from
45 to 860, Ot it may be done more pleﬁn!y on
the f'emnst Peﬂ"c of the Lines =

e L B e

What is the Conteilt of a Plank whofe Length is
4 %, and the Breadth 1 5 2

Extend the Compaffes from 1 to either D'-
menfion, and the fame will reach from the
other to 7.43.

oy e

QUEST.
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S QUEST. IV

How wmany (quare Feet is there in a Table
whofe Leugth ‘is 235 Fobty'and Breadth 2.5
Foot 2

Exténd the Cﬂmpaﬁ’es from 1 'to 2. 5, and
‘the fime Extent w:il reath from 23.5 to
584

QU E STV

What 'is the Produtt of 7s. 6d. multiplied
by 3 s.19d.¢

The Pence in both being put in Decimals of
a Shilling ; then the Queftion will be to multiply
n.5. by 3.75.  Therefore extend the Compaffes
from 1 to 3.75, and the fame Extent will reach
from 4.5 to 28.12§, or 28s. 1Ld. the trifke
Anfwer : As appears plain; for 35 by 7s. is
21s. and the Fractions multiplied, make the
Product 28.125, or 7s. 11d. more.

M 2 1V. The
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. Zhe Ufé of the Line of > Numbers in
‘ Dzﬂ ﬁ&??.

* dibw QU EST. I
What is the Quotient of 12 divided by 9 ?
Extend the Compafles from 1 to g, and th®

{ame Exrent will reach backward from 72 to 8,
the Anfwer. And thisis the Rule for all.

QWr sy Ji
What.is the Quotient of 8oo divided by 40?

Extend the Compaffes from 1 to 4, or 10 to
40, and the fame L‘xtent will rf:ach from 8oo
backward to 20." 1 = the Anfwer

Wl |

QUEST L

f??ﬁ Content of 4 long faunare P!mzk or Board,
't is™.43 Foot, rbe Lfr:-:gib is 4 ¥ 3 What is the
" Breddth ¢

Extend the Cc;mpaffes from 1 to 4.23, and
the fame Extent will reach from 47.43 backward,
to 1.75. = the Anfwer.

QUEST,
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QUEST. 1v.

A Table contains 58.75 'Feﬁ,. and the Breadth
is 2.5 Feet 5 What muft be the Length of [uch
@ long [quare Table or Parallelogram ?

Extend the Compaffes from 1 to 2.5, and the
{ame will extend backward from 5875 to
23 5 = the Length, or Anﬁl.r@r ;

QUEST. Vi

é Sl |
TR

Tiere are two Sums, containing eash a certain
Nuinver of Shillings and Pence 5 which bein;

. multiplied together, produce, 28s. 1d.7. One.
of the Sums is 3. gd.: What is the other ?

-Extend the Compafles from 1 to 3.75, and
the fame Extent will reach. backward from
28.125 t0 7.5, or 7§ 6d. ‘The Anfwer.

Note, 'Thefefive Queftions above in Divifios,
prove thofe five in Multiplication : I fhall
now proceed to fome Queftions done by
Multiplication and Divifion ; or fhew,

¢ ' I AL 1]

.M.-ﬂ_- J ads 10 o1 HITAS
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V. The Uf of “the Line of Numbers, in the
diret Rule .-‘:"f Proportion.

QUEST. L

What is the 4th Proportional fo 13, ;,EJETEH it is
as. 2 beaxs proportionto 62

Extend the Co:ﬁi:,aﬂ_'g:s from 2 to 6 inthe
firft part of the Line, and the fame Extent will
reach from 13 to 39, the Anfwer, in the fecond
part of the Line..

OUWES T. 1k

Suppofe 120 is in proportion to [omc Number, as
205 to 8o, what'is that Nutinber 2

~ Extend the Compaflés from 30 to 8o on the

firft Line (calling 1, 10 ; 2, 20, &¢.) and the
{ame Extent will reach-on the fecond‘ Line
from 120 (calling 10, 100; and 2 of thc
{maller anjﬁﬂns 20) to 3zo very plainly.

QUEST. IIL

What is the Intereft of 165 Pounds for a ear,
at the yvate of § per Cent.?

Extend the Compaffes backward from roo
{calling 10 at the beginning of the fecond Line

{0)
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) to § on the firft Line, and the {fame Extent
will reach backward from 165 on the {econd
Line, to 8.25 on the firft Ling, which is 8 and
‘a  quarter, "or 81775 ="thetrue-and plain
Anfwer : LE 303
E}rl ’ias’“raa % g0 i: o165 825

ot |

-But becaaﬁ: the Toereltiis butyas mth Part of
505 -1 therefore take but -a -xoth of the4th
Proportional 82.5, whichis 8.25, or 8/. /s 5. 'as
is faid before. I mention this, that you may
fee the Lines agree -with the Defcription
above. | i

QUEST 1V

What is the Intersft for Half a Year, of
330l 105. at the rate of 6 per Cent.?

Extend the Compaffes backward, from the
‘beginning of the fecond Line (callmﬂ it_Jco
as before) to 3 (which is halt a Year's Intereft)
in the firft Line, and the {fame Extent reaches
from 330/ §s. on the ﬁ:cond I.ine, to 9915
on the firft Line ; for, '

05 00 TR ¢ e o o S 0 o
A 1oth of which laft is'gZ 185, 3 ;4.

M 4 QUEST.
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T i
! :

PRk NaLF o i oy

QU EgHvied b

If 5601b, of S#gar— m,:‘ft",r-: 5 Sbﬁfiﬂfg&; éﬂﬁﬁt did
the 112 1b. coft ¢ .

Extend the Compaffes from -§6o0 to 115 on

the fecond Line (calling 10, 100, €%.) and
the fame Extent will reach from 112 on the
fecond Line, to 23 on the firft Line; fo is 23 .

the Anfwer. ¢

V1. The Ufe of the Line, in the fingle Rﬂfe
of Proportion Reverfe.

QUEST. T

How much Stuff of 3 Quarters broad, will line
5 Yards of Cloth that is 7 Quarters broad ¢

Extend the Compaffes from 3 to 5, and the
iame Extent w:ll reach from 7 (all on the firft
Lmh) to 112 on the fecond Line.

QUEST. II,

How angny 2ards ¢f Black Gloth of 7 Quarters
wide, will bang a Room that is 46 Yards
round, aud ¢ Yards bigh.

Extend the Compafics from 7 Quarters in the
tirt Line to 46 Yardy on the fecond Line, and
the
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the fame Extent will reach from 16 Quarters
high, to 1055 (the firft on the firft Line,
calling 1, 10; and the mjfnn the fecond
’_Lme fuppoﬁng 10 to be 100) |

QUEST L

Suppofe when the Price of ‘o Bufbel of Wheat is

© 6's. '3d. ‘the Peuny Loaf fhall ﬁrﬂ:gb 9 Ouiices ;
what wmuf} fuch Loaf w&.ggif ﬂbfﬂ the Bufbel
- of Wheat is'4s. 2d.? :

Extend the Compafles from 4 5. 2d. (or 30d.)
to 9; and the fame Extent will reach from
6s. 34. Cornsd) to 155 Ounces, | ==the
Anfwer

QUEST. IV.

If a certain Quantity of Provifion will ferve 400
Men for 6 Monthsy bow many Men will the
fame Quantity ferve for 7 Months ?

Fxtend the Compaffes from 7 on the firft
Line td 40 (calling it 400) on the{econd Line;
and the fame Extent will reach from 6 on the
firft Line to 343 (fer?) on the fecond Line ;
which is the Anfwer,

QUEST.
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COVERT TV :
If I lend 200l. for 8 Months ;5 'how long mufp

150 ). be Jent me to rvetaliate my Favour, with-
out Lofs to either Party ¢

 Extend the Compafles from 150 on the
fecond Line (calling 10, 100, &c.) to 8
Months on the firft Line, and the fame Extent
will reach from 200 on the fecond Line, to
10% Months on that Line. = the Anfwer.

Vi The Ufe of the Line of Numbers in
extracting the Square Root, &c.

If the Sum be 100 or more, whofe Root
you would know, do it by the upper or {econd
Line ; but if lefs, do it by the firft Line.

And if you point over Unit’s Place, and {o
over every other, the Points will thew the
Places that e Root is to have.

O UES T 1

7 bat is the Square Root of 40000 ?

Fix your Compafles at 40000 (calling 10,
tcooo0) and take Half the Diftance between
rhat and 10, which will fall at 20 ; and becaufe

by
i



A Mathematical MANT AL, 151
by the Rule above, 40000 would have three
Points over ;, therefore this 20 muft be 200, or
have three. Places, and 0'is 209 the Square
Root; of 4pooo,, found wry plainly and
accurately. |

QUEST[H,_
What is the Square Root of 144 2

Take half the Diftance between 144 and 10,
which will fallat12, the Root. And if it were
required toufquare any Number, extend the
Compafles from 1, or 1o, &% to.that Number,
and on that Point turn the Compaffes, and the
other Point w:il fall on thﬂ Square required.
Thus,

=i K |
H

'-QuEST,mns
What is the Square Root of 200°3

‘Extend the Compaffes from 10, calling it
100, &¢. to 20 or 200, and giving the Com-
paflfes a Turn on that Foot, the other will ex-
tend to goo00.

QUEST. IV.

Having any two of the three Sides of a rigiit-
angled plain Triangle, to find.the third ¢ s
[uppofe the Hypothenufe be §o, the Bafe 40,
aud the Perpendicular is required ¢ 3

g
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i By the laft Rule, fquare 5o, which is 2500,
and from that take the Square of 40, which is
1600, and the Remainder is goo ; to which fet
one Foot of your Compaffes, and - half the
Diftanceto 10 is 30. ==the Anfwer, or Perpen-
dicular. = By 47, 1 Euclid.

QUEST N

Suppofe the .(:frm of an Ellipfis, or arber :rregﬂiar
- Figure be 55225 ; and I wouid know the Side
- of a Square, equal to the Ellipfis?

Set one Foot of the Compaﬁés (as hath been
taught) in the fecond Part of the Line, and
take half the Diftance thence and 10, which

Half will fall at 235 the Side of the Square
required.

VUL Zhe Ufe of the Line. of Numbers, in
- extralting the Cube-Reoot.

QUESYT. 4
W hat is the Cube-Root of 17282

Extend the Compafles on the facond Line,
calling 10, 1000, to a thitd of the Diftance
between 1728 and 10; then turn the Compaffes
. towards 1o from the 1w28 is one Third of the

Diftance ;
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Diftance; and again, the fecond Turn, or two
"Thirds, is the Cube-Root fought = 12,

- Note, If the Sum, who.-[‘& Cube-Rmr. you
know, be rooo 6r upward, do ‘your Operation

by the fecond of upper Line ; but: if lefs, by
the firft Line

-And if you point over Unit_’s Place of the
Sum given, to have its Root ‘extraéted, and
over every 'Third, the Points will fhew the
Places that the Root will confift of.

QUEST. 1L
W hat is ‘the Cube-Root. 8000 ?

By the Rule above of Pointing, it is plain
that the Root muft have two Places; therefore
fetting your Compafles at Sooo (calling that
10 at the beginning of the fecond Part of the
Line 1000, &%¢.) divide the Diftance from that
to 1o, into three equal Parts; the End of the
fecond Part next 1o from 8000 is 2o, the Cube-
Root required.

QUEST. 1.

For Proof of the laft Queftion 5 T ﬁry, Wbﬂt is
the Cﬂbe of 202

if
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s bru

If you i:m:?ﬁi the Gmmm from thHe be-
ginning of the fecond Part of the Line to 20,
giving the Compafles two-‘T'urns, the firft will
extend from 2o to 4oo, == the Square of 20}
and the fecond Turh will extend from 490 té
8000, = the Cube of 20, or 2o/ times 40053
and thus may the Cube-Root of any other
Number be proved to be tvue. Por, asinthe
Ift Examplés ‘bécaule the Root confifts of tiwe
Places, every Thirn of the Compaffes will i
creafe by 10, and the Figure it extends to': 86
that 20 is made 400, and 4005 8000, .

I'J-..r

QVE 87T« IV

If & Spheve be ‘56 1b. weight, whofe Didmoter is
=6 Inches 3 what is the Diameter on anothér
© Sphere of ‘the ﬁzmﬁ* Mnrrer; whofe 'zﬁegift is
4.::: to. s |

. Esterid: the Cnmpﬂff@s from 56 to the Cubﬁ
obdk (which is 216) and the fame Extent will
reach from 4o to 154.3 fere. -

Then fet one Foot of the Compafles at
154.3 and two Thirds of the Diftance from
that to one backward, wﬂl fall at 5.36. The
Anfwer. '

And
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And fo much for the Ufe of the Line, its

Defcription and-Making ; which is more full
and amplc, than has been done, I believe.

-.Hlni

 Andit may be noted, That as the Weight

10 the Solidity of Spheres are in a triplicate
Ratio of thei;_ Diameters.

SEC'T,
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A i R

SECT. VI

Myfterious CuriostTiEs éz Nume
bers ; or, Numerical Novelties.

PROPOSITION L

L RO tiplied by five different Digits,

YA | cach of the five Products fhall

" have the nine Digits in it, and

neither more nor lefs ; and the Sum of the

five Produéts fhall contain the ¢ Digits and o,

which are the Characters by which all Numbers
whatfoever are exprefled.

E x A M=
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Ex AMPpLE

The Number propofed is 123456789
Which mul-
ti;}l},.?;}r}; plmducerh 246911 3578y
Thefe
4 . 493827156 bave
; each
o f T 617283945 ) juft
the
Jisto—— 864197523 D:‘gﬁf;,
§ —— h987654312J
3209876514 = Sum,
[or ¢ Digits and o.
PR O 11

There is a Number confifting of ¢ Digits, as
the former, but inverted ; which being multi- .
pliedsby 5 different Digits, each of the 5 Pro-
ucts will have in it neither more nor lefs than
he 9 Digits and Cypher ; or-each of the Pro-
uéts will have in‘it the fame Chara&ers that
ere in the Sum of the Produéts in the laft
WPropofition, neither more nor lefs,

N Ex A M-
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ExamMpLeE
The Number propofed is = — 987654321

Which mul-

}8 produceth 7901234568 fﬁeﬁ

tiply’d by X
» ——— 6913580247 each

5 — 4938271605 .;:E;Sl

4 —— 3950617284 | e

2 —— 19753::-8642;‘ g

And the Sum of thefe Produéts hath the ¢
‘Digits and Cypher, except the 8, which it {plits
into 6 and 2. But if the Number propounded
be multiplied by ¢, the Product will be all
Eights, only one Nine. And if that laft Pro-
dué be added to the faid Sum, that Total will
have the ¢ Digits again, except the 8, which it
divides into § and 3. e

PR GER HE

A Number confifting of the ¢ Digits natu-
rally afcending, being divided by 2 and by 5,
will exhibit 2 Quotients each, having the ¢
Digits in it : And the Sum of thofe two Quo-

tients bath alfo juft the ¢ Digits, and no more
nor
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nor lefs (allowing a o, by way of Decimal, in
the Dividend,)

ExAMPLE,

h

2) 61728394.5§ = firft Quot.

5) 24691357.8 = fecond Qtiot.
| :
The Sum of which Quotientsis = 86419752.3,
which is juft the ¢ Digits : And the like will
arife from no other Divifors,

P- R O-P.. 2V

If the ¢ Digits naturally afcending, as before,
be divided by 4, the Quotient will be the 9
Digits and o; which is all the Charadters that
any Number is expreflible by, and which will
arife from no other Divifor whatever, more
or lefs.

Exampre

4)123456789(30864197.25 = Quot.

Nz PROP.
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PROE V.

If the ¢ Digits naturally defcending, be divi-
ded by 2 and by 5, the Quotients will each
have juft the 9 Digits and o ; and the Sum of
thofe two Quotients will alfo be the g Digits and
Cypher, or all the Characters by which any

Number may be exprefled.

Now this is the more ftrange, becaufe s is
a prime Number, and no Multiple of any.

ExAMPLE.

2)9817654321(4938271605 = 1 Quot.
8D migtin 1975308642 = 2 Quot.

Sum cf' Qubtiﬁnts=69 13580247

Pr RO@ P VN

And now I am upon the 9 Digits ; it may
be obferved, that if they be multiplied any
way one in another, (or, as one faid, jumbled
together) the laft Product fhall however exhi-
bit all the Number of Changes that can poffibly
be ranged on ¢ Bells.

Ex A M-
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BEXAMPLE.

Bells I

Multiply’d by 2 gives 2 Changes
2 by 3 -~ 6
4 24

§ = 120

6 —— n20
T e 1020

8 e 40320
i [Bells.
9 — 362880 = Changes on ¢

FROP NI

By placing 14 Figures to the greateft Advan-
tage, there may be fhewed not only the Num-
bers to be multiplied, but the Produéts fufficient
for any Multiplication Table.

This Method, as a Curiofity in Numbers, 1
contrived about fourteen Years ago ; and as
follows, do give an

“ M 3 ExXAM-
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EXANMPLE
“ ey 'S
= a.g°8 "
£33 $e¥ 53
;“ﬁ“ 5“& 8 A
(CrV LA g
1 9 40
s 8 30
3 7 20
4 6 10
S 5

~ So if it wete required to know the Product
of g times 8. |

In tle . :
Middle, To the Right To the Left.

Againft - - - 9 &8 is go&j0.0r70, &1&kz, =72
Sn-ptim:ﬂ -9 &7y 18 go&20=60, &i1&3, =63
gtimess - & 6 is 4o & 10=j50, & 1&4, ==54
Stimes 7 - 8 & 7 15 30 & 20=50, & 2&3,0r6=5¢6
8times6 - 8& 6 is 30 & ro=40, & 2&g, 0r8=48

And {o on.

Alfo to {quare or multiply any in the Middle
by it felf, as 9.

I
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Inn the Middle,
Againft g {tands 40, doubled is 8o, & the 1 by r is 1==81

Sby8-8' " “Fig, 60, &the 2by 2 is =63
Tbyy-7 20, 40, 3 3=9=49
And {o on.

PR OP VIL

The Number 362880 may~ be. continually
divided by a different Digit from 1 to g inclu-
five, and no Remainder fhall be of any of the
Dividends, which cannot be faid of any other
Number.

E x A M P.L E.

) =4:)o
2)362880(181440(60480(15120

6 )1 ) 8 le)

$)15120(3024(504(72(9(x Quot. Rem. o
[of all.

R:EBO P IX

The Sum of an infinite Progreflion (which
may be thought very unaccountable) may be
found in Numbers.

N 4 Ex A M-
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. LNRIEE 5
E XAMPLE r.:f rba &r.w:, &e.

_r e b

. ?68 192 4'3_ 12, 3, 4 :E‘: ?5’-?: ?3'753 8‘5‘
' ad infinitum.

Here the Ratio is 4 : Therefore,
As the Ratio lefs 1
Jstox &

"-"'Sn is the ﬁrft Term

-'.Tu the Sum of all the reft r:sf' thc ’I'r.'rms
' Thus |

3:1:; 768 : 256 =—the Sum of the reft
768 more the firft Term.

ro24 == the Sum of all, tho’
the Progreffion had been continued to 10000
Terms lower.

PRS0 P X

A Perfon comes into a Bookfeller’s (who was
an Accomprant) and asks the Price of a Book,
which he was told was §s.: But he not w:]]mg
to give it, the Bookfeller told him there were
100 Lcawq in it, and if he would give a Pin
(of 4 Rowsa Pf.mw and 18 to the R-:m) for

" the
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the firlt Leaf, 2 for the fecond, €3¢. to 100 in.
clufive, he fhould have the Book : Which the
Buyer willingly accepting, the Value was com-
puted by this Rule in Progreffion.

 Multiply the laft (here the 1ooth Term) by
the Ratio 2, and from that deduit'the firff Teri
(Lere 1) ; divide the Remainder by the Ratio, Jefs

1, and the Quot." is the Sum af all the ﬂ'é'rms of
the Progreffion.

E X' AMPILE
By Multiplipatin‘n,lthe I_mth Term is equal to
. 6338253001T41147007483 51602688 tual

Which multiplied by 2, and 1 abated, gives the
Sum of all the Terms, equal to

1267 65@600223229401496703205375 Pins.
[Refts 15 Pins.

Which divided. by w2, the Pins for 1d. gives
equal to

1760625833650318613189864 5630 Pence.
[Refts 2 4.

Which divided by 12, gives
1467188194708598844324887969 Shillings.

Which
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‘Which reduced, into Pounds, gives the Sum
to be paid for the Book by Agreement,

73359409735429942216244398/. 95, 2d. 1 §Pins.

A Sum {o great, that Monfieur Bibliopol.
would be content to abate the fifteen Pins, to
be informed how he might come at {fo much of
the reft as would not be inconfiftent with his
living out of M. Fields : For, according to the
Computation of' 300,000,000 of People in the
World, it would furnifh each with an Eftate of
more than 244,531,365,784,766,474 /. fo won-
derfully incredible does this Way of computing
increafe {mall and inconfiderable Things: As in
this Inftance, from a Pin to a Sum more than
the World is worth.

PROD X %

A Row of Decimalsinfinitely repeated, and,
if you pleafe, Integers prefixed, may be multi-
plied by the like, and the true Product is ex-
hibited by a very few Figures, 'Thus,

Multiply
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Mulkiply 5.3333333333333, &0
by 6.6666666666666, &3c.

L ]

3.20 I add thefe 10’s to 100, €9,

3.5rSum§Add

32.0

Produt = 35.55555555, &¢.

PROOF
§3i5="5
63is= *2

Now '§ by *¢is = 3%

Which 322 is = 35 &
Or = 35.5, repeated ad infinitum, as before.

This is a Curiofity which I have but lately
contrived, but is yet more briefly done under
the next Propofition.

'There are three curious M}'ﬁerics in the
foregoing Propofition.

Firft, That multiplying only the Prime’s
Place of the Decimals in each Facor fhould be
magle
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made {fufficient, by adding 2, to give a Num-
ber, (as here 320 :) Which, .

Secondly, Being added from the Right Hand
toward the Left, thould give the true Produdt
(as here 3 and ¢ repeated ;) it being contrary
to the general Rules given by all, to add Units
to Tens, and thofe to Figures in the Hundreds
Place, &¢. And, :

Thirdly, That the Sum of the two laft Fi-
gures in the Line fhould be a Repeater in the
Product.

g
r

PEORPR: &I

If Integers and Decimals are repeating Di-
gits in the Multiplier ; and if you multiply by
one of the Reépeaters, and the Produ® from
the Right Hand toward the Left being added,
and the Sum of the two laft having Tens added
to Units, the Sum will be the repeating Deci-
mal of that Produ&. And fo many of that
Repeater as there are Integer-Places in the
Multiplier, being put toward the Left Hand of
the Point, you have the true Product, by ma-
King only one Line before it.

Exan-
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ExaMPLE
'\”Iult:ply 54321 J |
by 6666. 66666666666666 &e.

325926.Add thefe Units to Tens, £2¢

—

Prod. = 362139999.99999999999999, &¢. done
[by 85 Figures fewer than the common Way.

In this Example, (befides the three :My{tenes
under the laft Propofition mention’d) here is a
fourth ; 7. 2. 'That there fhould always be fo
many repeating Digits toward the Left Hand
from the Point (of rhe fame kind as thofe to-
ward the Right Hand of it) as there are Re-
peaters towards the Lcfi-Hand of the Point in
the Multiplier.

In like manner the Fxampie under the r1th
Propofition might have been done (norwithitand- .
ing the great Number of Decimals in each
Fator) by making only onc Line (inftcad of
three) befides the Produtt.

BER O B
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PROBE X

But if the Multiplier were repeating Integers,
then the firft Line muft be added in another
Way to obtain the Product.

Exampr e

54321
by 6666

Add this 325926

362103786 == Produét.

PROOF
The Produét of =354321
by .6 repeated

.
—

Is; as thew’d before = 36213.999, €4

To which adding the Pro-

duct, as in thislaft Ex- 2362103486
anple, == '

-

The Sum is = 362139999.9999,82¢.

As in the Example above, which proves both
that and thefe to be true,

Here
2
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Here to add the Line, Ifay 6 : Then 6 and
2 is 8 in the Produ& : Then 6 and 2 is 8, and
9 is 17 ; 7 put down: Then 1 I carried, and
6is 7, and 2 i59, and ¢ is 18, and §is 23;
put down 3, and carry 2 : Then, becaufe you
have added as many as there are Places in the
Divifor, leave out the 6 in Unit’s Place, and
fay, 2 carried, and 2 is 4, and g is 13, and §
is 18, and 2 is 20 put down o, and leave 26
out : and fay, 2 carried; and ¢ is 11, and §is
16, and 2 is 18, and 3 is 21 ; put down 1, and
carry 2 : andfay, 2and 5is %, and 2 is 9, and
3is 12 ; I put 2 down, and carry 1, and 2 is
3, and 3 is 6 ; which put in the Product, and
3 is 3 there,

The Procefs here being a little intricate, be-
caufe new, I have direéted you through the
whole, proved as in the foregoing Page.

‘Nite, 'That this is done by 18 Figures in 24
fewer than the common Way.

B BAO P iGN,

How to avoid all unneceffary Tigures in an
Operation and Product, when there are many
decimal Places in one or both Faétors to be mul~
tiplied together, and yet to give an accurate
Rectangle, as by the common Way.

E x A M-
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E %A e LE 1

Multiply 1.23456 by 9.87654, fo that there
may be put 4 decimal Places in the Produdét,
and yet they to be as valuable as if the whole
Faétors had been multiplied in the common

Way.

1.23456
45678.9

I$889 ¢
9876
864

74
6

I

12.1931 == the true Produét,
with fewer Figures than the common Way, by
201n 37.

AT TV TR S S ]

Mulciply .12345 by .98%65, and to have 4
Decimals only in the Product, which fhall have
4 Places next the Point (which in moft Cafes
are {fufficient) as true as if all had been unne-

eeffarily multiplied.

12345
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12345
56789.

P e

ITIIIL

99
8

.1219 == Produét, with 22
| Figures in 30 fewer than the common Way.

Notey 1. In this Way of Multiplication I re-
vert the Multiplier.

2. I put Unit’s Place thereof under that de-
cimal Place of the Multiplicand which an-
{ivers to the Number of Decimals that I
would have in the Product.

3. I only multiply the Figures which ftand
over that Figure I multiply by.

4. But I confider what would be carrfed, if
two, or at lealt one of the Figures next
the Right Hand of that which T multiply,
were multiplied.

5. I place the Surplus above 16 of each Fi-
gure, which I.firlt multiply, one under
another, all next the Right Hand, and

O not
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not a Place more toward the Left Hand,
as in the common Way. '

By thefe Notes any one, I think, may perform
Multiplication this Way.

PRIy X%,

To know the Chances that may be thrown
on any Number of Dice, from 1 to 6, is as by
this Zable of 1, 2,3, &, to 6.

TABLE L
Dice '

ply 2 4 4 5 6 Roots, or Points
[on one Side.

SLE 1h r B 16 25 56 Squares,

143
!
iy -]
P

e |
£,

125 216 Cubes.

4/t 16 8r 256 625 1296 Biquadrates.

5 I 32 543 1024 3125 7776 Surfolids,

6/ 64 729 4096 15625 46656 Squar’d Cubes.

The uppermoft Figures involved, produce the
Powers-under them,

The
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The Right-Hand Column fhews the greateft
Number of Chances that is on any Number of
Dice from 1 to 6. That under 5 is the Num-
ber without a 6; that under 4, the Number
without § and 6, &e.

And that this is no more ftrange than true,
I will demontftrate feveral Ways that the great-
eft Number of Chances on two Dice is 36. =
the Square of the greateft Number of Points on
one Side of a Dice,

The particular Chances on two Dice are thus::

EFABLE 1L

Egl Sri@eks 93 -t 52 S GF
I2 532 38,2 fda2 58,2 16,2
L R T e R R
4 24 34 44 54 6,4

I,5 2,5 335 455 — 55 16,8
B0 2,65 2.6 .« 4,6 “ &6 68

6+6+6"l“6+-5+6=36
[in all.

Note, -+ fignifieth more, and = egual to.
0 2 | A









i
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Cafs. Points, " Chanees.
!/

8 44
6,2
2,6
553
345

%
azig
s

J

|

54
45

5.5
4,6
6,4

6,5
556

§.5 e By

R et T

Sum 15 -+ 21
[=36, Sum Total as before.

10

1

L]

|

|

II

|

12

Al in farther Ufe of Za4bic 1. to demon-
{trate that the Chances anfwer to the Number
of Points in the uppermoft Line, and the Num-
ber of Dice in the Left-Hand Column. 'Thus
againft 2 Dice, and under 3, ftands ¢ ; which
thews that there are 9 Chances on 2 Dice, when
the greateft Number of Points are but 3 on
thofe Dice.

DPemone
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Demontftrated thus:

Points,

1& 1)

2, 1 )Sum = ¢ Chances,
1, 3 |
35 1
2, 3

3, 2

Secondly, That there are but 8 Chances on

8 Dice, when the greateft Number of Points
thereon is 2. «'Thus,

Pomnts, f

1& 1 & 1

\ Sum == 8 Chances,
as by the Zabe.

O 4- Thirdly,
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Thirdly, That there 27 Chances on 3 Dice,
when the greateft Number of Points thereon
is 3. 'Thus,

Points. _(Iénmm

——————— =

I, 1, 1
2, 2, 2

2y et
| P g
I, 3, 3
I, 2, 3
o

2
I, I, 3
Iy 3, 1
2, I, 2
2, 3, 2
2y 35 3
2, I, 3
2y 35 I
38, I» 3
3}_—.2;.2

3

1
I
I
2
2
b2
I
2
2
.
{
I
2
2
2
1
2
g, 2, I

RARRRERNHNRARS

s

27=Sum T'otal,

PROP
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PRSPV

"The Unciz &f Powers algcbraically involv’d
are the Figures which ftand towards the Left
Hand of the feveral Members of the feveral
Powers : As 2 -+ b being multiplied in it felf;
givesaa + 2a b -+ bb ; that is, 12 {quared,
more 2 ab, (or twice 2 multiplied in ) more
1 b {quared.

And where the Uncig are but I, they arenot
put down, but fuppofed ; and {o the Cube, Bi-
quadrate, and Surfolid are as follow ;

a+b
Multiplied by ~ - 2+ b

. Gives aa + 2ab + bb==the Square of 4 +5,
Multiplied by - - - - - a+b

Gives aaa + 3aab +3abb + 465 = the Cube.

Multiplied by - - - = == === i+ b
Ty =i . [Biqu.
Gives aaan + aaab + 6aabb + 4abbb + bbob —the
Multiplied by == ~-- -~ - ---==-==- até -

Gives gaaas + gananb + 10aapht + 1 onnbbb + 5 abbbb+ bobbb—
[the Surfolid.

Here-
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Here in this Surfolid, or fifth Power of a+b,
it is plain the Unciz are 1, §, 10, 10, §, 1 Nmr
there is a Rule to find thefe Numbers thheut
multiplying the Species, thus :

IX f-o(s ‘H‘-*—(Iﬂ 7"‘“—(1:: xf’“;(s xf_q' I

That is,
1 multiplied in 5 lefs o, divided by 1 = g
5 : §— 1 - — 23==10
IO —— —-.j.' 2 - 3 =10
10 5 3 — - 4= 3
§ ekl pas 5§ =1

Secondly, But there is a briefer Way of find-
ing the Unciz, and only by Addition, which is
my own Thought, thus:

1, 1 == the Unci@ of the Root.

1, 2, 1 = that of the Square.

1, 3, 3, 1 == that of the Cube.

I, 4, 6, 4, 1 = that of the Biquadrate.
1, 5, 10, 10, 5§, 1 = that of the Surfolid.

I, 6,15,20,15,6,1 = that of the fquared
: [Cube, €9c.

Here
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Here 2 added from the Right toward the
Left, gives thofe in the Middle refpectively, and
the 1’s at each End of a Line put down as they
are. 'Thus for the Unci@ of the Square ; 2 in
the Middle is the Sum of 1 and 1 above: For
the Cube, 2and 1 = 3, and 1 and 2 =3, and
1 and 1 next the Right and Left: And in the
Biquadrate from the Unci of the Cube, I fay,
(1), 3 and 1 is (4), 3 and 3 is (6), 1 and 3 is
(4), and (1) always to the Right and Left;
thofe in ( ) being the Unciz, which arc foon

found.

Thirdly, But that which I chiefly infift upon
as a Curiofity (under this Propofition) is the
Rule for finding the Unciz of any Member of
any Power, without knowing thofe of the prg-
ceding Powers or Members. :

"This is alfo my own Invention: Altho’ near
{even Years afterward I faw a Rule very near
it, ufed by an ingenious Authar on another

Occafion, not this.

To find the Unciz of the fourth Member, or
Term, of the fixth Power, put down the Di-
gits to within 1 of the given Member, and mul-
tiply them together for a Divifor.

As here 1 by 2 by 3 is =6, the Divifor.

Then
2
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‘Then put down as many Figures downward
from the Power, as here, 6, 5, 4 ; which mul-
tiply together for a Dividend = 120, and the
Quotient will be = 20, the Unciz fought: As
appcars by the laft Tzbje.

So alfo the Unci of the 3d’T'erm of the 4th
Power will be found 6 :

For, 1inzisz, the Diﬁfnr.
And, 4 in 3is 12, the Dividend; Quot.= 6
[ Anfw.

So alfo the Unciz of the 4th 'Term of the
sth Power is 10 :

For, 1in2in 3 =6, the Divifor.
And, 5 in 4 in 3 = 6o, the Dividend.

Quot. is as above.

So, laftly, the Unciz of the 1oth Term of
the 135th Power is thus found :

[ Divifor.

1in2 in3in 4in §in 6in7in8ing=

And,1§in1ginr3intzin 1y inroingin8inn=
[ Dividend.

Thus,
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‘Thus,
For Divifor multiply For Dividend mulsiply
I Is
2 by 14
2 210
by 3 by 13
6 2730
4 12
24 32760
5 11&10
120 3603600
6 9
720 32432400
vl 8
5040 529459200
8 ¥
40320 81621440.0=Dividend.
9 181440 (5005 = Anfw.
o s or [or Quot,

36288.0 = Divifor.

So that, according to the new Rule above,
the Unciz of the tenth Term, or Member, of
the fifteenth Power, is 5005.

And
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And if the greateft Man that ever was,
thought it neceffary to give the Rule under and
at the End of the firft Head of this Propofition,
I hope the two New Methods under the fecond
and third Heads (being much briefer and eafier)
will be taken as a great Improvement and
Curiofity.

PROP XVIL

For finding the Gallons in the Decimal of a
Barrel of Beer, I have contrived the following
curious and briefer Method than the common
of multiplying by 36.

Examrre L

6543 of a Barrel.
26.172
23.5548 Gallons and Parts.

Ezxampire I

4321 of a Barrel.

1.7284
15.5556 Gallons and Parts.

Here
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Here I only multiply the given Decimal by
4, and fubtraét the Produ& from it felf, as
Units from o, Tens from Units, &¢. having
firft cut off from the Product one Place lefs
than in the Decimal given.

So that as in former Propofitions 1 have
given the Anfwer by adding, fo here by fub-
tracting one and the fame Line, Tens from
Units, &¢. A Thing never fhewed by any
other before, and what may be thought unac-
countably curious by an impartial Reader.

For briefly Valuing Decimals of Money, Weight,
or Meafure, by Infpection.

PR OP.. XVIL:

To write down, or know the Value of a
Decimal of Money by Infpection.

Examepire I

Value of .1234 /.
Is =23 ¢4

E x A M-
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Exampre IL

Value of 43567
Is = 9 5. 1%d. fere.

Exavmpa sl

Value of .678g1.
Is = 135 7d. propé.

I have about 'Thirty-three Years ago pub-
lithed this Rule in The Merchant’'s Magazine,
whofe Vending hath been a {ufficient Ind:catmn
of its U{Lf'uln&s

In Example I. Double the Prime’s Place is
25. and the 23 in the fecond and third Places,
are 23 Farthings, lefs 1, becaufe above 13 is
22, OF 55 4d. '

In Example 11. Double the 4 in Prime’s Place
is 8 ; and becaufe the Second’s Place amounts
to 5, add 1is == 9s. and the 6 is Farthings:
So 9. 1-d. is the Anfwer.

In Example 111. Double the Prime’s Place is
123 to which add 1, becaufe the Second’s
Place is not lefs than §, makes 13 5. 'Then

the

%
=
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the 2 above 5 in the Second’s Place, and 8 in
the Third’s Place, I call 28 Farthings ; which I
fhould make lefs by 1, (as under the firft Ex-
ample) but do not, becaufe the fourth Place
from the Point is above 6. So 28 Farthings
is 7d.; and 13 5. and 7 d. is the Anfwer.

Note, 1 was the firlt that gave the Reafon of
this Rule in my Book above.

PR O.P.. XX,

To find the Value of the Decimal of a Pound
Troy (moftly) by Infpe&ion.

Exame s L

8765
% 10.5180
Or, 5 10. dwt.10. gr.g.

ExAaMmprs . I

1654
5 9.1848
Or, 5 9. dwt. 3. gr. 17.

]

P Ex AM-
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" Examprr IL

5432
% 6.5184
Or, § 6. dwt.x0. gr.g.

The Pennyﬁweights and Grains found entire-
ly by Infpection ; as follows :

The Anfwers to the three laft Examples are
produced thus :

Firft, Multiply the given Number by 2, and
add the Digit next the Right Hand to the Pro-
duct, &c. and when you come to the Digit
next the Left Hand, and have multiplied that,
add the Tens carried to that Digit, which in
the firft Example is 10.5180%. And {fo of
the reft. |

Secondly, For Penny-weights, double the
Prime’s Place of the Decimals of an Ounce, and
if the Second’s Place be 5, or more, add 1; (as
in the {fecond Example.)

Thirdly, For the Grains, take half what the
Second’s Place is above or under §, and the
Third’s Place, for Grains. So in the faid fe-
cond Example, 8 is 3 above 5 ; which 30 added

to
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to the Third’s Place, 4, is 34 ; half of which is
17 Grains : And o of the reft. Which is all
new and eafy.

See alfo Prop. XXII. for the Decimal of a
Foot by Infpetion.

RO PR,

When the Value of any Integer is 2, the
Value of any Number is known, by cutting off
Unit’s Place with a Point. So thofe towards
the Left Hand are Pounds, and thofe towards
the Right are {0 many 2 Shillings.

ExamMmpre L

1234 at 25, each
Ate, 123/ 8s.
Exaswxpis 1L
56789 at 2.
Are 567817 183s.
Examere IL

_ 98765 at zs.
" Are, 9876/, 1034

Pz- PROP.
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PRUOP XXL

_If the Value of an Integer is any even Num-
“ber of Shillings, the Value of the whole is
found, without puttmg down a Figure befides
the Afff wer.

ExaAamepie

e LV N v
Is 7.863.8. Anfwer. »

Ex ayprr.JdlL

4567 at 16s.
Is L. 3653.6. Anfwer.

Exampepre IL

6789 at 18y,
Is .61101.) Anfwer.

This is done by multiplying the Number of
Integers by half the Price of 1, and cutting
Unit’s Place with a Point from the Produét.
So in the firlt Example, 7 times 1234 is 863.8,
€c¢. and the Digits cut off are Decimals of a
Pound : In the firft Emrmpfﬁ, 16s. in the fe-

) : cond
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cond, 125. E¢c. by Prop. X VIIL for valuifig a-
Decimal by Infpection. F7d. Prep. XXHI, 0

PRO P. XXIIL

The Value of the Decimal of a Foot in

Inches and Quarters is thus found by Infpection
cafily. o

ERA'M?PTe T
.26 Foot. °
Value = 3 Inches, o Quarters,
ExamprE ‘H

45 Foot. -

Value = ¢ Inches. 2 Ouarters.
5 3

ExaMpPLE HI.

.89 Foot.

Value = 10 Inches, 2 Quarters.

The Prime’s Place is fo many Inches and fo
many Quarters.

The Second’s Place is{o many Half-Quarters.
But if it be 3, or upward to 6, dedu&t 1 ; 6,

P 3 or
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or upward to 9, deduct 2 ; 9, 3. Never done
before by any other. Two of the following
Ways are alfo New.

PR OP XX

When the Value of an Integer is any odd
Number of Shillings, the Price of any Number
of thofe Integers may be found by thefe three
fhort Ways.

ThE' firt Way.

§432 at 13s. each.

/. 3259.2
o { 291 —129.

L

Sum /3530 — 165, Anfwer.

The fecond Way.

5432 at 13s. each.
1061.6
l. 3530 — 165, Anfwer,

The
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The third Way.

‘'§432-at 135, cach.
05

et

L 3_1'3::-—- 16 s. Anfﬁer.

In the firft Way I work for 12s. -as is «done
under Prop. XXL and to the Product add half
the 5432, except Unit’s Place. -

In the fecond Way I multiply the 5432 by
3, and add the Figure next the Right Hand as

1 proceed, &¢. As under Prop. XIX. Rule
the Firft.

In the third Way I multiply the given 5432
by 65 = the Decimal of 13 5. which is eafily
done without making a Digit befides the An-
fwer : For I fay, s times 2zis10, o and carryr ;
5 times 3 is 15, and 1 is 16, and 6 times 2, or
12, is 28, put 8 down, and carry 2, €. So
that Product is /.3530.80, or 23530, and the
.8, by the Rule under Prop. XXI. is 16 5.

This Way of multiplying by two Figures is
very eafly when much ufed. I feldom make

il two
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two Lines for two Figures in the Multiplier, as
appears by the next Propofition.

0RO P XX

Out of twenty Things, how many different
Parcels (each 10) may be had ?

To anfwer this, the Number of Parcels
from 1 upward muft be multiplied together con-
‘tinually for a Divifor ; and {6 many of the zo
as there are Parcels muft be multiplied one in
another, beginning at 20, €. downward for
a Dividend. 8o the Quot. is the Anfier.

ExaMm-
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If it be thought that the laft Propofition is
the fame with the XVIth, the Miftake will
eafily be rectify’d, if it be confider’d, That
both the Dividend and the Divifor laft above,
are much different ; the former here being 11
times as much as it would have been by the
Rule under the XVIth Propofition, the latter
1o times fo much ; and this Quot. inftead of
184756, would have been but 167960. But
another Thing very obfervable, is, That there
thould in neither under this nor Prop. XVI. be
any Remainders in dividing fuch large Sums,
nor in any other of like Sort with either. And
it may {eem the moft ftrange of all, that 184756
different Parcels of 10 fhould be contained in
2o Things of any kind of Individuals.

PR OP
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XXV.

B-R O P

The Powers of the nine Digits, with Obfervas

tions thereon.

6gozbLgt | 1zLotott | 696zgly | 11F1ES | 61065
gzlbkizbE1| 912LLLoT (2814607 | ThI1297 | 89LE®
LogEStot | 10gbgLS |ebSEzg |6boLrn|Logyl
96g9Lloor |9196Lor |9€66Lz |9S99V |9LLL
Sz15561 | Sz906E |Szigh |S29S1 |S2Tl
ttiz9z 9¢559 ¥g91r |96ot |tzor
£g961 1959 Lgiz 6zl ¢tz
zZ1§ 98z gz1 t9 (43
I 1 I I 1

s .m . &_H.,N. _._W . h__ . ﬁ - _h_.
‘agnp pagno | priubig nbs | “prjofins pr | agn ubs | “profang

1959
gbot
1012
g6zl
£z9
9fz
I8
91

ubig

6z L
z1§
2
912
fz1

g mNO -0 O

OBSER-
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OBSERVATIONS.

I. That the Unit’s Place of all the Powers
of 5 and of 6, are 5 and 6 refpeively, and
are therefore called fpherical or circular
Numbers. '

II. That the Unit’s Places of the Powers of
4, are 6 and 4 alternately.

111 And thofe of 9, are 1 and 9 alternately.
IV. Unit’s Place of the Square)

Arejuft the
and {quared Cube W e
V. Unit’s Place of the Cube | Top to
and Surfolid Bottom ;
and the 2
VI Unit’s Place of the Biqua- | laft are

drate and {quare Biquadrate: 5= N

VIL Unit’s Place of the Surfo-| 8its each;
lid and cubed Cube, wiz. The whic}} is
Places of the Powers 2d and 6th, the XIth
3d and #th, 4th and 8th, - sth (?bferm.,
and gth tion.

-

VIIL That the Number of Places in the

Powers of 8 and ¢, are equal to the Roots
8 and 9.

IX. The
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~_IX. The Exponents of the Square being 2,

of the Cube 3, the Biquadrate 4, the Surfolid §,
" Cubed Cube 6, €. 1 fay the Sum of the Ex-
ponents of any two Powers is equal to the Ex-
ponent of the Reétangle of thofe Powers: So
where the Root is 4, and the Exponents 2 and
6 I {ay, the Sum of the Exponents 2 and 6 is
8, equal to the Exponent of the Reétangle of
the Powers 4096 by 16 = 65536 : As by the
Fable. And Double the Exponent is = that
of the Square of the Powers.

X. and Laftly, If from any Exponent you
take another, the Power under the remaining
Exponent fhall be the Quot. of any of the
Powers under the greater Exponent, divided
by that refpeétively under the leffer, having the
fame Root : As againft the Root §, if from
the Exponent 8, you take the Exponent 3, the
Remainder is § ; under which, and againft the
Root 5, is the Quot. of 390625, divided by
125, i.e. 3125, found by only #ubtradting the
Exponent. And {o of any others.

SEC T
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InstrucrroNs bow to take Heights,
Depths, andDiftances, feveral Ways,

great o7 {mall.

Zhe QUADRATIC INSTRUMENT.
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I. 9o take ALTITUDES.

1. TheUfe of the Square ¢, a,d, c, q, and
the Line and Plummet c, p.

PROPOSIEIQNAL -

7o take the Altitude of a Tower, Steeple, Houfe,
Tree, &c.

~emv i, ]OOK at the Top of the Object
(Gt P through the Sight 7, s, (with #
L 71 next your Eye) and go forward
s | or backward, till, at the fame
~ time that you {ee the Top of
the Object, the Plumb-Line falls at 5o Parts in
the Square : Then meafure from your Foot to
the Bottom of the Object where it touches the
Surface of the Earth, and that Diftance, adding
the Diftance of your Eye from the Ground,
is the Altitude of the Object required.

So if I find from my Foot (for Example)
to the Bottom of the Objeét, 91 Foot, more §
is 96 Foot, the Height required.

2. The
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2. The Ufe of the Side Right Shadow g, a.

APAR-O P, ikl

To take the Height of any Objelt from any Place
to which you can meafure on even Ground from

- the Bottom of [uch Objeft.

The foregoing Method is for fuch as under-
ftand not the Rule of Proportion : This is for
{uch as do. '

'The Ufe of the Forefide, or Right Shadow,
. is for fuch Diftances of the Place where you
obferve to the Bottom of the Object as exceeds

the Height of that Obje&.

Bing X 'M p1LUB.

I will take the Altitude of the foregoing
Objedt from a Station which 1 will fuppofe 120
Foot from the Bottom (becaufe I cannot come
nearer it, by réafon of fome Impediment or
Water or Morafs; €. but can fend one round
with a Clue of Packthread, keeping one End
in my Hand to meafure the Diftance ;) at which
Diftance looking through the Sights at the Top
of the Objedt, I find the Plumb-Line cutteth

. 40 Parts






':.:,'2. 5 A Métb&rﬁqﬁml MANUAL
. “i3n The Ule L‘?f the contrary Shadow a,d.

PR OD 1L

To take the Ha{g&t .ﬂf any Object from which
you cannot go' fo far backward as to make the
 Thread fall at s0-Parts.

ExAmMpLE

I will fuppofe I were to take the Altitude
of the foregoing Objeét, but cannot go farther
from the Bottom of the Obje& than %2 Foot
(by reafon of fome Impediment behind me ;)
where looking through the Sight at the Top of
the Tower, &¢. the Thread cuts 37.5 in con-
trary (or back) Shadow. ‘Then I fay,

As the Parts cut by the Thread = i

Is to the Diftance that I am from the Bot-
tom of the Tower (more Height of my
Eye) ng 1

Sois 50, the whole of contrary Shadow

‘Ta the Altitude as before = 6. 'Thus,

37-5
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3.8 52 92 tokn

50
37.5)3600.0(96 = the Altitude as
Vi [ before.
22350
o .

Notey, In thefe Cafes it is neceflary to take
the Altitude of one and the fame Object,
that {o the’ Agreement of the feveral Ways
may demonftrate the T'ruth of each ; which
others on this Subject not having done,
have render'd their Anfwers uncertain.

4. The Ufe of the Line of Chords, of Equal
Parts, and of the Arch in the Quadratic
Inftrument sbove.

PROP 1v.

The feconid Propofition above: performed by thefe
' Lines geometrically, according ts the following
ViSehenie; which is a Denmonfiration of the
":ﬁ'ﬂb:q}" the three firft Propofitions.

er In




238 A Mathematical MANUAL
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So without the Square, only by the threc
Lines above, totake the Altitude of ¢z ; I
ftand at b, becaufe I cannot well come m:arer
and lﬂukmg at a thrnugh the Sights, I find the
Thread cuts 38°. 49’ 5 and meafuring the D1-
ftance # ¢, 1find it 120 Foot.

5. Now



A Mathematical MANUAL. 22 9

5. Now to lay this down upon Paper,

I drawa Line, ¢4, at Pleafure ; then taking
120 from the Line of Equal Parts on the In-
ftrument, ic extends from ¢ to & ; Thirdly, I
ere¢t the Perpendicular ¢ 2 ; Fourthly, With
60 Degrees of the Line of Chords, fetting one
Foot of the Compafles in 4, I defcribe the Arch
#y, m ; Fifthly, Becaufe the Angle at & (or
@b c) is 38.40, 1 therefore take that from
the fame Line of Chords, and fet it from # to r;
Sixthly, I lay a Ruler from & to r, and draw a
" Line from &, till it interfet the Perpendicular
¢ a, which it doth in # ; therefore, Seventhly,
I take the Diftance ¢ 4, and applying it to the
faid Line of Equal Parts, I find it 96, = the
true Altitude required. And alfo in like man-
ner may you take the Height at the other z, &,
Stations,

And note farther, That by this Way you
have alfo the Hypothenufe a2, by taking it
between your Compafles, and applying it to
the fame Scale of equal Parts ; which is done
eafier and {peedier than by the 47, 1 Euclid,
of taking the {quare Root of the Sum of the
Squares of the Bafe and Perpendicular ¢ &
and ¢ 4. '

Q3 . A
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6. A third Way to find the Altitude ¢ a,
Arithmetically.

- Having with the foregoing Inftrument taken
the Angle at the Station 4, and the Diftance
b ¢ ; fay, -

 As Radius et — 10.

""To the Diftance ¢ = 120, its Lug._z.n'ygx 81
.\ 8o is the Tangent of the Angle

at o= 38° 40/ @ ~——

¢ 9903199

Tothe Log. of ra =96 — 1982380

And fo of any other Altitude, and the other
Stations for this.

EROY Y

To take greater Altitudes, as of the Stars, Sun,
or Mooity by the Quadratic Inftrument.

Look through the Sights, with # next your
Eye, and when you fee the Star, obferve how
many Degrees are cut in the Arch by the
Thread from m towards 9o ; and fo many are
the Altitude above the Horizon.

2. O,
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2. Or, for the Sun: You may hold up your
Quadrant with s next the Sun, and when the
Point of the Sun, fhining through the Hole at
s, falls upon the Hole at », the Degrees then
cut by the Thread in the Arch is the Sun’s Alti-
tude above the Horizon.

3. For the Meridian Altitude : Take the Al-
titude of the Sun, asbefore, at 12a-Clock, by
fome good Dial that hath Minutes, and making
Allowance for the Time in the Table of the
Equation of natural Days, the Degrees cut by
the Thread fhew the Meridian Altitude of the
Sun that Day. |

1. 9o take DEprHSs ﬁ'fueml Ways.

PR O L

How to take tbe Depth of any Well, or of the
Eye of any Coal or Lead-Mine, &e.

Q 4 AT a-
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A T a 5 v & fbewing the Feet that an beavy
- Bedy falls in any Number of Seconds, ot ex-
: ceedsﬂg 12, and to take Depths thereby ; and
“alfo without the Table, by the 4 qf the 112,

and 3 of the 11d Prop.
148 (e
ERe £ e88
SNE WS L
LR — 48
3 e B0
g SO R T -
i e Y
R e e
L T e 208
P p— 240
9 = 292
jo —— 304
1T —— 336
B e 208

Sums of the

Feet that

it falls.

53

B
& RE £

400

576

'?34‘.

1024
1296
1600
1936
2304

" This
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This Table is :ﬁadé {everal Ways:

1. For if you multiply the firft of the Mid-
dle Column by 3, it'gives the 2d Number ; by
5 the 3d, by the 4‘th €. Or,

- 2. If you add 32 to the I.ﬂ', &¢c. continually,

you will have all the Numbers' in the fecond
Column. :

3. If you add the two firft Numbers in the
middle Column, you have the fecond Number
in the third Column ; the three firft in the
fecond gives the third in the third, €%c. Or,

‘4. Without the fecond or third Columns,
the Sum of the Feet that any Body falls in any
Number of Seconds may be found by confider-
ing that the Diftance is as the Square of the

Time. Soif you would know how far a heavy
Body falls in § Seconds, I fay,

Asy :3%6 T199=25": 400
As in the third Column.
Or in 6 Seconds fay ;
12 dng 6*=36 ; 3576
As in Col. 3, & '
| PPOP,
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2R OPIL

Do take a Depth by your Watch and the third
Column. -

Obferve how many Beats of the Watch
there are between letting the Body fall, and
hearing the Sound of it when it comes to the
Bottom, which fuppofe 12: Now in 12 Beats,
reckoning 4 to 1 Second, is 3 Seconds ; againft
which, in the third Column, is 144 Foot, the

Depth.

For a1ld ExampvLeE

Suppofe it 24 Beats of the Watch from the
Time it is let fall, to the Time you hear the
Sound at the Bottom ; that divided by 4 is 6
Seconds ; right againft which, in the third Co-
lumn, is 576 Foot, or 192 Yards, the required
Depth, M

Examere IIL

Suppofe the Time of falling is 22 Beats of
the Watch, which is 5.5 Seconds ; then by the
4th Paragraph above,

T TR
Ast @ 16 :: 5.5° : 484, or 161% Yards, =the
[ Depth, without the Table above.
S0
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So much for taking Depths in the Medium
of Air. Now for Water.

But ﬂaré; The Body you let fall may be
about 5.23 Iaches Diameter, and Round.

Note alfo, That 5.5* is 3 and an half fquared
or multiplied im it felf 5 and fo 6* is 6 {quared.

The Depth“above being in Air, what fol-
lows in this Propofition is in the,Medium of
Water. |

e3F RO B _1I.
How to take gny Depth at- Seay without a

Sa:mdﬁgg Line.

In order tnﬂ;hmh I fhall give th¢ following
ZABL E ;

Time









Time from Im-
merfion to E-

merfioh,
"
37
38
39
40 ;-
4% -
Az -,
43 51
45
46 .
4% 2

]

]

48 . .
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Fathoms
deep.

19.§71

20.8

" ﬂﬂ-'ﬁ -.

. 211
- 21.6+

- 223
22—

23.3%
- 23.§~—

243
- 24.8
- 253
- 259
26.4—
- 26.91

2'7.41

28.0—

~ 28§

Time
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Time from Im- 4
mer(ion to E- Fathoms
amerfion. deep.

it .
§ g Aibicsatawnniloy ek
56 e 29.6 —
57 T 30.1—
§§ ———— 3061+
e N VL
6o s R §1.07

It hath been tried in fhallow Water, that if
you take a varnifhi’d Ball of light Woed, and
on that fix a Hook a very little hooked, and to
that hang a Weight that will eafily fink it;
when the Weight comes plump to the Bottom,
the Ball will be difengaged, and come up again;
and from the Time the Ball is all covered with
the Water, to the Time it appears again, 7. e.
from its Immerfion to its Emerfion, being found
in the Zuble (taken by the Beats of a Watch,
or rather by a Pendulum, which vibrateth Se-
conds, to fave the Trouble of dividing the Beats
by 4) right againft that Time you have the
Depth ; as hath been found by Experiments.
Which Z4ble is grounded on  this Proportion,
that the Ball will be under Water 6 Seconds,
when the Depth is 3 Fathom and 1 Sixth, or

3.166666 ; or, as 36 to 19.
Or
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Or if your Depth exeeed what isin the Tu-
ble ; as, admit the Ball is immers’d 28§ Seconds :
If you multiply .52777, whichare the Fathoms
anfwering to 1 Second (according to thé Pro-
portion abovefaid) by the 285, the Product
~will give the Depth = 150.4 Fathom.

Note, 'That < in the foregoing Zzble figni-
- fyeth more, but not fo much more as .os ; and
that — is Jefs, but not {o much lefs as .05 : Or,
the Depth to the Time is near 1 Yard in1 Sec-
cond, being but about 3 Yards aver in 6o Se-
conds ; as by the Zable.

PR OP" "W

Being at the Top of a Tower, &c. how to take the
Depth or Length down to the Bottom or Surface
of the Earth, by Help of the foregoing Qua-
dratic Inftrument. :

I will inftance in the Diftance under Prop. IT.
for taking Altitudes. Being at the Top of the
Tower zc, ({ee the Triangle 20 ¢) I order fome
one to fet up a Mark at 4 ; then I look at that
thro’ the Sights, with that Sight next my Eye
which is next ¢ the Center, and I find the Thread
cuts §1° 20', which is the Angle ca 4, or at 4
then I fubtradt §1° 20’ fromgo,and the R emain-
der is 38.40. the Angle 2 b¢. 'Then I fay,

As
2
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As the Sine of 51.20 — 0.892536

Is tothe Log. of the dift. meafur’d

ch =120 } 2.079181

So is the Sine of the Angle at 2

§840 i > ¢ 9795733

Tothe Log.of the Depth ac =96 - 1.982278

Or this may be done Geometrically in all Re-
{peéts, as under the faid IVth Propofition for ta-
king Altitudes; after you have acquired the
Angle zb ¢, or at b, by taking the Complement
of 51.20to0 go.

1. 7o take Distances feveral Ways.

PR P

Tv take leffer Diftances by the plain 'Table, and
[uppofing the Places are inacceffible from the
Places where you make your Obfervations.

As for ExAMpPLE

Admit it were required to take the Diftances
following from 1 to'@, to b, toc, &e. over a
River : I place my Inftrument at 1 ; and ap-
plying the Edge of the Index to that End l?f

R the
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A Tower.
i
A Houfe. E@J
If} Sy -.'-:' _"'-. _ﬁT
B e i e,
‘?* £ Kee
it S O
- Sk 7%
ﬂ_ﬂ H = -' e

1 2
4o Pole, or 220 Yards, or 10 Gunter's Chains,

the ftationary Line, I turn it till I can fee the
Mark at a, and then draw a Line by the Side
of the Index direétly towards ¢, as 1 # ; then
keeping the Edge to the fame Point, I turn the
Index till through the Sights I can fee the Bot-
tom of the Tower at 4, and then I draw the
Line on the Head of the Table, as 1 4, and
then I turn the Index till I fee the Tree at c,
and draw the Line 1¢. All the three Lines
thus drawn at Pleafure, T put a Mark at Sta-
tion 1, and meafure from thence.to a fecond
Station at 2, which fuppofe I find 40 Pole,
this I take from the Scale of equal Parts, and
fet on a Line drawn at pleafure, as 1/ from

I tO 2.
"Then
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Then I remove my Inftrument from 1 to 2,
the fecond Station, and laying the Edge of the
Index to the Line 2, 1, I turn the Head of the
Table, till, through the Sights, T fee the for-
mer Station at 1, and then I turn the Index to
a, by, and ¢, as before ; and drawing Lines
24, 2b, and 2 ¢, they will cut the former
Lines in a, b, &¢. 'Then any of the Lines
above being applied to the fame Scale that the
ftationary Diftance 1,2 was meafur’d by, gives
its Length. So that by the two Stations form-
ing the Scheme above you have taken eight fe-
vera] Diftances 3 7 e,

Thepned  sgwe
1,4 18 == 94 0F — §I7
I, b — =113 6213
A 627
2,8 — = 9% 3225
2,5 — == 102 561
gt == gL —Eroes G0
ay b — = 33. =281
by ¢ — = 37 %ags

R 2 And
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And the River between the two Stations and
the Objedts is almoft a Quarter of a Mile broad.

Note, A Statute Pole is 5 Yards and an half:
And T have taken thefe Diftances in Poles
meafured by the Line of Equal Parts in
the foregoing Quadratic Infirument.

PROP IL

To take o Diffance from a known Height by Help
of the f2id Quadratic Inftrument.

Under Prop.1V. for taking Altitudes, admit I
am at the Top of the Tower ¢ 2, and would
~ find the Diftance ¢ 72, or any other, (tho 10
times that) I take the Quadratic Infirument,
and looking from « through the Sights, with
that next the Center nearcit my Eye, I find the
Angle at 2 (or ca72) 36" 52/, whofe Comple-
ment is §3.8: ‘Therefore to find the Diftance
(cn2) I fay,

As the Sine of 53° 8/ ~———— 9.903108
Is to the Log. of c2 =96 -—— 1.98227I
So is the Sine of 36.52 ——=&" ¢.778119

To the Log. of 72, &c. = tlu—:}
Diftance required = ~——— 1.857282

Or
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Or Geometrically : Draw two Lines at Plea-
fure, but perpendicular to each other (as ¢
and ¢ 2 under the faid Prop. IV. for Altitudes ;)
then from the Scale of equal Parts on the Qua-
dratic Infirument, fet off the known Height ¢ 4,
= 96 ; then at 4 lay down the Angle, =36.52,
and drawing the Line from 4, it will cut ¢2 in
w2 5 which is the Diftance required, = ¢'72.

P RAOE T

Ty take the Diffance by Help of your Watch ;
asy admit it were required to know the Diftance
2 the Place where a Camnon is difcharg’d, let
it be never [0 far off, provided you [ee the
Flafb of Firey and bear the Sound.

A very ingenious Perfon tells us, that Sound
proceeds 968 Foot in a Second of Time ; ano-
ther fays, more than 1100 Foot: But we will
put it at 1000 (being a round Number between
them.) Now upon feeing the Flath of a Gun’s
Powder, I tell the Beats of my Watch, till I
hear the Sound or Report of the Difcharge,
which fuppofe zo Beats or Impulfes ; T divide
that by 4, gives 5 Seconds, which is ooo Foot,
or 1666 % Yards, the Anfwer ; which is 1760,
or 1 Mile, wanting only 93 % Yards.

Ex A m-
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Examprt-II

Suppofe the Cafe of Thunder : I take the
Beats between the Lightning and the Thunder,
which fuppofe §2 Beats of my Watch, or 13
Seconds, which is 1300¢ Foot, or near 2z Miles

and an half.

bl s ike 1
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